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PREFACE. 


In  presenting  a  new  work  on  surgery  to  the  medical  profession  the 
eJitors  feel  that  they  need  olTcr  no  apology  for  making  an  addition  to 
the  list  of  excellent  works  already  in  existence.  Modern  surgery  is 
still  in  the  transition  stage  of  its  development.  The  art  and  science  of 
surgerj-  are  advancing  rapidly,  and  the  number  of  workers  is  now  so 
great  and  so  widely  spread  through  the  whole  of  the  civilized  world 
that  there  is  certainly  room  for  another  work  of  reference  which  shall 
be  untrammelled  by  many  of  the  traditions  of  the  past,  and  shall  at 
the  same  time  present  with  due  discrimination  the  results  of  modern 
progres-i. 

Their  aim  has  been  to  produce  a  reliable  text-book  of  surgery 
embo<iyin<T  a  clear  but  succinct  statement  of  our  present  knowledge 
i^i  .iuri^ir.il  patholoj^y.  synipttmiatolofjy,  and  diagnosis,  and  .such  a 
ilet.iileil  iiccount  nf  treatment  as  to  form  a  reliable  guide  to  modem 
pr.t -tree.  While  not  aiming  at  the  merely  nmel,  they  have  carefully 
omitted  antiquated  methods,  anil  they  Iii>[h.'  that  the  reader  will  find  in 
these  paLjes  only  what  is  practically  useful  to-day. 

The  ever-widening  field  of  surger\-  has  been  developed  largely 
by  -in-ei,il  work,  and  this  method  of  j)rogress  has  made  it  practically 
imp'p-.-i!ili'  for  one  man  to  write  authoritatively  on  the  va.sl  range  of 
subjects  embraced  in  n  modern  text-honk  t>f  surgery.  In  order,  there- 
(•■rc,  t"  aoomiplish  their  object,  tlie  editors  have  sought  the  aid  of 
men  of  wiile  eX[K'neiice  and  est.Tblislied  reputation  in  the  various  de- 
(wrtments  of  surgerj-,  and  the)'  mcist  gratefully  ackn<iwledi^e  the  verj' 
.ili'e  a<-i-tance  received  from  them.  The  editors  have  endeavored,  by 
rr  ;n-  < 'f  careful  scrutiny  uf  the  manuscripts,  to  secure  unifurnn'ly  of 
v.nii'.ird  .'iii'i  teaching. 

7'he    work    is   so  arranged   tli.il    Volume    I.    is   devoted   chiefly   to 
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Oncral  Surgery,  and  Volume  II.  to  the  various  branches  of  Spi 
Surgery — a  plan  well  adapted  to  the  present  needs  of  both  the  stui 
and  the  practitioner. 

It  is  with  deep  rcj^rct  that  the  editors  arc  obliged  to  record 
death  of  f«ie  of  their  contributors.  Dr.  John  B.  Hamilton  of  Chica 

The  editors  take  this  opportunity  to  express  their  obligation 
I>r,  F.  \\.  Lund  of  Boston  for  his  able  assistance  in  the  work  of  ed 
these  volumc.i. 

J.  COLLINS  WARREN 
A.  PEARCE  GOULD. 
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CHAPTER    I. 

SURGICAL   BACTERIOLOGY. 

A    BRIEF    STATEMENT    OF    THE    ESSENTIALS    IN    SURGICAL 
BACTERIOLOGICAL   PROCESSES. 

Qenefftl  Principles. —  B^roce  enleting  upon  ihe  :tiscus&ic>n  of  the  lechnic  la  be 
cmpUiycd  in  iurj;ictil  tiaclenoli^ical  work,  there  are  a  Tew  general  considem lions  ihal 
ifauulJ  be  emphasijeil.  (X  these,  peihnp^  one  of  ihe  mosi  imponanl  is  the  fact  thai  bac- 
(tfii  cf  any  bind,  palhogenic  and  non-palhogenic,  do  noi  pa.vs  olT  moist  surfaces.  The 
piaCIICill  ritue  of  thU  observation  hes  in  the  teaching  that  tloor^,  Lables,  and  furniture  in 
Ihe  operating Tooni  should  be  cleanseil  with  a  muisl  towel,  mop,  or  other  utensil,  the  better 
ID  ptrrent  the  rising  and  dissemination  of  dust -part  ides,  so  often  shown  to  be  the  carriers 
of  the  bacteria. 

Stmcture  and  Classification. — The  structure  of  the  bacteria  is 
simply  cell-membrane  and  protopla.sm,  and  they  arc  not  possessed 
of  organs  of  digestion  or  of  generation.  Roughly  speaking,  they 
are  classified,  for  medical  purposes,  as  follows:  Cells  which  have  ail 
diameters  the  same — the  spherical  forms,  or  the  micrococci:  those 
in  which  one  diameter  is  longer  than  any  of  the  others,  and  at  the 
same  time  not  curved — the  bacilli ;  and  those  in  which  one  diameter 
is  longer  than  the  others,  and  is  more  or  less  sharply  curved — the 
spirilla.  (This  grouping  is,  of  course,  of  the  roughest,  from  a  botan- 
ical point  of  view.)  The  dn'clopincnt  of  the  bacteria  occurs  in  two 
tvays ;  by  transverse  subdivi.sion  in  one  or  more  planes  at  the  same 
time,  and  by  spore-formation.  The  micracocci  develop  by  transverse 
subdivision  in  one  or  more  directions ;  if  in  one  plane  only,  and  if 
there  is  an  incomplete  separation  of  the  two  daughter-cells,  a  diplo- 
coccus  is  formed,  and  if  this  growth  and  incomplete  separation  con- 
tinue in  the  same  plane,  a  chain  is  produced — a  streptococcus ;  if  not 
in  the  same  plane,  but  in  irregular  planes,  a  zooglea  mass  is  formed, 
whilst  if  the  separation  is  complete,  there  results  the  grouping  of  the 
tf<i/»Ai-/wjxY«.c,  If  the  development  is  in  two  planes  at  right  angles  to 
each  other,  four  cells  are  produced  from  one  mother-cell — a  method 
of  development  of  which  the  M.  tetragenus  is  an  example;  and  if  this 
growth  takes  place  in  three  planes  at  the  same  time,  when  incomplete 
leparation  occurs,  as  is  usually  the  case,  the  sarcina  is  the  result.  The 
development  of  the  bacilli  is  similar  so  far  as  it  goes;  that  is  to  say, 
it  occurs  by  transverse  subdivision.  Now,  this  subdivision  is  in  one 
direction  only,  and  that  never  in  the  line  of  the  length  of  the  rod. 
Subcfin.«ii>n,  however,  is  not  the  only  method  of  development  of  the 
bacilli.  In  ccrUiin  conditions,  usually  those  unfavorable  to  rapid 
growth,  certain  highly  refractive  bodies  make  their  appearance,  usually 
at  the  poles  or  the  center  of  the  rod,  which  then  may  di.sappear  entirely, 
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leaving  only  these  highly  refractive  and  generally  oval-shaped  bodies, 
which  are  extremely  resistant  to  destructive  agencies.  These  bodies 
are  spores,  and  form  the  resting  and  resisting  stage  of  the  develop- 
ment of  many  bacilH. 

Whether  tiie  surgeon  has  to  do  with  a  process  set  up  by  a  spore- 
bearing  or  a  n  on -spore-bearing  micro-organism  may  often  be  a  matter 
of  practical  importance,  as  influencing  the  adaptation  of  means  to  an 
end  in  the  measures  necessary  for  securing  sterilization  of  the  field  of 
operation  or  the  secretions  and  material  obtained  from  it.  Spore-pro- 
duction has  not  been  observed  with  certainty  among  the  micrococci  or 
among  the  spirilla — certainly  not  among  the  varieties  that  are  suf- 
ficiently common  in  surgical  aflections  to  make  them  factors  that  must 
be  reckoned  with. 

Lastly,  the  spirilla  develop,  so  far  as  is  known,  by  transverse  sub- 
division only,  and  this  division  of  the  mother-cell  occurs  at  the  junc- 
tion of  two  curves  only,  so  that  the  young  cells  of  the  class  of  the 
spirilla  often  present  the  appearance  of  short  curved  rods — an  appear- 
ance which  very  quickly  disappears  under  favorable  conditions  of 
growth. 

These  conditions  of  growth  are  to  be  considered  under  food-supply, 
temperature,  light,  moisture,  and  gaseous  surroundings. 

The  food-supply  is  obtained  by  the  bacteria  by  the  breaking  up  of 
the  extremely  complex  oi^anic  substances  that  form  the  bodies  of 
plants  or  animals  dead,  or  which  are  excreted  by  them  while  still  alive. 
Whilst  it  is  true  that  the  artificial  food-supply  of  bacteria  cannot  imi- 
tate at  all  perfectly  that  which  they  find  for  themselves  under  natural 
conditions,  the  adaptability  of  many  varieties  renders  it  more  possible 
to  study  them  under  artificial  conditions  than  would  otherwise  be  the 
case.  In  general,  the  bacteria  require  certain  of  the  carbohydrates  for 
their  nutrition  ;  and,  for  the  study  of  the  pathogenic  varieties,  the  nearer 
their  artificially  prepared  nutrient  material  approaches  to  that  upon 
which  they  naturally  thrive,  the  better  will  be  the  results.  For  this 
reason,  preparations  from  fluids  or  tissues  of  the  animal  body  are 
more  advantageous  for  the  study  of  the  bacteria  than  are  mixtures 
that  must  be  made  up  more  or  less  empirically. 

Be.sides  the  neces.sity  for  a  supply  of  certain  amounts  of  carbon, 
hydrogen,  nitrogen,  etc..  certain  general  conditions  must  be  fulfilled 
to  permit  the  development  of  the  bacteria,  pathogenic  or  otherwise. 
They  must  have  a  certain  amount  of  moisture;  for,  whilst  it  is  true 
that  simple  drying,  even  prolonged  over  a  term  of  years,  docs  not  kill 
certain  kinds  of  bacteria,  especially  those  that  produce  spores,  it  is 
equally  true  that  no  development  of  these  minute  bodies  will  go  on 
under  a  total  absence  of  moisture.  So,  also,  the  presence  or  absence 
of  certain  ga.ies  has  a  marked  influence  upon  the  growth  of  certain 
kinds  of  bacteria.  In  the  case  of  oxygen  this  influence  is  .so  marked 
that  an  attempt  has  been  made  to  draw  a  sharp  line  of  division 
between  the  aerobic  (needing  oxygen)  and  the  anaerobic  (requiring  the 
absence  of  oxygen)  bacteria.  The  latter  divi.sion  does  not  include 
many  varieties  that  have  been  studied,  or,  indeed,  whose  existence  has 
been  revealed  to  us  by  our  present  means  of  observation,  especially  in 
surgery. 
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Temperature  is  another  of  the  genera!  conditions  that  must  be 
reckoned  with  to  secure  proper  conditions  for  the  growth  of  the  bac- 
leria.  By  far  the  larger  part  of  them  flourish  well  at  a  temperature  of 
between  20°  and  25°  C. ;  those  that  produce  pathogenic  change  in  liv- 
ing tissue  must  be  able  to  flourish  at  a  higher  degree  of  heat  than  this, 
and  most  of  them  will  grow  best  at  37°— 38°  C  Above  the  highest 
and  below  the  lowest  of  these  limits  practically  no  growth  occurs. 
Some  observations  record  development  as  high  as  70°  C.  and  as  low 
as  5°  C,  but  no  indication  of  development  of  any  of  the  pathogenic 
bacteria  has  been  obtained  at  or  near  either  of  these  points.  An  im- 
portant practical  conclusion  to  be  drawn  from  our  knowledge  of  the 
effect  of  temperature  on  the  vitality  of  the  bacteria  is,  on  the  one  hand, 
that  cold  does  not  destroy  them,  even  when  applied  under  conditions 
entirely  beyond  those  that  occur  in  actual  life.  Koch's  experiment  of 
placing  the  cholera  spirillum  at  —32°  C.  without  affecting  its  developing 
powers  when  brought  back  to  normal  conditions  is  a  case  in  point 
On  the  other  hand,  a  verj'  moderate  degree  of  heat  is  sufficient  to  kill 
most  bacteria,  very  few  of  them  being  able  to  withstand  so  low  a  tem- 
perature as  57°  C.  if  applied  for  a  sufficient  length  of  time  (the 
destruction  of  spores,  of  course,  requires  a  much  higher  degree  of 
beat). 

Ijght  is  another  of  the  general  conditions  that  has  an  influence 
upon  the  growth  of  bacteria,  and  it  has  been  shown  tliat  the  effect  of 
direct  sunlight  is  apparently  very  hurtful  to  the  vitality  of  many  kinds 
of  bacteria.  It  is  certain  that  the  thickness  of  the  medium  in  which 
the  bacteria  are  has  much  to  do  with  the  intensity  of  the  effect  of  sun- 
light upon  them;  and  it  is  still  an  open  question  whether  much  of  the 
effect  of  sunlight  be  not  due  to  the  heat  of  the  rays  and  their  drying 
eflcct  (depriving  the  bacteria  of  moisture). 

The  movements  of  bacteria,  when  they  are  present  at  all,  are  affected 
in  many  ways :  of  course,  by  extremes  of  heat  and  cold,  which  must 
more  or  less  influence  their  vitality ;  but  of  special  importance  is  the 
ikeiHUtfactic  influence  of  certain  salts  and  other  materials,  manifested 
bj'  an  Attractive  or  repellent  action  toward  the  bacteria!  cells.  This 
fosUh-r  or  negativt'  chennotaxis  is  of  the  same  nature  as  that  seen  in 
Ulc  casie  of  the  cells  of  the  tissues,  leukocytes  and  otliers.  in  response 
to  the  irritant  action  of  cliemicals,  injuries,  or  even  of  the  bacteria. 
Although  disease  is  all  that  concerns  us  here,  the  bacteria  are  active 
B  nuny  other  processes.  I'rof)erly  looked  at,  disease  is  but  another 
lame  for  a  perfectly  normal  function,  the  bacteria  producing  the  disease 
dfting  so  simply  l>ccause  they  find  in  the  tissues  in  which  they  grow 
ihe  nutrition  nccessarj'  for  that  growth.  This  nutrition  they  .secure  by 
breaking  up  the  complex  materials  of  which  the  tissues  are  composed 
Of  upon  which  they  are  fed.  Infectious  diseases  and  their  products  are 
therefore  really  the  waste  results  of  bacterial  growth. 

Tile  nK-th<»ds  by  which  the  bacteria  produce  their  results  in  the 
bod)-,  vcr^'  briefly  slated,  are  as  follows  : 

It  wa-"  formerly  supposed  that  the  results  seen  in  bacterial  disease 
*cre  due  entirely  10  the  direct  action  of  llie  bacteria  themselves.  This 
pMilion,  hovrcvcr,  ver>-  quickly  became  untenable,  for  innumerable 
pkcnomena  were  observed  that  were  inexplicable  upon  this  ground,  if 
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the  bacteria  themselves  were  to  be  looked  upon  as  an>-thing  but  accom- 
paniments of  the  disease-process.  Other  explanations  were  therefore 
sought  and  obtained.  The  influence  of  the  bacterial  cell  itself  in  the 
production  of  morbid  phenomena  is  veiy  slight  In  a  few  cases  there 
is  an  actual  mechanical  action  exerted  by  the  overwhelming  <^  special 
localities  by  masses  of  cells,  and  a  resultant  interference  with  the  func- 
tion of  the  part,  or  possibly  a  destruction  due  to  pressure.  This,  how- 
ever, is  not  often  seen.  There  occurs  also  an  absorption  by  the  bacteria 
of  nutrition  meant  for  the  tissue-cells,  and  in  this  way  a  destruction  of 
these  tissue-cells  that  might  be  spoken  of  as  starvation.     Neither  of 


Fig.  t. — Apparatus  for  using  Chamlwrland  filler,  vrilh  gloss  tube  inverted  over  (tllei,  Bet- 
ing by  capillary  attraction,  so  that  the  whole  fillering  surface  may  bi:  in  use  (as  suggested  by 
Dr.  J.  L.  Goodale). 

these  actions,  however,  is  sufficient  to  explain  by  far  the  vast  majority 
of  the  phenomena  seen  as  the  result  of  bacterial  growth.  The  general 
process  may  be  made  clear  by  the  supposition  that  the  bacteria,  during 
their  development,  take  from  the  complex  compounds  in  their  neigh- 
borhood certain  chemical  elements  that  are  necessary  for  their  own 
nutrition.  Thus  there  are  left  other  elements  in  a  condition  of  unstable 
equilibrium.  These  elements  combine  in  the  ways  necessary  to  sati.sfy 
this  unstable  condition.  As  a  result  of  this  combination  new  com- 
pounds are  formed,  some  more  simple,  others  more  complex  than  the 
originals.    Among  these  new  compounds  there  occur,  in  many  instances 
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of  bacterial  growth,  some  that  arc  extremely  hurtful  to  the  tissues  in 
wliich  they  are  found.  These  are  tlie  toxins  of  which  so  much  is  now 
said,  and  it  is  to  these  toxins  and  their  action  upon  the  hving  tissues 
that  arc  due  most  of  the  harmful  results  that  are  seen  to  follow  bac- 
tehal  growth. 

The  occurrence  of  varhtion  among  bacteria  has  been  a  matter  of 
much  discussion.  The  general  conclusion  seems  now  to  be  justifiable 
that  only  minor  variations  occur,  and  that  there  is  a  definite  type  of 
structure  and  of  function  to  which  each  bacterium  tends  to  return. 

Methods  of  Cultivation. — For  a  full  description  of  these  meth- 
ods the  student  must  turn  to  the  larger  text-books. 


Tk.  *. — CluuDberisad  filler  in  liunp-chimDey  luc  filtering  small  qusntitlu  of  fluid. 


.\t  preliiiuDitry  lo  ihir  obuining  of  n  pure  cullure.  the  ve<u«li  containing  tiie  nutrient 
"k.  sid  thesi  media  them-wlves,  must  be  compltlcly  treed  from  any  fonn  of  batlerium. 
,  it  sterilisation,  and  may  be  secured  by  the  use  of  hcol  in  its  various  fnrnis.  by  the 
IK  ol  cbemicals,  anil,  in  the  case  of  fluid-S  by  filtration. 

HntI  may  l»e  applied  first  by  diretl  exposure  lo  the  naked  flame.  pq«iblc  with  knivei, 
Ktaotit  pUlinBRi  wiiPS  etc..  and  fi>[  burning  infcrtiou!  material,  Snond.  by  Ihe  ax  of 
iMad  air.  n  in  the  caw  of  the  hoi  air  chamber,  in  which  the  tcmperuiure  may  lie  raised  to 
tkMk  Atgirt  by  (he  cmemal  application  of  the  heal:  diis  method  is  applicable  to  the 
■MnliaD  (if  i-liuikiir,  initrumenls.  etc.  Third,  moist  heal,  cither  direct  hulling  of  fluids 
_.ii*il«hl«i'«aielt  I  which  is  not  salnfactory  where  5|)Ore- bearing  bacteria  are  to  be  destroyed  1, 
r  ill*  lue  of  (leun  under  varying  degrees  of  pressure.  Sleamheat  under  preuure  it 
■M  rfCecliTr  nir«n«  linown  for  ihe  dcstniclion  of  bacteria.  Its  action  is  distinctly  more 
,  fiBtlmiiiit.  and  certain  llian  any  other,  and  for  ils  \tx  many  different  forms  of  appa- 
,  tD  expouin.  hare  been  devised. 

"rattim  ihmu^h  uiiHElaiFd  porceloin  (the  Chambetland  lillert  or  through  tubes  of  in. 
tBTth  !■  nnplnyeil  u  a  meant  for  steriliiing  fluids  whose  com  pu),  it  ion  is  likely  to  be 

i]  t>y  the  appliciIioD  of  heal  I  Figs.  1  and  1 ).      Moist  heal  is  used  for  (he  ilerijifutiun 
nrr-iMdia,  and  for  the  tnauaeni  of  infected  bedding,  clothing,  «lc,  which  may  be 
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desired  for  u^  again.  Filiralion  6n(U  its  ajiplicstiun  in  (ht  scjiaration  o\  bacleria  ft 
fluids  in  which  Ihe  pruduclj^  of  baclerial  growth  arc  Id  be  subiuiUcii  to  fuTlJier  st^iilv- 

Chfmicnh. — Slerilijmtion  by  tiie  use  of  chemicals  is  possible  only  in  bnetcriological  It 
nic,  where  the  instruments  oi  glassware  so  treated  may  be  5ubjeclci!  to  thorough  wash 
before  being  Bgaiu  tised.  Hut  t^hemirnls  find  an  extremely  useful  place  in  Ihe  steriliziU 
of  ^liscliurges  of  various  kinds,  instruments,  vessels,  nid  tlrc'S^nings,  elc- 

In  all  coses  in  whicli  it  is  de-dted  to  secure  sterdizution,  and  tu  keep  the  objects  ^tetili 
free  from  further  contamination  by  lising  forms,  means  in  this  end  must  be  taken.  Thi: 
almost  universnilv  found  in  the  closing  of  the  neck  of  the  containing  vessel  with  cotl 
wool.  This  toilunwool  stopper  is  not  meant  to  net  as  a  cork,  to  prevent  entirely  ihe. 
(ranee  of  air ;  it  needs  merely  to  be  a  JiiUr,  permitting  free  entrance  of  air,  but  filtering 
the  bacleria  and  moulds.  Used  in  this  way,  it  serves  as  a  perfect  protection  a^inst 
entrance  of  the  bacteria  ;  at  the  same  Lime,  it  is  not  a  permanpnt  ptoletliin  against  moul 
which  after  a  titnc  will  grow  down  through  the  interstices  of  the  cotton,  thcic  spores  iini 
dropping  upon  the  nutrient  medium  below.      This  may  be  guarded  against  by  sprinklini 


5C^^^ 


i'v,.  3. — Showing  liie  application  of  a  Mariotlt's  fla^k  to  a  hoi  tiller  liir  ki:eping  the  water  at 

constant  level. 


few  drops  of  solution  of  corrosive  sublimate  upon  Ihe  upper  surface  of  Ihe  collnn.  and  co 
ering  the  whole  with  a  rubber  cap,  the  latter  serving  also  to  prevent  the  evaporation  of  tl 
moisture  that  would  otherwise  take  place- 
In  geiienil.  slcrili«aiiori  by  dry  heat  is  completed  by  eipfisure  for  an  hour  to  a  temper 
tiirc  of  iSo**  C  ik>iling  for  five  minutes  is  sufficient  to  kill  n*Nn-s]>ore- bearing  bacterii 
Steam  at  IO0°  C.  for  one  and  n  halt  hours  is  enough  lo  sterilise  any  nutrient  mfdium  ;  bu 
as  gelatin  will  not  stand  this  amount  of  heat  without  losing  its  ptiwer  of  s^ilidifying  on  coo 
ing.  inteimillent  sleriliiOtion — twenty  minutes  at  a  time  on  three  successive  days — tnusi  t 
resorted  to  where  this  material  is  concerned.  Steam  under  pressure  at  ijo°  C.  (ihirl 
pounds)  for  fifteen  minutes  is  sufficient  tn  destroy  alt  spores  or  bocteria.  The  special  pri 
cautions  to  be  taken  in  this  form  of  sleriliailion  (with  the  auloclave)  may  be  learned  frot 
the  persims  svipplvinc  the  apparatus. 

Nutrient  Medla.^The  general  principles  to  be  observed  in  the  preparalion  of  the? 
inetlia  is  that  ihey  must  resemble  as  densely  as  ]iossible  those  upon  which  the  bacteria  ord 
narily  flourish.  By  far  the  most  common  of  the  nutrient  media  employed  is  nulritnl  gelalin 
spoken  of  as  "gelatin."     This  consists  of — 


SURGICAL   BACrEKIOLOGV. 


23 


Meat-walet, 

Sodium  chlohil, 

Peplotie,  dry  (VVillc). 

Gelatin  (bL-vi  Frcneli  gold  label ), 


loooc.c.  1 

5  gms.  (0.5  per  cent); 
10  gms.  ( I  per  rent, )  : 
100  gms.  ( la  per  cenL  ). 


I 


■ 


Mil.  warm  ami]  nil  gelatin  iii  dissolved,  and  neuutiliie  carefully  with  a  saturated  sotutton  of 

*"*■■■"■  carbonate.      Kilter,  while  warm  (Fig.  3),  through  liltcr-paper,  and  place  in  quami- 

tici  oC  about   10  CrC-   in  tej^t-tube^  plii^f^l  w^tli  cotton-wool  arid  previously  sterilized  by 

dry  hoii  (Fig.  4).     Sterilite  by  iubjcctiug  lo  steam  at  100°  C.  for  twenty  miiime?  u[x>n 

three  uKeef.sive  dav^.      SometiuiES  the  miicturc  doeri 

ml  come  through  cieai  at  iirst      This  tnay  be  due  to 

dirt  in   the  pores  of  the  filter-paper  or  to  incomplete 

nratnlirstioiii :    wmetitnes,   also,    it   docs  not    Loine 

eleftr  *flcr  these  points  have  been  looked  after,  vhen 

It  may  be  cleared  by  adding  the  white  of  one  or  two 

cgpi,  beating,  and  teftltcrinj;.      Sometimes  the  gela- 

Bn  becomes  cloudy  after  heing   placed   in   the  tesl- 

kibrs.     This  may  be  due  10  a,  trace  of  acid  thai  is 

Ml  on  the  sdes  of  the  lubes  as  they  come  from  the 

hctoty.      The  danger  ftiim  this  cau'^  may  he  abol- 

bfced  by  ihorovghly  washing  the  tesl-tube-'<  in  hot 

■■fitf  boiuc  DSiDg  them. 

Uftt-VM'fr-,    which   is  the  busts  of   many   other 
tDcdia  besides  nutrient  gelatin,  is  prepared  as  follows  : 

Finely -chopped  lean  meat,  500  gms,  ; 

Water  1,  pure,  but  nut  of  necessity  disli! led).  1000  I'.c, 

Hit,  and  lei  stand  in  a  cool  place  { in  summer  in  the 
ice<^csl  j  for  twenty- four  hours,  slirring  occasionally. 
S(raiD  thtxiugh  coarte  eloth  and  under  pressure,  to 
exirvl  all  the  m'^isture  possible.  If  the  bulk  t«  not 
1000  c.c.  of  Haiery  cxttact.  add  enough  water  to 
bnn(*  il  up  lu  thai  amount.  Iloil  in  n  waletbaih  for 
■D  hour;  filter  through  coarse  hlter-pa|>er.  From 
ihiv  meat-water  may  be  made  the  nutrient  gelatin 
nikeu  of  above,  and  niUrunI  bouiilon,  which  eon- 


Sec.  (0.5  per  cent.  J! 


Fir  4. — Appar.iina    lor   lilliiin    lesl. 
tubes. 


I 


Uol'lnlCT, 

Sbdnan  cblorid. 

Peptone,  dry  (Witte),    10  c.c.  (1  per  cenL  ] 

Mix.  Neulnlixe  very  carefully  with  a  saturated 
•olobon  of  sodium  carbonate,  added  drop  by  drup  as 
iW  line  is  appfuacbed,  until  red  litmus  is  turned 
dithdf  blue,  and  blue  litmus  is  nol  turned  red  |lo 
avoW  ibc  amphoteric  rtaclion).  This  bouillon  may 
be  kept  in  bulk  in  flasks  or  be  placed  in  lest  tubes, 
a»l  ilctili«ii  by  steam  al  100°  C.  for  an  houi  and  3 
ball,  at  by  steam  under  pressure. 

Fin  the  »iuily  o(  liatlena  at  Ihe  temperature  of 
Ibe  body  there  is  (ifleii  needed  a  medium  that  is  more 
^n«  of  prepanliou  than  blood-setum.  Such  a  me- 
iliUBi  ■*  firtiml   in   nulricnl  ii^ar-itgjr.     This  is  pre- 

rtA  prrcitely  as  is  nutrient  gelatin,  eicepliug  that 
ike  place  of  the  19  per  cent,  of  gelatin  there  is  added  from  i  to  1,5  per  cent-  of  agar- 
^■i  l1ir  miiture  is  ilillicult  to  mnke  clear,  but  this  end  iriay  be  reached  by  the  addition 
irf  the  while  of  an  rgg  before  liltering.  or  by  straining  Iwo  or  more  limes  through  filter. 
paprr.  To  facilitate  tillering,  ibc  whole  apparatus  may  be  placed  in  the  steam  steriliaer.  or 
u  1^1  tlluiilialr'l  ill  I-  ig.   },. 

Gimwfii/  me-ii,i  are  '^ften  uwful  for  special  puqmscs.  and  are  (Prepared  by  adding,  usually, 
1  per  tenL  ..f  glucose  lo  Ihe  ililfereiil  niL-di.i  nimi'ly  spoken  of. 

Wbilu  llir-e  mtiiurr'.  arc  iictcssaty  iidjuncls  1..  ihe  study  of  Ihe  biological  thaiailctislits 
of  aQ  hactena,  letlain  of  these  ih.imclcristirs  are  nol  so  well  observed,  and  some  of  them 
■KMN  mrn  ■■  all,  imle»  a  solid  albuniinou.-  material,  approaching  llie  comiilious  found  in 
IW  liflwrv  br  employed.  I'his  is  in  no  way  so  well  secured  as  bv  the  use  of  MW-irrfM. 
Tto  faniHbc*  llie  nearest  approach  hi  the  elements  found  it)  the  living  li.'>sues  for  the  nulii- 
■oa  of  bacteria,  awl  ir«a  fint  iotfoduccd  by  Koch  for  the  study  of  the  bacillus  of  tuberculoai. 
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The  blood  is  cottecled  under  B&  nearly  as  possible  aaeplic  conditions,  19  allowed  to  dot  in  a 
cool  place,  and  in  handling  is  shaken  as  Utile  as  possible.  At  the  end  of  twenty-four  or 
forty-eight  hours  the  serum  is  drawn  off,  placed  in  sterile  test-tubes,  and  sleriliied  at  a 
temperature  of  57°  C.  for  an  hour  each  day  during  sa  days.  If  it  be  desired  lo  use  the 
seniin  in  its  fluid  condition,  it  is  now  ready  ;  but  if,  as  is  usually  the  case,  it  is  desired  to  use 
it  as  a  solid  nutrient  medium,  it  may  be  sulidiiied,  after  this  steriliution,  by  being  raised  to 
64°  or  66°  C.  for  several  hours  until  it  has  solidified  ;  or  it  may  be  solidified  immediately 
alier  being  placed  in  the  test-lubes  by  being  placed  in  an  Arnold  steriliier,  in  which  case 
the  coagulation  and  the  sterilization  may  be  carried  on  at  the  same  lime.  This  rapid  coagu- 
lation naturally  makes  the  blood-serum  opaque.  It  may  be  made  to  retain  its  translucency 
by  taking  advantage  of  a  known  physiol(^cal  fact,  and  adding,  before  the  steriliialioD, 
from  ^  lo  {  of  t  per  cent,  of  a  caustic  alkali — either  sodic  hydrate  or  potassium  hydrate — 
the  amount  to  be  used  depending  upon  the  kind  of  animal  from  which  the  serum  was  drawn. 
The  addition  of  this  amount  of  alkali  will  enable  the  rapid  method  of  sleriliialion  of  blood- 
acrum  to  be  adopted,  and  at  the  some  time  will  give  as  a  result  a  solid  medium  of  a  very 
con»derable  degree  of  translucency. 

Blood-serum  may  be  used  plain  or,  as  is  now  very  common,  in  the  form  of  LBffUt's 
Ueod-Mrum  mixture,  consisting,  in  the  original,  of  3  parts  of  calves'  or  lambs'  blood-senim, 
to  which  has  been  added  t  part  of  bouillon  containing  l  per  cent,  of  glucose,  steriliied  as  for 
blood-serum. 

The  difficulties  in  the  way  of  keeping  up  the  virulence  of  the  streptococci  have  ted  to 
the  suggestion  of  a  nimiber  of  dilTerenl  media  for  this  particular  purpose,  and  of  these,  those 
of  Mannorek  seem  lo  be  the  best.      His  media  are  made  by  mixing — 

I.  Human  blood-serum  2  parts,  nutrient  bouillon  I  part 

1.  Pleuritic  or  ascitic  serum  1  part,  bouillon  2  parts. 

3.  Ass-  or  mule-senim  2  parts,  bouillon  I  part. 

4.  Horse-serum  2  pans,  bouillon  1  part 

Dunham's  peptone  solution,  useful  for  studying  the  indol  reaction,  is  prepared  by  adding 
I  per  cent,  dty  peptone  (the  best  is  Witle's)  and  0.5  per  cent,  sodium  chlorid  to  distillea 
water.     Fitter  after  the  solids  are  dissolved,  place  in  sleriliied  lesl- 
tubes,  and  steriliie  by  steam  heal. 

Certain  characteristics  of  bacteria  ate  best  shown  upon  starch- 
containing  materials,  and  this  starch -containing  nutrient  medium  is 
best  found  in  sterilized  potato.  The  potatoes  may  be  prepared  for 
use  most  easily  by  culling  out  cylinders  with  an  ordinaly  apple-corer, 
cutting  the  cylinder  into  two  wedge-shaped  portions,  and  placing  them 
in  sterilized  tubes  with  some  form  of  support  (small  pieces  of  glass 
rod),  below  the  potato,  lo  keep  il  from  Ihe  bottom  of  the  tube,  and 
sterilizing   the  whole   for  at  least  an  hour  in   the  steam  sleriliier 

{Fig-  5)- 

Most  material  to  be  studied  bacteriological ly  contains  more  than 
one  kind  of  bacterium.  Some  method  for  separating  these  varieties 
must  therefore  be  adopted.  By  far  the  most  common  method  in  u.se 
is  that  of  plate-culture,  either  according  to  the  original  method  of 
Koch  (using  three  or  more  glass  plates),  or  a  more  common  method 
of  using  ihrce  or  more  shallow  double  dishes,  the  so.called  Petri 
dishes.  A  method  of  making  plate-cultures  is  as  follows :  Melt 
three  or  more  lubes  of  nutrient  gelatin  ;  introduce  into  the  first  tube 
a  small  quantity  of  Ihe  material  to  be  examined,  and  mix  il  thoroughly 
without  shaking,  so  as  to  prevent  Ihe  formalion  of  air-liubblea.  From 
this  firsl  dilution  transfer  two  platinum  toopfuls  of  the  mixture  to  a  sec- 
ond tube,  and  mix  thoroughly.  From  this  second  tube  transfer  again 
two  loopfuls  to  a  third  tube,  and  mix  thoroughly.  This  dilution  may 
be  carried  further  if  there  is  reason  to  suppose  ihe  existence  of  a 
laige  number  of  bacteria  in  Ihe  original  malerial,  or  a  number  of 
rapidly  growing  liijuefying  bacteria.  The  dilutions  are  then  poured 
so  as  to  be  distributed  evenly  over  the  bottom  of  the  lower  of  the 
Petri  dishes,  arc  covered  with  Ihe  upper  one,  the  gelatin  is  allowed 
lo  harden,  and  the  cultures  are  set  a«de  fur  further  observation. 

Esmarch's  roll-cultures  are  made  in  precisely  the  same  way,  so 
far  as  the  mixing  in  the  gelatin  i*  concerned  ;  instead,  however,  of 
pouring  the  dilutions  either  upon  glass  plates  <w  in  the  Petri  dishes, 
the  tubes  themselves  are  laid  almost  flat  upon  a  piece  of  ice  and  are 
rapidly  revolved.  The  gelatin  mixture  solidifies  upon  Ihe  side  of  the 
tubes  themselves,  and  plate -cultures  are  formed  in  the  tubes.  PI  ate- cultures  may  be  made 
with  nutrient  ogar  as  wilh  nutrient  gelatin,  except  thai  csre  must  be  taken  that  the  melted 
agar  is  not  so  hot  as  lo  kilt  the  bacteria  sought  for.     These  cultures  are  of  value  when  it 


FlO,  5,— Test-tube 
with  constriction  at 
bottom  forsupporting 
potato-culturesalK>ve 
the  water  of  conden- 
sation , 
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is  desired  to  study  b&cleria  at  the  tempenture  of  the  body.  So,  also,  a  leparatioD  of  bac- 
Icm  may  be  secured  with  ■  good  deal  of  accuracy  by  spreading  [he  material  to  be  examined 
opoD  a  surface  of  nutrient  agar  or  nutrient  blood-scrum,  or  upon  the  surface  of  blood-serum 
plates.  This  upreading  is  done  by  dipping  the  platinum  wire  (Fig.  6)  into  the  infected 
ulerial  and  drawing  it,  in  successive  parallel  lines,  over  the  surface  of  (he  material  as 


iC 


3  ' 


Flrt.  6. — Platinum  wire  swaged  into  brass  wire,  and  reversible  for  transportation  {as 
dcTised  by  Dr.  ).  H.  McCollom).  o.  Closed,  *.  Open.  .;.  The  same  with  end  bent  at  right 
ingles,  tea  picking  up  colonies  in  tesl-lube.     d.  The  same  in  operation. 


many  times  as  may  be  possible.  Sometimes  it  is  necessary  to  separate  palhf^nic  bac- 
teria by  the  inoculation  of  animals  with  the  miilure  of  bacteria,  and,  when  a  particular 
diieise  appears,  obtain  pure  cultures  from  (he  tissues  of  the  animal  so  inoculaled.  Occa- 
lioully  also  ihe  separation  ii  obtained  by  the  killing  of  non.spore-bearing  forms  by  heat. 


Kit;.  7. — Kill's  apparalus  tor  producing  hy<lri^en.  with  wash-lMitlles  iiilached. 


I'ettain  of  the  bacteria  grow  only  in  the  absence  of  oxygen.  In  such  cases  it  is  npces- 
«rv  t»i  lake  mt^sures  for  the  eiiclusjim  *»f  the  nxvj^rn.  This  mav  l)e  lUtni'  by  substituting 
f-T  lit  an  itmi'-irfiete  of  hydrogen — the  comniDii  method  ado[>[e<l  (  Kig.  7)  ;  by  icivcring  the 
■'fdinarv  nreillr -culture  in  gelatin  or  agar  with  a  lav^r  of  sterile  oil  or  an  ad<lcd  amount  of 
liir  'jmr  nutrient  medium ;  or  by  a  fermentation -lube,  a  moditied  form  of  which  is  shown 
brl.iw  iKig.  8). 
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KuigJDg-drop  cuttUTCS,  frequently  necesuiy  Tor  the  purpose  of  snidying  bacteria  alive, 

consist  simply  of  a  celt-slide  over  which  is 
placed  a  cover-glass,  on  Ihe  under  surface 
of  which  is  suspended  a  drop  of  nunient 
fluid  containing  some  of  the  bacteria  it  is 
deared  to  examine. 

The  filtration  of  cultured' — that  is,  the 
removal  of  all  bacteria  from  fluids  in  which 
they  have  grown — is  accomplished  by  one 
of  die  many  forms  of  the  Chamberland  filter, 
through  lubes  of  unglaied  porcelain  or  infu- 
sorial earth. 

Cultures  are  usually  t^scrved  at  a  leoi- 
pcralure  of  from  X>°  to  22°  C.,  which  i& 
represented  by  the  avenge  lemperaiure  of 
the  ordinary  room ;  or  they  are  studied  at 
the  temperature  of  the  body,  which  is  ap- 
proximately 37.5°  C.  For  the  latter  pur- 
pose a  qxcial  warm  chamber  is  necessary, 
of  which  there  is  a  large  number,  the  gen- 
eral principles  of  them  all  being  Ihe  same. 

The  general  methods  for  the  study  of 
the  bacteria,  so  far  as  they  difTer  from  those 
of  ordinary  histological  work,  require,  in  the 
first  place,  a  good  microscope,  which  should 
include  coarse  and  fine  adjustment,  with  a 
homi^eneous  immersion  lens,  and  a  sub- 
stage  condenser.  The  bacteria  may  be  ex- 
amined either  stained  or  unstained,  in  cover- 
glass  preparations  and  in  sections.  When 
bacteria  are  examined  unstained,  the  harkg- 


Fl(^.  8- — A  hiethod  for  carrying  on  an- 
aerobic cultures  and  measuring  gas-production 
(as  devised  by  Prof.  Theobald  Smith). 


ing-diop  method  is  useful ;  for  stained  preparations  recourse  must  be  had  to  "  cover-glass 
preparations."  Perfectly  clean  cover.glasses  are  used,  and  a  minute  portion  of  the  mate- 
rial containing  the  bacteria  is  placed  upon  one  of  them  and  spread  in  as  thin  a  layer  as 
Sossible,  either  by  means  of  a  platinum  wire,  or  by  placing  a  second  cover-glass  upon  the 
rst,  pressing  the  two  together  very  gently,  and  drawing  them  apart  in  as  nearly  as  may  be 
the  same  plane.  The  material  is  allowed  to  dry  in  the  air,  and  Ihe  cover-glasses  are  then 
passed  through  the  flame  of  a  Bunsen  burner  three  times,  so  as  10  fix  the  film  on  the  surface 
of  the  cover-glass  and  prevent  its  being  washed  off.  In  the  case  of  blood  this  lixation  is 
best  accomplished  by  placing  the  cover-glasses  in  ■  hot-air  chamber  at  iio°  C.  for  an  hour, 
or  by  immersion  in  a  strong  soluliori  of  corrosive  sublimate  for  two  or  three  minutes;  the 
cover-glasses  are  then  washed  and  dried.  Sometimes  also,  if  the  structure  of  the  tissue- 
cell  is  desired,  "corrosive"  films  may  l)e  substituted  (or  the  drj- films.  These  films  are 
prepared  by  placing  them,  while  still  wet.  in  a  saturated  solution  of  perchlorid  of  mercury 
in  0.75  per  cent,  of  sodium  chlorid  for  five  minutes,  then  for  half  an  hour  in  0.75  per  cent. 
sodium-chlorid  solution  to  wash  out  the  corrosive  sublimate  :  they  are  then  washed  in  alco- 
hol, at  firsl  dilute,  then  stronger,  a  few  minutes  in  each  ;  after  this  they  may  be  stained  and 
examined  (Muirand  Ritchie). 

For  bacteriolt^ical  purposes  tissues  are  best  hardened  in  absolute  alcohol.      The  mate- 
rial is  cut  into  pieces  from  ■  to  i  c.c.  in  size,  and 
-.^  these  are  placed  in  absolute  alcohol,  which  is  to  be 

^^^ t  changed  on  sucees.sive  days  three  times;  the  tissue 

^^r    _  1  V  is  then  really  for  cutting  with  any  of  the  apparatuses 

^^^b^^  'r'm.  ^^  ^°^  cutting  sections.      Sections  may  alsii  he  cut  from 

^^^^^g^^l^^^^^  fresh  material  with  the  freeiing  microlnroe.     Har- 

I^^^^^^^^^^^^^^^^^^H  dened  tissues  may  be  fixed  on  blocks  with  a  few 

^P^^^^^^^^^^^^^^H  dropfi  of  celloidin  or  with  glycerin  jelly  (Fig.  9). 

^^^^^^^^^^^^^^B  In  examining  bacteria  in  the  tissues  (he  object  is  to 

^^^^^^^^^^^^^H  secure  sections  as  thin   as   possible,  not  covering 

"  '^^^^^^^^^^^^^  very  large 

Staining. — The  staining  of  bacteria  is  almost 
a  science  by  itself,  and  it  biis  only  been  since  the 
introduction  of  the  anilin  dyes  that  a  great  advance 
in  our  knowledge  of  the  bacterial  reactions  has 
been  made.  There  are  a  great  number  of  these 
dyes,  but  only  a  few  have  been  generally  adopted  for  ordinary  bacterio lexical  work.  Of 
these,  there  are  the  two  classes,  the  basic  and  the  acid  dyes.     Of  the  basic  stains,  those 


Fn;.  9.— Tissues  for  section-cutting 
mounted  on  fiber  blocks;  stuck  on 
with  celloidin  (as  su^csterL  by  Dr. 
Henry  Jackson). 
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most  conuDODly  employed  ate  the  roUowing :  Gentian  violet,  which  stains  very  lapidl)',  and 
easily  over-stains ;  methj'l  violet,  with  Ihe  same  peculiarities  to  a  less  degree ;  fuchsin, 
which  stains  more  slowly,  does  not  easi])'  over-stain,  and  is  more  pennanenl  than  the 
two  others  -,  methylene  blue,  which  stains  more  slowly,  almost  never  over-stains,  and  is 
extremely  lasting  ;  vesuvin,  or  Bismarck  brown,  which  gives  a  brown  stain  that  is  not  used 
much  now.  Its  usefulness  lies  in  the  fact  that  preparations  stained  with  it  are  peculiarly 
well  adapted  to  photography  \  but  since  the  introduction  of  orthochromadc  plates  the  neces- 
sity for  special  staining  of  the  bacteria  for  photography  has  practically  disappeared.  These 
are  the  common  basic  dyes  that  are  employed  in  the  study  of  bacteria.  They  are  pecu- 
liarly lilted  for  the  purpose,  for  the  reason  that  they  have  a  special  afUnity  for  the  staining 
of  the  cell-nuclei  of  the  tissues  and  of  the  bacteria. 

The  acid  dyes  commonly  used  are  eobin,  safrantn,  and  picric  acid.  These  dyes  are 
employed  for  coDlrast-stains  because  they  have  an  especial  affinity  for  eel  I -protoplasm  and 
intercellular  substances,  and  are  spoken  of  as  diffuse  stains.  The  variadon  in  anilin  dyes, 
not  only  in  name  but  in  chemical  composition,  makes  it  of  importance  tha)  different  ob- 
servers should  use  the  same  dye,  and  this  uniformity  of  stains  is  to  be  obtained,  apparently, 
only  by  employing  those  prepared  by  GrUbler  of  Leipsic.  It  is  to  be  remarked  also  that 
■II  anilin  colors  degenerate  more  or  less  rapidly  after  the  original  package  is  opened,  so 
that  it  is  advisable  to  procure  small  amounts  al  a  time.  So,  also,  it  is  well  to  remember 
thai  all  solutions  of  these  dyes  should  be  freshly  prepared,  saturated  alcoholic  solutions 
being  the  only  ones  that  can  be  relied  upon  to  keep  for  any  length  of  lime.  These  satu- 
rated alcoholic  solutions  may  be  used  as  stock  solutions  from  which  all  the  various  staining 
mixtures  may  be  prepared. 

The  firs!  and  most  generally  used  of  these  staining  mixtures  is  the  diliUi  alcokoHe  lolu- 
Han,  con»sting  of  I  part  of  the  strong  alcoholic  solution  filtered  into  2  parts  of  distilled 
water. 

The  staining  of  cover-glass  preparations  may  be  accomplished  either  by  ftoating  the 
cover-glasses  on  the  surface  of  the  Uuid  for  a  few  minutes,  or  by  flowing  the  cover-glass 
itself,  held  in  forceps,  with  a  few  drops  of  the  stain.  After  exposure  10  the  reagent  for  a 
few  moments — on  the  average  about  live  minutes — the  cover-glass  is  to  be  thoroughly 
washed,  dried,  and  then  mounted  in  a  drop  of  xylol  balsam.  The  xylol  balsam  must  he 
used  in  bacterioli^ical  work,  for  the  reason  that  other  solvents  of  Canada  balsam  dissolve 
the  coloring  matter  from  the  bacteria  more  than  is  cotiducive  to  the  best  results. 

Frequently  bacteria  come  under  observation  that  require  special  stains,  but  for  the  gen- 
eral staining  of  cover-glass  preparations  for  the  simple  determination  of  the  presence  or 
absence  of  bacteria  a  saturated  watery  solution  of  methylene  blue  will  be  found  to  be  the 
best  to  b^n  with. 

Occasionally  it  is  necessary  to  use  mordants  for  the  purpose  of  more  intensely  staining 
the  bacteria.  The  use  of  mordants  usually  makes  necessary  the  after- employment  of  some 
decolorizing  agent  to  lake  away  Ihe  intense  staining  from  the  tissues  and  leave  the  bacteria 
more  prominent.  The  carbolic  acid  in  the  carbol-fuchsin  mixture  and  the  anilin-oil  mixtures 
are  examples  of  the  use  of  mordants ;  so  aXta  are  the  alkalies  used  in  the  preparation  of 
certain  stains  like  caustic  potash  in  the  Loffler's  solution,  the  use  of  heat,  and  the  prolonged 
application  of  the  ordinary  staining  fluid.  As  decolorizing  agents  the  mineral  acids  are  the 
strongest,  vegetable  acids,  such  as  acetic  acid,  are  next,  alcohol  next,  and  water  last.  For 
sections,  dehydration  and  clearing  are  very  important.  Dehydration  is  accomplished  with 
absolute  alcohol,  and  clearing  is  attained  bv  means  of  xylol,  which  is  the  cheapest,  or  by 
oil  of  cedar,  which  is  the  best — not  with  the  ordinary  clearing  reagents,  such  as  oil  of 
cloves,  because  the  latter  dccoloriies  too  much  the  specimen  stained  with  the  anilin  colors. 

Uf  the  general  methods  used  fur  staining,  other  than  the  single  dyes,  a  few  of  the  more 
common  are  these : 

( I )  Lo^fr's  alkaline  metkyh'ite  blti^^  which  consists  of  a  saturated  solution  of  methylene 
blue  in  alcohol,  poparts,  a  solution  of  potassium  hydrate  in  distilled  water  (t  :  10,000) 
100  parts. 

Sedions  may  be  stained  in  this  mixture  for  from  Rfteen  minutes  to  several  hours  ;  they 
■re  then  to  be  decolorized  with  y,  to  1  per  cent,  acetic  acid,  washed  in  water,  dehydrated 
in  alcohol  or  anilin  oil.  cleared  in  xylol,  and  mounted.  C^^'<'''-^Ijs^  preparations  may  be 
stained  in  from  live  minutes  lc>  half  an  hour  in  Ihe  cold. 

(a)  Kukne' s  Melhyh'ne  Hhir. — Methylene  blue  1.5  grams;  ohsolule  alcohol  10  cc; 
carbolic-acid  solution  (i  :  20}  100  c.c.  This  to  be  used,  and  Ihe  decolori/aiion  carri<-d  4>ui 
precisely  as  with  the  preceding  ;  or  the  dotolori/iiij;  m.iy  he  iicconiplislicd  with  very  dilute 
hydrochloric  acid — 2  to  3  drops  in  a  walch-gla^sfnl  af  walt-r. 

(3)  7'hf  artiliii-iu'ifi-r  mixtitns,  consisliri|>  of  a  saluraleil  nicoholir  solution  of  gcniian 
violet,  methyl  violet,  or  fuchsin  jo  ]>arls,  ab-.iiluli-  aknhol  \\  ]jarts.  aiuliu-wiiler  loo  pjirts. 
The  anilin-water  is  simply  a  saturalcci  siilutinn  of  anilin  oil  in  water,  and  !■.  madt'  by  shak. 
ing  up  aboul  i  part  of  anilin  oil  10  vo  jiaris  uf  wattr  and  filli^tini;  larcfully.  These  anilin- 
watcr  mixtures  are  unstable,  and  are  to  be  made  fresh  as  often  as  once  in  every  few  days. 
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Carbol-fiichsin  is  prepared  of  baMc  fuchsiii  i  pan,  absolute  nicohol   lo  pertSij 
I        II  of  carbolic  nuid  (l  ;  20)  lOO  parts.     Tliis  is  a  very  strong  slain,  and  under  ord' 
»,Tiui<ion^  one  half  lo  one  nijnule  '\s  sul^cienl  for  sidinhig  cuvpr-g1iis>es.     It  is  so  atruiij 
il  does  not  find  any  useful  application  in  the  staining  of  sections, 

Griiiti' !  mct/tiij  i</ sUiiiiH):  y^  ti  u^\i\  one,  depending  upon  ihe  decoloriiinn  action 
the  so-called  <jrani\  mixture,  consjslinf^  of  re^ublimated  iodin  I  part,  polu%?iuni  iodi 
parts,  distilled  water  3  parts.  The  action  of  lliis  solution  upon  tissues  containing  baci 
is  a  speciol  one,  in  thai  it  removes  the  first  stain  from  the  tissues  and  from  some  baclerin, 
not  others  ;  so  that,  as  in  the  case  of  the  gonococcus,  this  method  of  staining  furnishes  a  1 
toward  a  differential  diagnosis.  At  the  same  time  the  action  of  the  iodin  solution  upon 
bacteria  docs  not  seem  to  be  a  true  decolorizing  action,  although  it  is  dilHcull  to  say  preci 
what  it  is. 

A  method  of  applying  Gram's  method  is  to  stain  [lie  prc|Mnition  in  tlieanilin-oil  geni 
violet  mixture  for  about  hve  minutes,  and  wash  in  water  \  then  transfer  to  (rram's  sok 
until  the  color  becomes  a  purplish  black  |  generally  fmm  thirty  seconds  lo  a  minute  is  i 
cieni);  decolorize  with  absolute  alcohol  until  the  black  color  has  entirely  disappeared 
the  preparation  is  at  the  mo»l  of  a  very  light  violet  color;  dehydrate;  completely  cl 
then  mount,  (}f  course,  in  the  case  of  cover-glass  ])re]ioratioiis  ihe  specimen  is  DM 
washed  in  water,  dned,  and  mounted. 

SfHire-i/iiiiiini;. — Sometimes  il  is  of  advantage  lo  stain  sjjores  thai  under  ordinary  e( 
lions  do  not  take  the  coloring  matter.  An  eflective  method  is  lirsl  to  use  the  carbolfiK 
slain,  heating  over  the  flame  of  a  IJunseii  burner  for  from  fifteen  lo  twenty  minutes  ; 
decolorize  with  1  per  cent,  sulphuric  atid  in  water  for  a  few  seconds  only  ;  wash  in  wi 
conltast  slam  with  salutaled  walery  methylene  blue  for  15  to  30  seconds :  wash  careful 
water ;  dry  and  mount. 

The  sitiijiiitg  vf  flagtlla  is  difficult,  but  as  this  has  also  been  used  for  purposes  of  di£B 
tial  diagnosis,  a  brief  statement  of  the  method  may  not  be  inappropriate  here. 

The  lirsl  and  best  method  is  thai  of  Ixiffler,  In  all  case.s  twenty -four-hour  cultures  > 
agar  should  be  used  ;  the  cover-glass  should  be  Ihoroughly  cleaned  before  use ;  anv 
preparation  upon  the  cover -glass  should  consist  of  the  minulest  possible  portion  of  Iho 
lure,  diluted  as  much  as  may  be  in  o  drop  of  water. 

Lofiler's  method  is  as  follows  :  There  must  be  two  solutions. 

a.  Tlir  nwiiiaul.  Add  to  £0  c.c.  of  a  zo  pet  cent,  solution  of  Utnnin  in  water  as  1 
drops  of  a  sniuraled  solution  of  ferrous  sulphate  in  water  as  will  give  the  whole  fluid  a 
violet  tiiil.  To  this  add  3  to  4  c.c.  of  a  solution  made  by  boiling  t  gram  of  logwood 
8  c.c.  of  water  (after  boiling,  litter  and  add  enough  water  to  bring  up  to  g  c.c).  The 
[ure  of  the  tannin  solution  with  the  logwocxl  solution  is  of  a  diily,  dark  violet  color, 
if  loo  much  logwood  solution  be  added,  particles  are  precipitated  which  make  Ihe  fluid 
less  as  a  mordant.  This  mordant  should  be  made  fresh  each  lime  it  is  used,  allhougl 
addition  of  4  to  5  c.c.  of  a  I  :  20  carbolic-acid  solution  makes  il  more  stable  without  inj- 
ils  properties, 

h.  Tilt  ilain.  To  100  c.c.  of  a  filtered  saturated  solution  of  anilin  oil  in  waler 
I  c.c.  of  a  I  per  cent,  solution  of  sodic  hydrate,  which  makes  the  mixture  faintly  allu 
To  this  add  4  lo  5  grams  of  methyl  violet,  methylene  blue,  or  fuchsineiyslals,  and  i 
thoroughly. 

When  a  preparation  is  lo  be  slained,  flood  the  cover-glass,  held  in  forceps,  with  as  1 
of  the  filtered  mordant  as  pos.silile ;  heat  carefully  aliove  the  flame  until  Ihe  slenm  beg[i 
rise — for  about  a  minute;  wash  well  in  distilled  waler  until  every  trace  of  the  mo 
appears  In  be  gone.  If  necessary,  wash  with  absolute  alcohol  until  only  the  film  itscl 
pcors  to  be  tinted  violet  by  the  mordant ;  filter  a  few  drops  of  the  slain  ou  to  the  covcr-g 
again  heat  until  Ihe  steam  rises,  and  leave  in  the  warm  slain  for  one  minute ;  wash  wi 
distilleil  water;  dry,  and  mount  in  xylol  balsam. 

Procedure  in   Bacteriological   Examinations. — In   sur( 
bacteriology,  as  in  any  other,  a  definite  routine  i.s  the  best  to  adop 
the  examination  not  only  of  the  materials  .•submitted,  but  at  the 
of  operation. 

In  the  case  of  materials  submitted  for  examination,  there  mus 
always  (i)  a  microscopic  examination  ;  (2)  an  effort  to  i.solate  the 
teria  presented;  and  (3)  an  attempt  at  an  identification. 

Materials  must  be  protected,  so  far  as  possible,  from  contamina 
by  extraneous  bacteria,  and  nothinf^  must  be  done  that  will  kill 
bacteria  that  may  be  contained  in  the  material.  Of  cour.^ie,  there  1: 
eluded  the  necessit>'  for  obtaining  the  material  as  soon  as  possible  : 
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its  removal  from  its  natural  surroundings.  If  the  material  to  be  ex- 
amined be  fluid,  and  it  is  necessary  to  transfer  it  for  any  distance,  it 
may  be  received  in  sterile  pipets,  which  may  be  drawn  into  capillary 
ends  and  sealed  in  the  flame,  or  which  may  be  plugged  with  cotton  in 
one  end,  whilst  the  other  passes  through  the  cotton  stopper  of  a  sterile 
test-tube.  If  the  fluids  or  tissue-juices  are  to  be  examined  at  once,  this 
may  be  done  by  transferring  a  small  portion,  by  means  of  sterile  plat- 
inum wires,  or  pledgets  of  cotton  wound  upon  the  roughened  ends 
of  ordinary  wire,  to  the  nutrient  medium  that  is  to  be  used  and  the 
cover-glass  that  is  to  be  examined  microscopically.  Tissues  should  be 
obtained,  if  possible,  with  the  organ  to  which  they  belong,  whole. 
These  organs  may  be  examined  by  searing  the  surface  with  a  red-hot 
knife  or  cautery,  making  an  incision  through  this  seared  surface  with 
a  fresh  knife,  and  from  these  freshly  exposed  surfaces  making  cover- 
glass  and  plate-cultures ;  or  the  surfaces  may  be  sterilized  by  thor- 
oughly soaking  in  i :  1000  corrosive-sublimate  solution,  drying,  and 
making  an  incision  with  a  sterile  knife,  which  incision  may  be  deepened 
by  tearing,  thus  obtaining  a  perfectly  un contaminated  surface. 

The  routine  procedure  for  the  bacteriological  examination  of  mate- 
rial in  the  case  of  a  discharge  is  first  to  make  a  number  of  cover-glass 
preparations,  which  may  be  stained  by  Gram's  method  and  with  sev- 
eral other  ordinary  stains ;  next,  plate-cultures  should  be  made  in 
nutrient  gelatin,  in  nutrient  agar,  and  on  blood-serum,  and  the  develop- 
ment should  be  carefully  studied. 

A  shorter  method  of  making  plate-cultures  is  to  pass  the  needle, 
dipped  in  the  material,  in  three  successive  parallel  lines  over  the  surface 
of  the  blood-serum  or  nutrient  agar,  and  keep  these  cultures  at  blood 
temperature.  This  method,  however,  is  not  as  perfect  as  those  first 
spoken  of. 

As  soon  as  the  colonies  appear  upon  the  plate-culture,  they  should 
be  examined  with  a  low-power  lens.  In  the  case  of  those  that  cannot 
be  identified  by  this  examination,  further  study  must  be  carried  on. 
The  student  should  note  first  the  microscopic  appearance,  including  the 
form,  size,  arrangement,  and  the  staining  reactions  ;  whether  the  organ- 
ism is  motile ;  whether  it  produces  spores ;  then  the  characteristics  of 
its  growth — how  it  appears  in  its  development  upon  gelatin,  in  needle- 
culture;  the  rate  and  form  of  growth;  the  presence  or  absence  of 
liquefaction  ;  whether  or  not  it  produces  gas  or  odor;  whether  or  not 
it  produces  add  ;  and  the  characteristics  of  the  colonies  upon  plate- 
culture  ;  so  also  the  characteristics  of  the  growth  upon  agar  at  a  tem- 
perature of  37°  C.  in  bouillon,  on  blood-scrum,  on  potato,  milk,  litmus 
media,  sugar  media,  and  peptone  solution.  The  rapidity  of  growth 
should  also  be  noted  ;  whether  or  not  the  bacterium  produces  spores 
or  pigment ;  its  staining  reaction  ;  and  the  result  of  inoculation  experi- 
ments in  animals. 

Practically  all  inoculation  experiments  are  performed  by  means  of  a 
hypodermic  syringe,  and  thus  far  no  syringe  has  given  better  satisfac- 
tion than  the  ordinary  "  Koch  "  syringe  (Fig.  10).  Methods  of  inocu- 
lation may  be  either  {0  by  simple  scarification  of  the  skin  and  a 
rubbing  in  of  the  infectious  material ;  (3)  by  subcutaneous  injection, 
preferably  near  the  root  of  the  tail  or  between  the  shoulders;    (3)  by 
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intraperitoneal  injection ;  (4)  by  intravenous  injection,  for  which  puqx}se 
the  vein  of  the  ear  is  most  commonly  used;  or  (5)  by  injection  into 
special  regions,  such  as  the  anterior  chamber  of  the  eye,  the  tissue  of 
the  lung,  etc.     Autopsies  on  animals,  dead  or  killed  after  inoculation, 


Fid.  10. — Koch's  syringe:  a.  the  usual  form;  i.  modified  fonn.  wilh  glaM  bami  of  small 
calib«r,  permillmg  Ihe  easy  measurement  of  small  doses. 

should  be  made  as  soon  as  possible  after  death.  The  special  methods 
for  carrying  out  these  examinations  may  be  found  in  the  text-books  on 
the  subject 

Of  the  special  bacteria  likely  to  be  found  in  surgical  work,  the 
most  common  and  most  important  are  those  concerned  more  or  less 
closely  with  suppuration,  of  which  the  most  common  is  the 

Staphylococcus  pyogenes  aureus,  a  micrococcus  of  irregulac  Alt,  of  an  average 
diameter  of  0.9  /i,  airanged  insularly  in  masses  (I'lale  I,  Fig,  I ). 

This  bacterium,  which  is  non-motile,  grows  on  gelatin  plates  in  minute  colonies^  appar- 
ent  under  a  low  power  of  the  microscope  after  twenty-four  hours,  granulated  on  the  sur- 
fece,  and  of  a  brownish  color.  The  colonies  gradually  become  visible  to  the  naked  eye  as 
whitish-yellow  points,  which  later  become  mote  distinctly  golden  yellow.  Liquefaction  of 
[he  gelatin  occurs  around  them,  and  a  funnel-shaped  depression  appears,  at  the  bottom  of 
which  are  the  colonies.  In  needle-cultures  in  gelatin  the  line  of  development  appears 
along  Ihe  needle.track  on  the  day  after  inoculation,  and  on  the  second  or  third  day  (he 
beginning  of  liquefaction  may  be  noted  at  the  upper  portion.  The  liquefaction  progresses 
slowly  at  the  lower  portion  of  the  culture,  more  rapidly  at  the  upper  part ;  a.s  it  increases, 
the  main  portion  of  Ihe  colony  falls  to  the  bottom  as  a  flocculent  deposit  which  takes  on  a 
golden-yellow  color,  whilst  the  1i<[uetied  portion  remains  turbid  ;  Anally,  in  from  one  to 
two  weeks,  the  gelatin  becomes  entirely  liquefied  out  to  the  wall  of  the  tube.  On  agar 
(Plate  z,  Fig.  l)  the  colonies  develop  along  the  needle-track  as  an  abundant,  moist,  shining 
growth,  which  is  well  marked  after  twenty-four  hours  at  the  temperature  of  the  Imdy. 
It  later  takes  on  the  golden-yellow  color,  which  may  be  well  marked  at  the  end  of  forty- 
eight  hours.  On  potato  it  grows  well,  producing  an  abundant  layer  that  also  assumes  a 
golden-yellow  color.  In  bouillon  it  produces  n  uniform  cloudiness,  which  Inter  sinks  to 
the  bottom,  with  a  brownish-yellow  color.  It  coagulates  milk,  proiiuces  an  acid  reaction 
in  the  various  meilia,  does  not  produce  spores,  although  it  retains  it«  vitality  in  old  cultures 
for  a  considerable  length  of  time,  and  requires  rather  a  higher  temperature  for  its  destruc- 
tion than  most  non-sjxire- bearing  bacteria  (according  to  l.ubbert,  needing  a  temperature  of 
80°  C.  for  half  an  hour).  It  stains  readily  with  any  of  the  anilin  colors,  and  by  Gram's 
method. 

Pathogenic  Properties. — Injections  of  small  amounts  of  pure  culture  are  usually 
not  followed  by  any  results ;  but  large  amounts,  or  intravenous  or  inlra-alKlominal  injec- 
tions, are  usually  followed  by  fatal  results  in  mbbils  or  guinea-pigs  in  a  few  daj-s,  wilh 
minute  abscess- formation  in  the  kidneys  especially. 

The  Staphylococcus  pyogenes  albus  is  a  micrococcus  less  virulent  than  the  pre- 
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Fill.  (.— Stnpliylncoocu?  pyOEcnc!.  aureus;  |iure  culture  on  Mom!  sr ruin  aftt-r  Iw 
four  huiin  al  22°('. ;   fuclisin;   Viiint:m  luciila,  ih-.  4.  oil  iinincr-iim  |'i  (Zcls>|, 

[■'rci.  2. — Slrqil'iciittus  (lyc^tiic^;  Imiiillnii  1  iilliiri-,  twcniy  four  liours;  liifflit's  in 
km-  UrK ;  caiiiiT.i  liH'iila,  'H*.  4,  nil  iiiimi-rsinn  ,1.  i/ii>.ak 

F'li'..  J.  -  Thicillu't  c<ili  coniimiliU;  ^j^ar  CIllllITi-.  (wt.'litj'-fiitir  hr>ur3  old,  -It  22°  C  ;  ca 
luciila,  w.  4.  'lil  iniriiorsioii  f,  (Z<'i«|. 

Kl<:.  f. — lllanilvrs  liacillu^;  ciiluirc  mi  |><t.-it'i,  toity  •-i^lit  hours  nl<l.  al  JT.l'"  ' '. :  fii<' 
cnincr.t  lucida,  oc.  4,  oil  iiiiiiivraioii  ,'j  i/i-is'<). 

Vui.  5, — 'rtlaiius  Kicillu-i;  old  iiilluiv  on  Imuillim,  sliowiiij;  lialllflorc  forms  am 
sjionis;   oaiticra  lucida,  oc.  4,  oil  iiiiuurMOTi  ^j  {Zi'is-.). 

I'^i;,  f>. —  Hacillusof  l)ul"inii'  |il.iniie;  a j;ur  cull un,',  twenty  fotir  hours  olil ;  fuclism  :  c; 
liu-ida,  oc.  4.  oil  iiimii-rsioii  ^,  (Zi-iss). 
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ceding,  whoie  chsraclFristics  arc  precisely  the  same,  will)  Ihe  exception  thai  il«  colonies  are 
white,  inJ  not  colored. 

Thr  Stspliylococcus  epi(lennid)!i  albus  <jf  Welch  ts  probably  but  a  variety  of  tbe  preced- 
ini;,  occuning  in  the  deept't  IrtyiTS  of  the  skin, 

A  third  aiKn>c'h:cu^  of  pus»  amch  It^s  coinmcm  than  either  uf  (liese  iwu,  la  the  StAph> 
ylOCOCCBS  pyogenes  CitreUA,  ilifTeritii;  from  the  ollicry  In  thai  lis  tulonles  are  uf  n 
IKmon  yellov.,  &wX  the  fatt  that  lis  pathojitnlc  properties  are  very  --iighl. 

The  Staphylococcus  cercus  albus  ^tid  the  Staphylococcus  cereus  flavus  ate 

ti  (Wmtically  nu  iraportaiitc.  They  arc  found  occajioiialiy  in  suppurative  processes.  They 
d<i  tH>l  iK^uefy  gelalm :  the  one  produced  a  white  waxy  growth  upon  ordlnnry  tnedio.  whilst 
the  other  ptiiluces  a  yellow  waxy  growth.  They  have  not  been  shown  10  have  any  siiecinl 
pith.igenii"  properties. 

Tlie  Streptococcus  pyogenes  iPtale  I,  Fig,  1)  19  a  coccus  of  a  somewhal  larger 
mTenee  sire  than  ihe  staph ylocmccus,  being  about  I  /f  in  diameter,  occurring  in  chains  which 
Muy  lie  nude  up  of  a  large  or  a  small  number  of  the  cells.  Sometimes  there  is  ihe  appear- 
ance "f  a  chain  of  diplococci,  because  the  division  of  many  individual  members  of  ihe  chain 
■Hy  be  going  i-<i  at  Ihe  same  time.  In  young  cullureii  Ihe  micrococci  are  unifomi  in  si^e  ; 
bill  at  thcv  CIDW  older  a  marked  difference  appears,  some  of  ihe  individuals  being  twice 
Ibe  nocmal  diameter  and  mute.  This  streptococcus  is  non-motile.  On  cullivnlLon  in  gela- 
liil  a  TFiy  tliio  line  appears  along  the  needlcliack.  which  is  seen  to  be  made  up  of  a  row 
of  ininale  tnuod  colonies.,  whitish  In  color,  rarely  reaching  the  siie  of  a  pin's  head.  Then- 
Is  no  i^mwlh  on  Ihe  surface  of  the  gelatin,  and  no  liquefaclion  or  color- production.  Id 
getaiin  pUles  ihe  cntonies  alio  appear  as  minute  whidsh  globular  points,  flat  and  translucent 
opon  the  turlace.  Un  ihe  surface  of  agar  the  growth  takes  place  along  the  needle-lrack  as 
DUle  rounded  colonies,  showing  a  marked  tendency  lo  remain  separate.  The  charactcr- 
i  upon  blood  serum  are  the  fame  as  upon  agar  ;  on  polalo  there  is  generally  no  visible 
rill ;  in  bouillon  there  is  apparent  a  very  fine  cloudiness  which  lalcr  settles  to  the  bottom 
i  ihe  lube.  Il  coagulates  milk,  and  i-i  saiil  occa.sionally  10  produce  gas  in  sugar  media  and 
^lo  turn  litmus  red.  Il  grows  best  at  the  lemperalure  of  Ihe  body,  and  with  a  fair  degree  of 
npidily.  Il  does  not  produce  spores,  does  not  liquefy  gelatin,  end  produces  no  pigment. 
Il  tiaiiu  wiih  any  of  the  anilin  colors  and  by  Gram's  method.  Inoculated  inlo  the  ear  of 
a  rahbit,  it  produces  a  localized  erysipelatous  process ;  but  usually  subcutaneous  injeclion:^ 
In  rabbits  anil  guinea-pigs  are  wilhoul  result. 

It  must  be  remembered  that  one  of  two  things  must  be  true :  either 
berc  are  many  kinds  of  streptococci  which  our  present  means  of  study 
I  not  enable  us  to  difterentiate,  or  this  streptococcus  takes  on  many 
variations  of  virulence  under  the  influence  of  varying  surroundings. 

Varletlea  ol  Streptococci. — II  may  be  slated  thai  formerly  the  Streptococcus  pyog- 

aiid  The  Slrc]>loc<.H:cus  erj'sipelntis  were  regnnled  as  Iwo  distinct  species,  and   various 

1  of  diiference  belweco   them  were  given.      Further  sludy,  and  especially  the  results 

doad  by  modifying  ihe  virulence,  have   *hown   thai  thr^ie  iliMiindioiis  cannol  be  main- 

■nd  now  nearly  all  aulhorilies  ate  a^^ed  lh,it  the  two  organisms  are  one  and  the 

r,  erysipt'la*  litiiig  produced  when  Ihe  Streptococcus  pyi^enes  of  a  certain  slandard  of 

r  HnilmcF  iratTi-  eul  ranee  to  the  lymphatics  of  Ihe  skin.      Fetru.scbky  in  1S96  showerl  conclu- 

WTeljf  lluit  •  fUejitotoccus  culiivaled  from  pus  may  cause  erysipelas  in  the  human  subject. 

There  is  occa*irjnally  found,  in  Ihe  sludy  of  suigical  legions,  a  baclerium  Ihal  pniduces 
I  (Mkiac  pccniih'blue  Ilui>rr«cence  in  the  nutrient  media  on  which  it  gmws.  This  Is  Ihe 
'  fynyanrui.  which  is  of  interest  not  becau^  it  pniduces  any  pathological  changes, 
I  by  rviion  of  the  studies  that  have  been  made  upon  the  pigment  which  it  produces,  and 
I  appamtly  augmenting  ciTcct  when  inoculnied  at  (he  same  lime  with  certain  olhei  niicro- 
r«qpLtH4Rn.  Il  i»  one  nf  a  number,  and  Ihe  chamcl eristics  of  Ihc  group  are  best  studied  in 
itie  lat^  Iril  Uviks 

The  Micrococcus  tetraKcnus  is  al»  sn  cn^nism  which  very  rarely  oecurs  in  sur- 
~  tcHJuD*,  i:hAmc1rri/e<l  es|tcvtanv  bv  the  fad  that  it  divides  in  two  planes  al  right  angles 
'  amllier.  ■»  that  it  is  frcqupiuly  found  in  thetis.sues  al\er  inoculation  In  groups  of  four, 
unrs  Hirtoundrd  by  a  rapsute.  The  bacilli  stain  easily  with  all  the  ordinary  stains, 
>  <mM  a>  tiy  tir.-im'-,  method.  This  microocKicus  is  about  i  /i  in  diameter.  It  grows  readily 
I  fetaltn  pl«tr».3"  munil  yei|i>wisli-whitecutonirs.  which  appear  granular  or  slightly  nodu- 
cd  under  ■  low  power.  The  surlace  colonies  show  the  yellowish  white  color  more 
ikadly.  The  nccdle-cullure  in  nutrirni  gelatin  gives  a  fairly  ihkk  whitish  line  along  the 
tnck  vt  the  nreille,  with  a  niumi,  lhii;k,  ytllowi'.li- while  disk  im  ihe  surface.  The  organism 
gnMn  absa^anlly  on  the  surface  of  aifBt  and  of  polalo,  in  a  moist  layer  of  a  yellowish- 
«UMr  color.  It  grows  rapidly  al  the  lemperaluie  of  the  room,  does  not  pn:>duce  spores,  and 
dMi  aM  liqitrfy  )(eblin.      It  is  especially  juLhogenic  to  white  mice,  a  subcutaneous  injection 
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pcoducing  ■  general  lepticeniU,  (he  orfranimu  t>«t^  fonnd  in  laigc  nambeis  in  the  blood 
■nd  tissneii,  e^iecialiy  the  spleen.  This  micrococcus  is  supposed  to  be  active  in  the  produc- 
tion of  thv  suppurative  part  of  the  dmructivr  pfDcejis  in  tuberculosis  of  the  lung. 

Can  suppuration  occur  apart  from  bacteria?  This  question  was 
taken  up  after  it  had  been  shown  that  bacteria  were  the  chief  causes 
of  suppuration,  and  efforts  were  made  to  determine  whether  an  actual 
suppuration  could  be  determined  by  simple  chemical  substances,  such 
as  croton  oil,  nitrate  of  silver,  mercurj',  and  so  on.  The  general  con- 
clusion reached  seems  to  be  that  suppuration  does  not  usually  follow 
the  introduction  of  these  irritant  substances;  but  occasionally  with  some 
of  them,  and  in  certain  animals,  a  suppuration  may  occur,  the  pus  from 
which  does  not  show  bacteria.  This  suppuration  never  produces  sec- 
ondary abscess  of  itself,  nor  upon  inoculation  of  the  pus,  and  it  is  even 
doubted  whether  the  pus  thus  produced  actually  corresponds  histologi- 
cally and  chemically  with  the  results  of  natural  suppuration ;  in  any 
case,  as  far  as  the  practical  side  is  concerned,  it  is  unquestionable  that 
by  far  the  greater  number  of  cases  of  suppuration  met  with  clinically 
are  produced  by  living  bacteria. 

The  Bacllliu  coll  communU  (TUte  i.  Fig.  3)  is  found  in  many  inHammatory  and 
■uppuralive  conditions  in  connection  with  Ibe  alitnenlary  tract ;  also  in  other  parts  of  the 
body,  in  inflanmulion  of  the  urinary  passages,  cystitis,  etc.  Il  is  a  bacillus  from  z  to  3  fi 
long  and  about  0.5  fi  broad,  with  rounded  ends.  It  is  actively  motile,  and  grows  in  Kclitin 
plates  as  Bmall  brownish -white  colonies,  not  liqucfyinE  the  gelatin.  In  nutrient  gelatin  the 
growth  is  well  marked  along  the  needle-track,  as  a  whitish  line,  spreading  out  upon  the 
surface  of  the  gelatin,  not  much  elevated  from  the  surface  of  the  media ;  on  agar  it  gtnwi 
distinctly  out  from  the  needle-track,  as  a  whitish-brown  layer,  moist,  dirty  in  appearance ; 
the  same  appearances  characterize  the  growth  on  blood-serum  ;  on  potato,  in  forty-ejght 
hours,  Ihere  is  a  distinctly  brown  pellicle  with  a  dull  surface. 

The  growth  clouds  bouillon,  produces  gas  in  glucose  media,  turns  litmus  media  red,  and 
has  a  marked  indol  reaction  in  peptone  solutions.  It  grows  rapidly — best  at  the  temperature 
of  the  body — does  not  produce  spores,  does  not  liquefy  gelatin,  produces  gas  (Ilatea,  Fig.  l), 
and  stains  with  any  of  the  anilin  colors,  hut  not  by  (iram's  method.  Intravenous  injection 
of  small  amounts  in  guinea-pigs  will  produce  death,  t>ut  much  larireT  amounts  are  required 
to  produce  the  same  results  in  rabbits  or  guinea-pigs  after  intra-nbdtiminal  injection. 

Muir  anil  Kitchie  give  the  following  table  of  differences  between  the  Bacillus  typhosus 
and  the  Kacillus  coli  communis  1 

B.    TVPiK)SllS,  B.    COLl   COMMUNIS. 

Flagella  more  numerous,  longer  and  more      Flagella  fewer  and  shorter. 

wavy. 
In  artificial  media  the  growth   is  generally      (irowth  faster  ami  more  vigorous. 

slow  and  not  vigorous. 
Growth  on  fresh  acid  [>i)Utoes  a  nearly  trans-       Growth  on  potatoes  a  brown  pellicle. 

parent  film. 
Very  slight  acid-production  in  ordinary  me-       Well-marked  acid  production. 

dia,  followed  soinetimesby  the  production 

of  alkali, 
Fermcntaliim  of  lactose  very  slight,  if  any.        Fermentation  pronounced. 
Milk  not  coagulatcil .  Milk  coagulalctl. 

In  gelatin  "  shake"  cultures  no  gas-forma-      Abundant    gas-formatjon.      Rounded   colo. 

tion.  nies. 

Nc)  prcKluctiim  of  Indol  in  ordinary  bouillon.       Well-marked   indol   production.      ( In  some 

varieties  none.      Klein.) 
Widal's  reaction,      llncilli   become  lEumped       Ideilli  remain  actively  motile. 

together  anil  motionless  in  the  serum  of  a 

typhoid  |>flli<'nl.     (A  simitar  reaction   is 

given   by  the    bloiKl-serum  of  nn  animal 

immunir.eil  a|;ainst  the  (yphoiil  bacillus. ) 

Of  the  bactc'ri.1  already  mentioned,  the  staphylococci  are  most 
commonly  found  in  localized  abscesses  or  pustules,  carbuncles,  boils, 
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in  acute  suppurative  periostitis,  in  ulcerated  endocarditis,  and  in  cer- 
tain p\-emic  conditions.  The  streptococci  are  usually  found  in  spread- 
ing inflammations,  with  or  without  suppuration,  in  diffuse  phlegmonous 
and  crj-sipelatous  conditions,  in  suppurations  in  certain  membranes, 
and  in  joints.  The  Bacillus  coli  communis  is  found  in  many  inflam- 
matory and  suppurative  conditions  in  connection  with  the  alimentary 
tract  and  elsewhere.  The  Micrococcus  tetragenus  is  found  especially 
in  suppurations  in  the  region  of  the  mouth  or  neck,  as  well  as  in 
various  lesions  of  the  respiratory  tract.  The  Bacillus  pyocyaneus  is 
rarely  found  alone  in  pus. 

The  SOIMKOCCIU  is  ■  consUnl  accompanimcDl  or  (hat  specilic  rorm  or  suppuration 
known  u  j^norrhea.  Its  special  characteristic  is  that  it  is  a  micrococcus  occumne  most 
conunonlf  in  pairi,  with  the  adjacent  edges  flallened  01  even  slightly  concave.  Anouier  of 
its  marked  characteristics  is  that  it  most  communly  occurs  in  the  leukocytes,  which  isdiflcT- 
enl  from  what  is  the  case  in  ordinaiy  suppuration.  Il  stains  ea^ly  and  well  with  any  of  the 
onlinaty  dyes,  but  does  not  stain  by  Gram's  method. 

.Neiiser's  stain  gives  veiy  beautiful  results  (Plate  3,  Fif.  l).  Cover-glasses  in  waim 
concentrated  alcoholic  msin,  two  to  three  minutes.  Transfer  directly,  after  soaking  off 
excess  with  Rller-paper,  to  concentrated  alcoholic  methyl ene-blue,  one-half  to  Ihree-quartera 
of  a  nunule.  Wash  in  water,  dry,  and  mount.  [These  times  of  staining  have  been  found 
to  be  belter  than  those  originally  given. ) 

The  cultivation  of  the  gonococcus  it  difficult.  It  does  not  grow  upon  the  ordinarj 
meilij.  The  best  are  solidi^ed  blood-serum  and  Wenheim's  medium,  consisting  of  I  part 
of  fluid  serum  and  a  parts  of  agar  al  a  temperature  of  40°  C.,  which  is  then  allowed 
to  solidify  by  cooling.  Growth  occura  best  at  the  temperature  of  die  body,  and  does  not  go 
on  below  15°  C  The  cultures  are  to  be  obtained  by  passing  a  small  quantity  oi  P^^  over  the 
mrface  of  one  of  the  selected  media,  and  then  placing  it  in  an  incubator.  The  colonies 
make  their  appearance  at  the  end  of  twenty-four  hours  is  small  translucent  bodies,  irregu- 
larly niunded,  and  reach  their  maximum  siie  on  the  fourth  or  fifth  day.  The  later  cultures 
gruw  more  luxuriantly  than  do  the  earlier  ones,  but  the  transjereace  to  fresh  media  must  be 
made  every  two  or  three  days.  Aside  from  the  occurrence  of  the  gonococcus  in  fresh  pus, 
its  relation  to  }oinl-atfeclions  and  other  sequels  is  a  matter  of  considerable  importance. 
There  is  no  que^on  that  in  a  certain  number  of  cases  of  gonorrheal  arthritis  and  in  inflam- 
mations iif  the  sheaths  of  tendons  the  gonococcus  has  been  found  microscopically,  and  pure 
culture''  have  been  made ;  and  alai  that  in  a  large  number  of  such  cases  no  bacteria  have 
been  idirntilird. 

Certain  peculiarities  of  the  fluid  in  the  joints  in  which  the  gono- 
coccus has  been  found  have  been  mentioned,  such  as  a  whitish -yellow 
tint,  turbid  appearance,  shreds  of  fibrin-like  material,  sometimes  almost 
purulent  in  its  appearance ;  it  has  also  been  occasionally  shown  that 
the  gonococci  are  more  numerous  on  the  surface  of  the  membrane 
lining  the  synovial  cavity  than  in  the  fluid. 

For  diagnostic  purposes  the  appearance  of  the  gonococci  in  pairs, 
their  characteristic  arrangement  within  the  cell-protoplasm  in  fresh 
pus,  staining  easily  with  the  ordinary  colors  and  not  staining  by  Gram, 
furnish  the  group  of  microscopic  appearances.  For  the  determination 
by  cultivation  Wertheim'.s  medium,  or  blond-agar,  should  be  used,  or 
XVrijjht's  urine -serum -agar,  as  described  below. 

Inne-M-rum-agar  (Mallory  and  Wright,  p.  132)  is  useful,  as  demonstrated  by  Wright, 
f.  r  ;h<r  vultivation  ol  the  gonococcus.  To  a  quantity  of  melted  agar-agar  nl  40°  C.  is 
1-1  !r<l  a  mixture  of  I  part  urinr  and  z  parts  beef  blood-serum  equul  10  '(  to  ij  the  vulume 
-.1  thi'  agar-agar.      The  mixture  rif  urine  anil  -enim  is  fr<*d  fmm  bactcri.i  liy  iMs-sing  through 

I  '  lumlK-rland  filter.      The  mixture  is  allowed  lo  soliilify  in  lest  lubes,  and  must  be  tested 

II  t  i...rit4minn(ii.n  in  the  incubator. 

Soft  Chancre. — Ki>r  «ime  year*  little  attention  was  paid  l<i  this  lesion,  because  there 
s  !•  .1  H I'lrspiracl  opinion  that  il  wa--  a  lilth-disi'asr  ;  but  Inter  iibservatiiins,  notablv  thiise  of 
I ',:  r--*  and  I'nna,  have  shown  the  consLinl  presence  of  a  bacillus  In  this  fiirm  of  ulcrralion, 
j»i  no  olhn,  although  it  has  not  been  possible  to  cultivate  it  upon  artilicial  media.     It  is  a 
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small  aval  rod,  about  1.5  fi  in  length  and  0.5  ft  in  breadlh,  and  occurs  in  the  dischai^e  from 
the  surface,  or,  in  sections,  more  deeply  Eiilualed  than  other  bacteria,  in  hunches  and  in 
chains  that  may  be  stained  in  cover-glass  prepatations.  Great  care  must  be  taken  not  to 
decolorize  loo  strongly,  fur  the  bacillus  itself  is  easily  decoloriied. 

Syphilis. — I'he  bacillus  of  Lusteanen,  described  shout  fourteen  years  ago,  is  the  only- 
one  that  has  ever  been  ascribed  to  fiiis  disease  with  any  appearance  of  probability ;  and 
while  it  resembles  in  certain  respects  both  the  bacillus  of  lubeiculosis  and  the  smegma 
bacillus,  it  may  be  ditferentialed  from  either  of  them  by  a  special  method. 

Lustganen's  staining  of  the  tissues  to  deraonslnile  the  bacilli  was  as  follows  :  Place  the 
sections  for  from  twenty-four  to  forty-eight  hours  in  anilin-water  gentian  violet ;  then  wash 
in  alcohol,  and  place  for  ten  seconds  in  a  ifi  percent,  solution  of  potassium  permanganate; 
decolorize  with  sulphurous  acid  (35  per  cent,  solution)  to  remove  the  brown  precipitate  as 
well  as  to  decolorize  the  tissues ;  wash  in  water  ;  dehydrate  and  mount. 

Uke  the  bacillus  of  soft  chancre,  this  syphilis  bacillus  has  not  been  successfully  cultivated. 
Hueppe's  method  of  differentiating  between  the  syphilis,  smegma,  leprosy,  and  tubercu- 
losis bacilli  is :  i.  Treat  the  preparation,  stained  with  carbol-fucbsin,  with  sulphuric  acid  ; 
the  syphilis  bacillus  becomes  decolorized  almost  instantaneously,  2.  If  not  at  oiKe  decol- 
oriied, treat  with  alcohol ;  this  will  remove  the  color  from  the  smegma  bacillus.  3.  If  still 
not  decolorized,  it  is  either  the  bacillus  of  tuberculosis  or  that  of  leprosy.  (Adapted  from 
Abbott's  Baittriolon. ) 

Dlptococcus  PllMlinonl«  (Frankel'spneuniococcDs;  Microbe  of  Spulum  septittmia  ; 
MicroftKcta  Pastntri ;  Dip/ococeus  lanffolattti). — Under  these  headings  may  be  placed  a 
description  of  the  diplococcus  that,  while  not  usually  producing  primary  surgical  results, 
may  often  occur  associated  with  the  pyogenic  cocci.  It  is  of  grave  importance  in  medicine. 
It  occurs  not  infrequently  in  the  saliva  of  healthy  persons,  with  great  abundance  in  the 
eipectoiation  of  certain  forms  of  pneumonia,  and  has  been  studied  associated  with  the 
septic  cocci. 

The  best  method  for  securing  a  pure  culture  is  by  subcutaneous  inoculation  of  material 
containing  it  (Plate  3.  Fig,  l)  in  rabbits  or  guinea-pigs ;  in  which  case  the  animals  die  in 
from  twenty-tour  to  forty-eight  hours,  and  the  blood  and  tissues  are  found  to  be  tilled 
with  this  micro-organism.  It  is  an  ova!  coccus,  occurring  usually  in  pairs,  and  may  be 
stirrounded  by  a  capsule.  The  colonies  are  not  apparent  upon  ordinary  gelatin  plates 
or  in  gelatin  ti^es,  for  the  reason  that  the  bacterium  does  not  grow  below  33°  C.,  so 
that  cultures  are  best  seen  after  development  upon  agar  at  the  temperature  of  the  blood. 
In  this  case  the  colonies  appear  as  minute,  almost  transparent  drops,  looking  almost  like 
small  drops  of  water.  They  grow  best  upon  blood-serum,  as  an  almost  transparent  tine 
along  the  needle-track,  with  isolated  colonies  at  the  ed^es,  later  becoming  more  or  less 
confluent.  The  colonies  on  agar  plates  are  almost  inviKihlc,  but  may  be  seen  by  means  of 
a  low-power  lens,  and  appear  to  have  a  compact,  linely  granulated  center,  with  almost 
translucent  edges.  There  is  a  slight  cloudiness  produced  in  bouillon,  which  later  settles  to 
the  bottom  of  the  test-tube.  There  is  no  visible  growth  ujion  potato.  It  is  very  difficult  to 
keep  the  cultures  alive,  and  to  do  so  they  must  be  renewed  every  three  or  four  days,  and 
even  then  are  fairly  certain  to  die  out  in  the  course  of  two  or  three  months.  It  is  impossible 
to  retain  the  virulence  of  the  micro-organism  under  cultivation.  Tliis  must  be  done  by  the 
passage  through  animals.  Its  growth  is  slow  except  at  the  tcmpeiature  of  the  body.  It 
does  not  produce  spores,  does  not  liquefy  gelatin,  does  not  produce  gas,  is  facultatively 
anaerobic,  stains  with  the  ordinary  dyes  and  by  Gram's  method,  and  produces  septicemia 
upi^n  subcutaneous  inoculation. 

Tuberculosis. — The  bacillus  of  tuberculosis  occurs  in  all  lesions  of  the  disease.  It 
is  a  small  rod,  on  the  average  from  2.5  to  3.5  /i  in  length  and  O.J  ^  in  breadth.  It  occurs 
singly  or  in  pairs,  arranged  either  end  to  end  or  like  the  arms  of  the  letter  V.  It  is  non- 
motile.  The  unstained  portions  of  the  md  have  been  by  some  su|)posed  to  be  spores,  but 
this  is  not  generally  accepted.  It  does  not  grow  upon  ordinary  gelatin  or  upon  ordinary 
nutrient  agar.  It  docs,  however,  develop  upon  both  of  these  media  if  from  6  to  8  per  cent. 
of  glycerin  have  been  added  to  them  (Plate  j.  Fig,  3).  Its  best  growth,  however,  is  found 
upon  blood-serum  at  the  temperature  of  the  htxis.  On  this  medium  its  colonics  present  a 
characteristic  appearance.  They  are  seen  hrsl  as  snull  browni^ -yellow  dots,  and  never 
before  the  eighth  or  ninth  day.  They  increase  in  siie.  coalesce,  and  form  a  heavy,  wrinkled, 
dirty-brown  or  cream-colored  layer  extending  outward  three  or  four  lines  on  each  side  of 
the  needle-track,  and  in  undisturbed  cultures  grow  upon  the  surface  of  the  water  of  con- 
densation, leaving  the  fluid  below  perfectly  clear.  Once  seen,  these  colonies  are  almost 
unmistakable  for  anything  else.  The  grrjwth  u|nin  potato,  which  is  sometimes  seen,  but 
not  always,  presents  similar  characteristics.  The  bacillus  is  of  slow  growth,  develops  only 
at  the  icm]wmture  of  the  body,  does  not  liquefy  gelatin,  probably  does  not  produce  spores, 
produces  no  gas  or  odor,  stains  with  difficulty  with  the  ordinary  anilin  colors,  decolorizes 
with  equal  difficulty,  and  produces  tuhercut()sis  ujwn  inoculation  in  all  susceptible  animals. 
The  ditficulties  in  cultivating  the  bacillus  of  tuberculosis  would  present  an  almost  insuper- 


Fni.  I. — (innncfKCUs  in  pus  slaintd  by  Neisi>er's  method:  camera  ludila,  oc. 
iiiiniersiiii)  ,'.  (Zeiss). 

Flc:.  2. — Croupous  piicuinouia  s|>utuiii,  showing;  FrAukers  diplocofcus  and  ca( 
Zichl's  carlH>L'Fuchsiii ;  cameru  luctilA,  ac.  4,  oil  iininersion   ^^   (Zeiss). 

F:i..  J, — Uacillus  tulirculosis  in  sputum;  K<^li-Elirlic1i  stain ;  cameia  luciila,  oc 
immtr^ion  ^j  (Zeiss). 

Fig.  4. — Bacillus  (ubciculir^is  in  huiu.in  i-Iaiid  ;  Kocli-Khrlich  stain;  camera  tnci' 
4.  oil  immizrsioii  j'^  iZt^iss). 

Fii:.  5. ^Bacillus  actiiiomyces  in  human  glandi  stained  by  Gram's  method;  ■ 
lucida,  oc.  4,  obj.  5  (Zi-is5). 

Fill.  C.  —  Anllirni  liacilli  in  tlie  heart's  blood  of  a  mouse;  fuchsin ;  camera  lucida 
oil  nnmersion  V:  (Zeiss). 
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Hx  nbMcle  to  ibe  diagiK»4«  of  lubcrcutous  processes  by  this  method.  Fonunately,  how- 
ori,  Ehrlich  sIiowhI  lli«l  this  hacillu-'  has.  u  special  staining  rpaclion  hy  which  ii  may  be 
dLilrmiEutnt  from  any  oilieT^  wUh  which  il  is  hkcly  (u  be  eonfoundtt).  Takin|r  Bdvnnla^e 
(iC  ihe  rcsiUace  of  lhi<^  bactFitum  tt>  tht'  dccokirifing  sclion  of  ihe  niinenil  aci'K  Koch  and 
Ekrikb  Viifked  out  a  ihfTereitlial  ^Iani.  than  which  no  belter  melhod  ha^  evei  been  suggested 
fci  llic  detection  of  ^tnall  numbers  of  the  bacilli  in  suspected  maleiial.  Foe  cover-glasses 
ths  nKihod  i»  as  folloto  - 

I.  Cover- gU-iLses  prepared  in  the  ukubI  way  ure  stained  over  nighl- — belter  for  twenty-rout 
hM»_in  uiilin-water  fuchsin  for  gentian  violet),  i.  Transfer  at  (he  end  of  that  time  to 
umc  K>d  |1 : 4)  for  a  few  KCond&,  3-  Place  in  60  per  cent,  alcohol  for  one  minute  to 
aniiriftF drcolorizing.  4.  Wa^h  in  water.  5.  Stain  in  watery  methylene  blue  (or  vesiivin. 
if  pntun  niolet  was  the  first  slain  used )  for  one  to  two  minutes ;  wash  thoroughly ;  dry 
o'c'Dlijr;  tnount  in  oit  of  cedar  or  Canada  balsam   f  I'latc  3,  P'ig.  3}. 

Vnions  are  siained  in  precisely  the  same  way,  with  the  enceplioii  that  in  place  nf  the 
Mine  wid,  I  part  to  4,  >  little  stronger  bath  of  nitric  acid  is  used,  1  part  to  3,  because,  the 
>cuiiii>  bring  thicker  than  the  lilm  on  the  covei-gtass.  a  somewhat  stronger  decolniiiing 
•fnt  n  nncssary.  Of  course,  after  the  washing  following  the  use  of  the  methylene  blue. 
■lit  iMions  an  (o  be  dehydrated,  cleared  In  oil  of  ccdat,  and  mounted  in  Canada  balsam 
("tej.  rig.  4). 

TV  «ftciency  of  this  stain  lies  in  the  fact  that  the  nitric  acid  appears  to  exert  some 
™wl coagulant  (?)  action  ufton  the  capsule  of  the  bacillus  itself.  This  action  is  practically 
aHMumnu,  and  results  in  ptacii;g  the  capsule  in  such  a  condition  that  it  resists  the  further 
^BCciDtUiog  Action  of  the  oivric  acid,  so  that  the  bacillus  remains  stained.  This  is  not  true 
Hk  odter  bacilli :  all  other  bacteria  are  completely  decolorized,  except  the  bacillus  of 
IqnHyaBd  the  smegma  bacillus ;  and  if  the  Miurce  of  the  material  allows  any  possibility 
•iMalBiion  with  these  two.  Ibe  method  of  differentiation  already  given  will  serve  to  put  an 
"d  lo  aoi  doubt. 

The  inelbod  as  given  by  Koch  suggests  the  use  of  gentian  violet  as  the  first  stain  (with 
hcku  11  the  second  choice)  and  vesuvin  as  the  contrast  stain  (with  methylene  blue  as 
iW  KCCod  choicei.  the  result  of  which  would  be.  of  course,  a  blue-stained  body  upon  a 
■Avagmand  ;  vhilst  the  method  preferred  here,  gives  red-stained  rcKis  upon  a  blue 
(nud.  This  is  the  result  that  has  been  found  by  far  the  most  useful,  for  it  is  much  mote 
(i^farlb*  eye  of  the  average  student  to  detect  a  minute  red  body  upon  a  blue  ground 
■kn  tl  u  tu  6bd  a  Tiiinule  blue  body  upon  a  brown  ground.  Much  objection  is  constantly 
Hoed  to  this  method  of  staining  because  of  the  lime  that  must  elapse  before  the  malerial  is 
rfiif  the  inicroscope.  and  mnumeiable  short  ready  methods  have  been  suggested,  not 
which  is  as  reliable  as  this,  but  many  of  which  are  much  more  Used. 
'  mm!  common  of  these  is  the  so-called  Ziehl's  method.  In  this  method,  as  in  the 
'Am.  iilTantage  IS  taken  of  the  resistance  of  the  bacillus  of  tuberculosis  to  decoloriiing 
As  in  the  lirst  method  given  the  anilin  oil  is  used  as  a  mordant  to  intensify  the 
I  el  the  lirsl  slam,  so  in  this  melhod  the  aid  of  a  still  nronger  mordant  is  sought  and 
I  in  carbolic  acid.  The  tirsl  procedure  in  the  Zichl-Nielsen  melhod,  which  is  applicable 
)  cmcr-glasses,  is  as  follows :  Cover-gls<.w;s  prepared  after  the  usual  method  are 
HI  caAol  fuchsin  for  Ihiny  minutes  |  this  time  may  be  shortened  to  ten  minutes  by 
^  Ibe  Alaining  fluid);  decolorize  in  sulphuric  acid  \  I  part  to  4}  for  a  few  seconds; 
\  in  water  :  a  conlrail  stain  is  obtained  hy  watery  inclhylene  blue  for  two  or  three  min- 
Ae  cover-giants  are  then  ihoroughU  washed  in  water,  carefully  dried,  and  mounted, 
k  Vthud,  a*  there  is  a  stronger  mordant  used  in  the  carbolic  acid,  so  there  is  a  stronger 
Dl  u*ed  in  Milphuric  acid.  Kiperietice  has  demonstrated  that  while  this  stain  may 
I  lor  thoviu;  the  presence  of  large  numbers  of  bacilli,  il  cannot  be  relied  upon 
I  Aan  ate  bal  lew,  Of  this  method,  as  of  all  the  short  methods  yet  presented,  il  may 
I  ibal  if  on*  fin'U  n«it  stained  red  on  a  blue  ground,  the  presence  of  Ihc  bacilli  may 
iwlcdged  :  yet  if  such  tods  are  not  found,  ihe  absence  of  the  lucilli  cnnnot  with 
caMcnnl, 
9'*  methoil  t»f  Gaining  xt-  one  freijuently  us«d.  ciimbining  the  decolorizing  and  the 
I  Main.  1.  .Stain  covrr-glaSAes  wilh  carbol-tuchsin.  hot.  for  one  minute.  I.  Wash  in 
tts.  ]-  One  half  minute  in  liabbet's  meihylcue  blue  (Methylene  blue  s.  sulphuric  acid 
^  wmtar  75^'      4'    Wahh  thomughly.  <lry.  and  mounL 

tCMOmntllK  ni<pectrd  material    for  pur)>ose<  of  diagnosis  in   luberrulosii.  cover-glass 

\  are  10  \tt  made  in   quite   large  numbers,  and   thorou^hlv   studied   afler  being 

raarornKirrul  the  meth>nls  su^^jested  ;    but  inoculation caperitnenis  are  uimeiimes 

I  wfaaB  the  microstopit  rinnimaiinn  fails,  so  thai    reeoutvt  ,h<iu^d  be  had   ti.  these 

I  capefUnenLs  if  the  matter  of  dirignosi>.  is  one  of  importance  an'l  the  micioscopic 

a  hM  (ailed  m  deniiiiKlrale  the  tutcilti.     Imx^ulalion  eipenment.-.  are  more  com- 

I  Weotw^rj  in  the  diagnosis  nf  surgical  tul>eti:u1o»is  ihan  in  tither  torms  of  the  discaie. 

Eilhu  M>|t  more  often  |nevnl  m  the  gmmilDtions  and  lining  membranes  nf  nbsccu- 

I  M  ia  to  b«  looked  for  rsiieclally  in  these  tissues  rather  than  in  Ihc  contained  lluid. 
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QtaNdcr*. — GUndcn  ocran  not  infrequenilr  id  human  bdi^  by  direct  infectioD  from 
dis^ucd  uuhbIl  (Jccasioiully  i(  is  i  mider  of  impiHtaiicc  lo  be  able  lo  make  ■  differential 
iliagDiHS  between  thi«  diseate,  as  manire«ted  in  the  buman  subject,  and  ceiuia  other  condi' 
tiDiu.  Thrre  is  a  sprcific  bacillus  connnrled  vilh  (he  disease,  disforered  bv  I^flffler  and 
Scbou,  the  annotinceinent  being  made  in  iSSz.  The  bacillus  which  is  found  in  the  lissuex 
aSeded  hat  been  subjected  lo  obserralion  under  artificial  conditions,  and  the  disease  has 
ben  irprodDced  upoD  iikoculation.  The  bacillus  is  a  small  lod.  fima  1>3  /i  in  length, 
cither  ttraighi  or  slightly  curved,  and  with  round  ends  ( Plate  I,  Fig.  4).  Pi»tioiis  of  the 
Rouiplasin  not  iofrequentljr  refuse  to  take  the  stains,  and  somewhat  reaeinble  spores. 
Tbe  glandeis  badllns  is  oon-roolile.  Satisfactorv  study  of  the  colonies  in  f;elatin  ooDot  be 
obtained,  lor  the  reason  thai  the  glanders  bacillus  does  not  develop,  excepting  very  slightly, 
briow  15'  C.  On  agar  the  culture  appears  along  the  necdle-liack  as  a  grayish- white,  slightly 
transfiareiil  laver,  moist  and  slimy,  which  later  becomes  of  a  brownish  color  On  blood- 
sonm  Ifae  giuwlh  is  somewhat  similar  but  more  (nnsluceot,  separate  colonies  occurting  in 
Ibe  fonn  01  round,  almost  clear  drops.  Blood-serum  is  by  far  the  best  meditmi  for  its  devel- 
OpmenL  In  bouillon  there  is  at  tiist  a  uniform  cloudiness,  which  later  settles  lo  the  bottom, 
iijtmii^  a  thick,  Hoccolenl  deposJL  On  potato  the  glaikders  bacillus  grows  very  well  at 
blood  lempeiatuFc,  forming  a  marked,  elevated,  lianslucenl  yellowish  growth,  almost  like 
dear  honey  ;  laler  the  growth  becomes  darker  and  more  opaque,  until  at  about  Ihe  end  of  a 
week  it  lakes  on  a  reddish-bniwn  or  chocolate  color,  while  the  potato  at  the  maif^n  of  the 
Colony  often  shows  a  greenish -yellow  stain.  This  growth  is  cbaiacleristic  of  the  glanders 
bacillus,  taken  in  connection  with  the  microscojHC  appearance.  The  development  of  the 
badllus  is  rapid  at  blood  lempctalur«.  It  pnifaably  does  not  produce  spores,  for,  although 
h  is  DM  killed  at  once  by  diying,  it  loses  its  vitality  in  about  two  wecki  in  a  dry  state,  f^c 
collutes  retain  iheir  vitality  for  from  two  to  four  months  if  removed  from  the  incubator  after 
growth  has  occurred,  but  they  die  quickly — in  from  three  (o  four  weeks — when  kept  COD- 
Hanlly  at  Ihe  body-temperature.  They  have  bul  slight  powcis  of  resistance  to  heat  and 
antiseptics ;  all  of  which  tends  to  show  Ihal  they  do  not  produce  spores.  The  bacillus  docs 
not  liquefy  gelatin,  nor  does  il  produce  gas;  it  produces  Ihe  yellowish  honey-like  color.  It 
Mains  with  Ihe  ordinary  watery  solutions  bul  faintly,  and  decoloriies  very  readily  indeed,  so 
■hat  a  birly  strong  stain  should  be  used  in  the  hm  place,  and  very  mild  measures  of  decol- 
Orization  should  aberward  be  employed.  The  alkaline  methylene  blue  of  LMBer  for  five 
minutes ;  then  decolorize  for  a  few  seconds  in  a  mixture  of  water  10  c.c,  10  drops  of  a 
strong  solution  of  sulphurous  acid,  and  1  drop  of  a  5  per  cent,  solution  of  oxalic  acid  (a* 
recommended  by  L6(fler).  Muir  and  Ritchie  obtained  the  best  results  with  catbol-ThioniD- 
blue,'  dehydrating  by  ihe  anilin-oil  method.  In  using,  dilute  1  pari  with  3  parls  of  water, 
and  filter.  Slain  sections  for  live  minutes  ot  upward.  Wash  very  thoroughly  in  water,  to 
prevent  later  deposit  of  crystals.  Decolorize  with  very  weak  acetic  acid  (a  few  drops  lo  a 
glassful  of  water).  Wash  thoroughly  in  water.  Dehydrate,  and  clear  with  anilin  oil,  then 
with  anilin  oil  and  xylol  equal  parts,  then  with  xylol.  This  bacillus  does  not  stain  by  Gram's 
method. 

The  diagnosis  of  glandcn  may  be  readily  made  by  taking  idvaDtage  of  the  peculiar 
affinity  thai  the  glanders  bacillus  has  for  the  testicular  tissue  of  Ihe  guinea-pig.  If  a  small 
portion  of  ihe  suspected  material  be  injected  subcutaneously  over  the  abdomen  of  a  male 
guinea-pig,  ihe  leslicles  will  become  much  enlarged  in  from  iwency-four  hours  to  three  days 
if  the  glanders  bacilli  be  present.  Microscopic  examinalion  of  tissue-scrapings  will  show 
Ihe  presence  of  the  bacilli  in  large  numbers. 

Leprosy. — Leprosy,  so  far  as  surgical  bacleriology  is  concerned,  need  be  spoken  of 
only  to  say  Ihal  in  Ihe  lesions  there  always  occur,  especially  in  the  lubercular  fonn,  large 
numbers  of  bacilli  ihal  microscopically  and  in  staining  reaction  resemble  very  closely  the 
bacillus  of  tuberculosis.  They  are  present  for  Ihe  mosi  part  within  the  protoplasm  of  tbe 
round-cell  inlillralion,  and  are  finuenlly  arranged  in  bundles  lying  side  by  side  1  occa- 
sionally one  or  iwo  are  found  on  the  surface  epithelium,  although  for  the  most  part  they 
are  confined  lo  the  leukocyles  and  the  connective -tissue  elements.  They  have  not  been 
satisfactorily  culltvaled  outside  of  the  body.  For  microscojMC  observation  cover-glass  prep- 
arations may  be  made  from  any  ulceralions  found,  or  from  scrapings  from  a  portion  of 
excised  tissue.  They  may  be  stained  by  Gram's  method,  or  by  carbol-fuchsin,  using,  fat 
decolorizing,  a  weaker  solution  of  sulphuric  acid  than  in  Ihe  case  of  the  bacillus  of  tubercu- 
losis, for  [he  reason  ihat  the  bacillus  of  leprosy  is  decolorized  more  easily  than  is  Ihe  bacillus 
of  tuberculosis.  A  contrast,  stain  may  be  obtained  with  the  watery  solution  of  methylene 
blue. 

ActinomycoslB.— 1'he  fungus  producing  ihis  disease  is  nol  a  true  bacierium,  but  it  is 
of  great  interest,  because  certain  ca^es  of  suri^ical  disturbaikce  are  produced  by  it  \  and  by 
observation  of  Ihe  actinomycosis  fungus  a  differential  diagnosis  from  tuberculosis  or  other 

'  Carbol-  ThioniH-Blut. — Stock  solution  of  1  gm.  Thionin-blue  in  lOO  c.c.  Csif>olic-acid 
solution,  I  :  40. 
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l-nwj  not  inrrequenlly  be  made,  tn  the  tissues  the  fungus  fonns  little  round  masses, 
lirgcst  being  of  the  siie  of  a  small  pin's  head,  lying  free  in  the  pus,  if  the  breaking 
down  of  the  tissues  has  gone  s>i  far  as  tiuppumtion,  or  embedded  in  the  gmnular  tissue. 
TTj**  nmy  be  of  various  colors,  usunlly  described  ns  yellow,  but  this  is  not  the  roost  common 
apptaiance.  They  are  more  freijuenlly  while,  grceniah,  or  nlmosl  black,  whilst  they  may 
b«  iJso  transparent  or  jelly-like.  Under  the  microstope  there  occur:  1.  Filaments  o"  'he 
■>erage.  o, 5  u  in  diameter,  and  often  i)f  considerable  length  (Plate 3,  Fig.  5  1.  In  the  center 
«f  the  colony  these  lilaments  are  frequently  inlerEaced,  and  at  the  edgeA  often  spread  out  in  a 
WOK  M  less  symmetrically  radiating  manner.  The  name  "lay  fungus"  has  been  given 
becsnsc  of  this  appearance.  2.  Cocci  or  conidia.  which  are  spherical  bodies  formed  fj^m 
the  liUnmls.  probably  by  transverse  subdivision.  J.  Club  shaped  bodies  found  at  the 
periphery  tif  the  colunies,   and  really  the  filaments  with   swollen  sheaths. 

Thdc  argani^^ms  <]o  not  stain  by  Crram's  method,  but  take  the  con  I  msL -stain.  They  do 
not  alwajs  occur  in  affected  liuin.in  liasues.  but  may  be  found  very  frequently,  practically 
always,  in  the  ox,  and  in  the  tissues  from  this  animal  they  retain  the  gentiaji  violet  in  Ijram'a 
Oin. 

Tlie  origin  of  this  parasite  is  probably  on  groin,  especially  on  barley.  The  oblnining 
af  pDi*  cnlturcs  is  extremely  difliculi.  and  while  growth  occurs  at  the  ordinary  temperature 
of  the  raom.  it  is  very  slow.  Portions  of  the  tissue  should  be'broken  up  on  the  surface  of 
|i^eTUi-agaT  and  placed  at  the  temperature  of  the  body.  If  there  are  no  other  bacteria 
poeat,  in  three  or  four  days  the  colonies  will  appear  in  the  form  of  small  transparent  drops, 
[iMlually  enlarging,  formirig  rounded  elevations  of  a  red  dish -ye  I  low  color.  The  colonies 
lie  dolt,  idbere  to  the  surface  of  the  agar,  and  sometimes  have  11  u-riiikleil  surface  and  an 
■tfcanuicc  as  if  they  had  been  coveted  with  a  brownish-yellow  powder.  The  parasite 
Iiows  well  also  in  the  anaimbic  condition  on  agar.  Unopened  eggs,  either  fresh  or  boiled, 
tave  alto  been  nwd,  the  inoculation  being  made  thiuugh  a  small  hole  drilled  in  the  shell, 
vhich  is  afteTWarrl  closed.  On  gelatin  whole  spherical  colonies  appear,  and  there  occurs 
my  slow  liquefaction,  the  liquelied  portion  being  bruwnlsh  and  thick,  with  the  colonies  at 
Aie  thXIiim  as  little  balls.      The  growth  upoxi  poluto  is  verv  similar  to  that  upon  agar. 

Anthrax  1  KiW/L-rf/n'  tiiseasf:  ilalignoni puslult :  Spltni,- fffer) . — This  process,  with 
m  hacillui.  is  of  great  interest  because  it  is  one  of  the  first  in  which  the  bacteria  were  con- 
DKirvl  mih  disease ;  by  reason  of  the  fact  that  the  action  of  germicides  is  tested  upon 
lotVini  spores ;  and  because  it  was  one  of  the  first  affections  in  which  immunity  by  the  use 
<i  inenDitcd  cultures  was  sought  to  be  obtained. 

The  hicilli  occur  in  the  blood  and  tissues  of  man  or  animals  attacked  by  anthrex 
(Plate  3.  Kig.  61.  They  are  from  6  to  S  ^  long  and  about  I.I  ^  broad,  with  square  or  slightly 
oacitr  ends.  They  somclirnes  occur  in  long  chains,  frequently  in  pair^  arranged  end  to  end. 
T^tfain  well  with  all  the  basic  anilin  colors,  and  by  Gram's  method,  although  a  cautious 
mibcnion  of  the  decolorizing  fluid  is  necessary  in  order  to  avoid  removing  the  gentian 
lilfl  fniB  Duny  of  the  bacilli.  I  >n  gelatin  plates  the  colonies  develop,  in  from  twenty-four 
•  lainyrii  hours,  as  very  wavy  bodies,  radiating  from  the  center  outward  like  locks  of  hair. 
'd  >  ilii  or  two  a  liquefaction  begins  which  slowly  extends  through  to  the  bottom  of  the 
ptuiB,     tn  gelatin  lubes  an  appearance  is  seen  similar  10  that  of  the  colonies  in  gelatin 

t.  thr  gmwih  appearing  alun^  the  needle-track  as  a  whitish  line  sending  out  radiating 
ud  presenting  the  appearance  of  an  inverted  fir-tree,  whitish,  and  accompanied  by 
■^Mtttod  dowly  pn^ressing  downward  from  the  upper  portion  of  the  gelatin.  In  agar 
P*i  ibc cnlonies  are  apparent  twelve  hours  after  incubation  at  a  temperature  of  j/"  C, 
■*•  t  Lnr  power,  presenting  this  very  marked  wavy  apiJcarnnce.  Under  a  high  power 
**  **T  ippeaiance  apparently  radiates  out,  and  terminates  not  in  a  point,  but  in  a  turn 
5*  ll»lfi  XI  that  il  IS  probable  that  the  entire  colony  is  a  thread  twisted  on  itself.  On 
■•■Ace  of  agar  there  is  a  moist,  profuse  growth,  slightly  elevated,  and  whitish  in  color, 
"•"l^  the  wrvslhed  appearance  thai  is  seen  in  plate-cnllurc*.  The  colonies  on  blood- 
,  ^  *»*  the  same  as  on  agar.  In  bouillon  there  appears  a  shreddy  growth  that  later 
t"^*"  tanrr  abundant,  settling  as  a  llcKculenl  mass  to  the  butloni  of  the  Huid.  On  potato 
■~*  I'  »  thick,  moist,  whitish  layer,  without  any  special  characteristics.  The  bacillus 
P**'  Opiilly.  producing  spores,  does  not  produce  gas,  liquefies  gelatin  slowly,  does  not 
^t''*  pgment,  is  stained  readily  with  any  of  the  anilin  colors,  and  usually  by  Gram's 
^^^  nad  ii  pathogenic  to  all  susceptible  animals. 

^  ibfnaitic  purposes  cover  glass  prrfiarations  may  lie  made  fiom  the  fluid  in  the 
T^^Offcwa  scrapings  of  the  incised  pusiule.  and  may  be  stained  with  w-atcry  solutions 
? 'ff  "rf  the  anittn  color-,  and  by  Gram's  mcthiKl.  The  bacilli  are  not  usually  found  in 
"^■•4  Muit  and  Kitchie  give  a  very  wise  caution  that  the  parts  should  be  handled 
y*HT«Bd  genlly  in  attempts  at  diagnosis,  otherwise  the  diffusion  of  the  bacilli  into  sur- 
^^(liBiio  may  be  fiirceil,  and  the  condition  greatly  aggravated.  Plate-cultures  should 
*T^Hd>,  a*  well  at  inoculations,  if  [lositive  results  are  not  obtained  by  the  micn>sco]ic 

■((■■■l. — llie  etiologj  of  tetanus  was  slow  in  development,  from  a  bacteriological 
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poinl  of  view,  for  (he  reason,  dcmointral«l  aflcr  a  long  series  of  iovcstigalions,  Ihatj 
bacillus  of  telHnus  does  not  usually  grow  eicepling  under  anacmbic  conditions. 

This  bacillus  was  first  dciicribed  by  Nicolaier  in  1885.  bui  Kilasato  was  Ihe  first  taj 
cced  in  cultivating  it  separate  fiom  uthcr  batlena.  The  bucillus  itself  is  from  4  to  5  ^  If 
and  0.5  /i  btiiad,  with  somewhat  rounded  ends  (I'tnlc  I.  Fig.  5 ).  and  without  any  spet 
characlerisdcs  except  when  it  is  in  the  spore -prc>duciiig  stage.  In  tbis  case  the  spore  occ 
al  one  end  of  the  rod.  '\i.  round,  and  has  a  dioiiieler  three  or  four  limes  the  thickness  of  I 
rod.  In  specimens  stained  with  a  walery  solution  of  gentian  violet  or  methylene  blue' 
spores  are  unstained  excepting  at  the  edges,  so  that  the  appearance  of  a  small  ring  is  \ 
duced.  The  rods  occur  singly  or  in  threads.  The  bacilli  ate  motile,  antj  when  stainet 
demonstrate  the  cilia,  they  are  seen  to  occur  either  singly,  or  al  both  ends,  or  all  about ' 
rod.  ' 

Inasmuch  as  the  bacillus  docs  Tint  usually  grow  eicepling  under  anoeroliie  condilU 
ordinary  plate-cultures  are  not  commonly  attempted  for  obtaining  the  pure  cultures  from:' 
discharge  in  which  ihe  spore-bearing  tetanus  bacilli  have  been  seen.  Muir  and  Ril( 
suggest  (he  following  method  : 

Inoculations  with  ihe  suspected  inaleriitl  are  made  in  half  a  dozen  deep  tubes  of  gltio 
agar,  previously  melted  and  kept  al  a  (emperalurc  of  100°  C.  After  inoculation  ihcse  B 
are  again  placed  in  boiling  wdter,  an<i  kept  for  varying  times— from  half  a  minute,  lo  i 
two,  three,  four,  live,  or  sii  minutes  ;  they  are  then  plunged  in  cold  water  until  cold,  and' 
afterward  placed  in  an  incubator  al  37°^','"  the  hope  thai  in  one  or  the  other  of 
lubes  all  the  organisms  present  will  have  been  killed  except  the  tetanus  spores,  which 
develop  in  pure  culture.  The  isolation  of  the  tetanus  bacilli  is  in  many  cases  a  diffi 
tnatter,  and  various  expedients  mu^tt  be  tried.  If  this  attempt  at  securing  pure  culture! 
successful,  further  cultures  can  be  made  in  deep  upright  lubes  of  glucose  .gelatin  or  « 
In  agar  the  growth  is  not  characteri.stic.  the  colonies  appearing  as  small  nodules  along 
needle-track,  with  very  slight  formation  of  gas;  in  glucose-gelatin  ibe  growth  occun 
inch  or  two  below  the  surface,  and  consists  of  line,  straight  threads,  rather  longer  in 
lower  ihan  in  the  up]>er  pari  of  the  lube,  radiating  out  from  (he  needle-track,  together ' 
slight  li^juefactton  and  slight  gas- forma  lion.  Growth  also  occurs  in  blood-serum  and 
cose-bouillon  under  anaerobic  conditions.  Itv  far  the  best  development  is  at  a  tempem 
of  37°  C.  and  only  in  the  absence  of  oiygen.  the  bacillus  being  anaerobic.  Sporei 
produced  at  the  end  of  twenty-four  hours  in  cultures  grown  at  37°  C,  much  later  at  Ii 
temperatures.  The  bacillus  produces  gas  in  sugar  media,  maybe  stained  easily  by  on 
the  anilin  dyes  and  by  Gram's  method,  and  is  pathogenic  to  the  lower  animals,  reprodu 
the  disease  upon  inoculation  in  small  quantiiies.  There  is  very  Utile  l.i  be  found  m; 
scopically,  except  localized  punctate  hemorrhages  in  the  spinal  canal  ;  not  much  chl 
occurs  in  the  other  organs  of  the  body. 

Attempts  have  been  made  lo  determine  the  nature  of  the  tetanus  toxin — for  with 
disease,  as  with  diphtheria,  the  main  symptoms  are  the  result  of  the  action  of  toxin  prod- 
during  the  growth  of  ihe  bacillus — and  very  enlensive  experiments  have  been  conduct! 
the  direclinn  of  securing  an  antitetanus  serum. 

The  experiments  in  the  production  of  immunity  against  tetanus  in  animals  have  I 
successful  ;  but  the  use  of  the  serum  of  immunized  horses  in  cases  of  human  tetanus  ha] 
been  equally  so,  probably  because  the  symptoms  of  tetanus  do  not  appear  sufiieiently  ma 
until  the  yjrogress  of  the  disease  has  passed  beyond  the  stage  at  which  curative  Irealme 
likely  to  be  successful. 

For  the  bacleriologic  examination  of  a  suspected  case,  there  should  be.  hrsl,  the  m 
scopic  examination  of  the  secretion  from  the  wound,  which  may  easily  fail  unless  the  d 
stick  forms  are  found:  cultures  in  deep  tubes  of  glucose.ogar  or  glucose-gelatin  shotil 
made,  kept  at  the  temperature  of  the  body  for  Iwenly-four  hours,  and  then  examined,  1 
the  spore-bearing  bacilli  may  be  detected ;  finally,  inoculation  experiments  should  be 
upon  mice  or  guinea-pigs. 

Occasionally  it  seems  lo  be  true,  as  demonstrated  by  Theobald  Smith,  thai  ihe  let 
bacillus  will  grow  in  mixed  cultures  not  under  the  ordinary  anaerobic  conditions.  In 
cases  a  possible  explanation  is  that  the  oxygen  in  the  nutrient  medium  is  used  up  b- 
other  bacteria.  Advantage  has  been  taken  of  this  peculiarity  by  R.  M.  Pearce,  of  the  Bi 
City  Hospital,  who  has  succeeded  in  isolating  the  Iclanus  bacillus  from  a  mixed  cultui 
which  it  hiid  developed. 

MalJgnaRt  Edema. — This  disease  occurs  in  human  beings  as  a  spreading  inflan 
lory  edema,  accompanied  by  emphysema,  and  later  followed  by  gangrene  of  the  skin 
adjacent  parts.  The  disease  is  produced  by  the  bacillus  of  malignant  edema,  lirsl  desci 
by  Posteur  as  the  '■  vibrion  seplicjue,"  Like  the  bacillus  of  telsnus,  this  bacillus  is  pn 
not  uncommonly  in  garden-soil,  manure,  and  various  putrefying  fluids.  It  is  rather  a  ! 
bacillus,  occurring  in  rods  from  3  lo  lo  ;i  long,  not  infrequently  growing  out  into  long 
ments,  but  on  soliil  media  generally  occurring  a-,  short  rods  with  somewhat  rounded  i 
It  is  motile,  with  fiagella  placed  on  the  sides.      It  forms  spores,  which  arc  present  us 
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kl  iiboul  ibe  center  of  the  riKl.  As  lliis  bacillus  ilcvdups  unly  under  anaerobic  conditions, 
■I  laay  be  difiereolUled  by  ihi^  fad  alone  Trom  the  anlhroi  bicilliu,  which  it  somcwhal 
trsefublcA  under  Ihe  mJcroKopc. 

Id  gelatin  pUlei.  under  nnnerobic  conditions,  the  colonies  appear  a»  ^mall  whitish 
Tmnih.  which  under  a  Iqv'  power  show  ndialing  appearances  i^on  masked  by  a  zt>ne  of 
liaNbciioii.  In  deep  lubeh  u(  };luc(ise- gelatin  Ibe  gruwth  appear;  as  a  whitish  line,  giving 
00  annute  sbon  processes,  never  reaching  within  an  inch  of  the  lop  of  the  medium,  with 
ibc  QCCurreDce  of  liquefaclion  and  Ihe  setllii^g  of  Ihe  colonies  to  the  boIEom.  In  deep  tubes 
et  ^MiHe-aKar  at  a  temperature  of  37°  C,  ihe  ymwih  is  very  rapid,  as  a  broad  while  line 
AlOflf  ibe  line  of  puncture,  with  lateral  projections  here  and  there,  and  a  ver^'  profuse  pro- 
iSmtiUM  at  g>s.  i~he  cultures  have  a  petuliai  heai^  ixlot  that  is  quite  characteristic.  The 
fiowth  i»  rapid  ;  it  produces  spores  thai  arc  well  seen  within  fortyeighi  hours  at  37"  C.  ;  it 
pdvdoccs  gas,  lii^uenes  gelatin,  and  plains  easily  with  any  of  Ihe  anilin  colore,  but  not  by 
(j«ani's  mechJoii ;  upon  subciilaneoui  inoculation  in  any  susceptible  animal  it  producer  the 
cluncleTistic  ^rmptoins  of  widespread  edema,  gas- production,  and  gangrene. 

for  purposes  of  diagnosis,  the  microscope  is  not  particularly  useful,  for,  microscopically 
ibe  hadllut,  unless  in  the  stage  of  sjni re- prod uc lion,  docs  not  posse>s  characteristics  sufficient 
Id  idcBtifj  iL  Cultures  mav  be  made  in  glucose- gelatin  as  roll -cultures,  antl  kepi  under 
•■■CKitiic  tondilions.  If  the  bacilli  cunlain  spores,  the  fluid  may  be  kept  at  a  leingienilure 
of  Stl*  C-  fur  ten  minuies.  and  then  a  deep  glucose-agar  lube  should  be  inoculated  and  kept 
■I  tke  tempcralure  of  the  body.  An  inoculation  eipetimcal  with  the  suspected  material  may 
alio  be  Hied  in  guinea-pigs. 

flMhnilll  Pblgue. — ^V'hilst  bubonic  plague  does  not  occur  in  America,  there  is  more 
or  leia  OMUtant  danger  of  iu  Iransmivtiun  (mm  Hong  Rung  or  India  lo  the  I'ncitic  (.'oasi ; 
■ml  fbe  finr  of  an  epidemic  wa>  aroused  recently,  so  that  a  description  of  the  bacillus 
4a  M  iHm  ll  independently  by  Kilasalo  and  bv  Versin  may  not  be  out  of  place. 

The  bsfillui  is  found  in  (he glands  affected  by  this  disea-se  as  small  oval  rods  with  rounded 
rmlv  Many  of  the  bacilli  slatn  at  the  ends  onlv.  leaving  an  unstained  portion  in  Ihe  center. 
Tbey  BHially  occur  lirigly.  but  not  lnfre(|Uenlly.-ire  found  in  pairs  :  and  in  cultures,  e-specially 
In  flMd  media,  they  have  a  tendency  to  grow  into  chains  ( Plate  I,  Fig.  6).  They  are  non- 
Boblc,  a^Karing  in  gelatin  plates  as  small  spherical,  whitish  colonies,  without  litjue faction. 
la  gcbUD  tubes  the  coluniet'  grow  along  the  needle-lrack  as  isolated  globular,  whitish 
bod»u,  with  a  thin,  semi-lranspareni  layer  on  the  surface.  On  agar  ihe  growth  is  along  ilie 
Ubc  of  the  needle-track,  whitish,  smooth,  >hiny,  somewhal  transparent  in  appearance,  and 
■ide  Bp  of  isolated  colonies  growing  ti^ether.  The  same  appearance  is  seen  upon  blood- 
ffWBn  In  bouillon  the  growth  collects  especially  along  the  foot  and  si<Jes  oT  the  tube- 
Tbc  bacilliis  growi  rapidly  at  the  lemperature  of  the  Ixidy,  or  a^  low  as  iS"  C.  ll  does  not 
pnalncc  spores  \  it  does  not  produce  ga.s ;  il  does  nol  liquefy  gelatin  ;  it  stains  easily  with 
•W  of  ibc  anilin  colors,  but  docs  not  slain  by  Gram's  method. 

AU  Ibe  Biuiler  animals  usually  used  for  e\]ierimenl  are  readily  susceplible  to  ihe  inocu- 
Tbey  become  aifecie^l  wilh  an  inllammaturv  swelling  of  the  lymphatic  glands,  and 
Jly  by  a  prT>fuse  diarrhea-      It  has  been    noled  that  during  an  epi<lemic   of    bubonic 
:  ao  e*peeially  high  rale  of  mortality  has  occurred  among  rats  and  mice  in  the  infected 
,  and  il  is  thought  thai  such  a  mortality  is  not  infrequently  Ihe  beginning  of  an  epi- 
4^MC  aoKHig  hutiuo  beings. 

Vtnn  appeojs  to  have  been  successful  In  his  attempts  l-i  secure  an  anti-plague  serum, 
bat  Ibc  iTporth  are  not  yet  suHicienlly  detaileil  to  peimit  a  proper  appreciation  of  their  Im- 
jlMttPce. 

mUaOSclCrtinut. — RhinoKleromn  is  rare  in  .\merica  and  In  England,  but  Is  not  110- 
Oi^HKiD  In  aoiuc  jMiIs  of  the  continent  of  Eiitii|w.  It  is  chamcletized  by  chronic  nodular 
Aickcniac' "I  the  (km  or  the  mucous  membrane  of  ihr  nuve,  pharynx,  larynt.  or  trachea. 
In  ibe  tiame?  of  these  nodules  bacilli  have  been  found — ^iiort  oval  rods  surrounded  by  a 
dHUad  captule. 

In  (l»  micnmeppic  and  cultural  appearances  Ihe  bacillus  of  rtiinoscleroma  resembles  very 
daiBl;^  thai  of  F'rieil Under  ;  and  while  slight  differences  have  been  made  out.  it  is  undoubl- 
cdlf  a  Tmber  of  the  same  group.  These  iliffctences,  as  .sumnioriieil  by  Haumganen.  ate 
Aai  ibit  baclthi>  always  has  a  capsule.  In  cultures  as  well  as  In  the  tissues  ;  thai  it  is  more 
dKUtdly  tuil  •Iia|u-<1  than  ibe  iKicillusof  P'tiedllnder :  and  that  it  stains  byGtam's  method, 
■Utf  Fr^Tcillniler's  liacillus  dors  not.  The  bacillus  of  rhinoscleroma  is  a  short  bacillus 
•lib  miwiitnl  mds  ntcurTing  singly  and  in  pairs,  and  surrounded  by  a  distinct  capsule.  It 
■  BDa'fpotile.  <>n  KeUlio  plaies  llir  colonics  appear  as  yellowish- while  granular  bodies  in 
tvn  iir  tbrer  <iay^  tn  gelatin  tubes  ihc  growth  appears  along  the  needle-liack  as  a  whitish 
jUBalii  liac,  aitd  as  an  alntnv  hemispherical  elevation  on  the  surface,  giving  the  ap|ieiit 
4BCi^  in  |iMi6}e,  «if  a  niund-headed  rutil  driven  into  Ihe  gelatin.  Upon  the  surface  of  agar 
Ibe  (iwwtb  1«  pniliue  along  and  on  b>iih  sides  of  the  needte-lrack.  as  a  dlny-whlle  moist 
)tljtt  t  nn  |in*iUo  a  profuse  cream-white  gmwlh  occurs  along  Ihc  surface.  The  best  growth 
i* M ■  liwun  lalnir  of  J7°  C.     I'he  growth  is  fairly  rapid.     The  bacillus  ii  non-spoic-bear- 
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Iri|{,  WiH  ll'iiofriliK,  MfA  tJIriAiU,     II  lUmt  eaHlj'  with  anji  of  Ibe  aidliii  colon,  and 
I  imni'  •  Hirfli'iil,  itwi  It  |alli'>t['-rik  dir  mice  and  guinea-pigs,  bul  Ins  so  for  rabbits. 

I  U-  ItacllllW  acrofCltCt  capswUtlO,  >«  dncnibal  by  Welch  and  Fleaner,'  a 
loll' I ''•'I  UK  Im'  li  tiiirn  llinl  ((lay  lie  finind  at  aufipMCs,  bul  whicb  has  not  jrct  been  sbom 

Iniaaiiii  jMlli'ittniM  lrt'i|inlie>  i(i  man.  Il  i*  ■  rwl  fium  3  to  6  u  in  length  and  0.5  10  t , 
ili'Hillli,  Willi  (•luiclivl  III  Hjuarr  rniU,  dccurring  tingly,  in  pain,  and  occasionally  in  ch 
(II  llio-n'U.  Ilcldji  ■!»•  Ily  aiiacrobii.,  cullurea  muni  be  made  under  these  conditions.  C 
!!>•'•  mi'  K'^t  "'  l'("Hiii>li  while,  Willi  a  ccnital  darker  spot  by  tiaasmilled  light,  inciea 
I'l  i  III  I  (did.  III  ttf,  Iterfi  ■.•iliiiiira  may  l>e  iival  01  spherical,  with  feathery  project! 
'I  III'  Inti  lllii>  l>  IMiii  (inlhdgedir,  lull  the  tiiiiueB  of  animaU  (rabbils)  killed  immediately  1 
llii'  liitia*r(Hiiii  liijn  liiiii  df  a  lUitlH-iiiilori  of  iKiuillun,  and  kept  for  a  few  boon  at  ■  lem[ 
■ill"  III  .C^'  til  }</'  l:,  'iintaiii  a  large  aniuunt  uf  ga>  and  many  bacilli. 

DEVELOPMENT  OF  SERURtTHERAPEUTICS. 

'I'lic  tiilviinci^  in  our  knowicdgc  of  bacteria  has  led  to  great  inert 
iif  iidivily  in  altcmplH  to  iirevcnt  the  appearance  of  the  sympb 
III  III)  inli-'tifiiin  diNCiiNc  uflcr  exposure  to  its  virus,  or  the  arrest 
I  nil'  III  Ihi'nc  NyiiiiitdttiN  itftcr  they  have  made  their  appearance.  S 
filti'iiipli  huvc,  of  cinirw.  been  made  from  the  time  when  medi. 
Iii'^iiiii,  liiil  hiivi-  int!t  with  the  smallest  amount  of  success  so  far  as 
nil-  III  ilniyn,  im  llitji  term  is  commonly  employed,  is  concerned. 
Ilixt  I'llniN  will)  a  kntiwledgc  of  the  bacteria  and  their  action  as  a  b 
tvi'ii'  ihufli-  In  which  the  attempt  wa.>i  made  to  secure  the  attenua 
iif  lilt'  viiiiM  iif  ihf  di.'*ra!4t\  and  the  U-se  of  this  modified  virus  ags 
nil  iittiii  K  ol  tilt'  (lincaNc  itnolf.  The  iilea  underlying  this  is  the  sul 
liillnti  111  II  illiciitc  of  il  milder  tyjK'  for  that  of  the  full  strength, 
mim  k  I'l  till'  mililiT  (imn  liciiii;  supixiscd  to  protect  the  system  ag; 
till'  ini>ii'  v-liiili'iit.  Siii'h  altcmpts  have  been  carried  on  with  at  I 
|tiiilliit  ^iii  ii'it  In  •iiirh  tlincases  as  anthras  and  rabies.  They  repre 
(III'  iliii'i  limi  ill  wliiih  ihf  carlifst  ctVorts  of  Pasteur  and  his  follo' 
»iiv  nmdf  Ihf^i'  ihv»«itii;att>is  have  not  thus  far,  however,  see 
In  driliii'  (iiiv  nfiii'iiil  piim-ipU-  iiimn  which  further  work  may  be  ba 
iiMi  (111  llii'ji  M'tiilt''  Mvm  ti>  Kcrvx'  as  a  foundation  for  reasoning, 
i»'|il  III  ihi'  iiiillviiliial  di«'itM'  (hat  tht^  oxpcrimcnls  co\-er. 

liibi'hiilin    i*    llu-    iv^ult    of   otVorts  along   a   different   line, 
illii'ihiUr^   ihi'   alli'inpt    to   establish    a   diflvrcnt   principle.      It 
<i)si«  i-<ii<'iili,ill\  ol  (lii>  ntiliicnl   malciial  in  which  the  bacteria  1 
i5H\\\n,  Unit  ot  lln-  KuU'ii.!  by  lilliattim,  but  ciintaining  all  the  t 
\»oinid'i  ih.n  li.uv  ii'«nliid  fuNni  their  );r(Wth,     The  uscof  this  mat 
OmI"  i»  n'liil  11  ,tii  lA.tiimU-  of  tlw  st\Mnv)  nicthtvl,  by  means  of  » 
w  \\^^  U<y\\  iniii;ht  |o  v.suiv  ini.»ti\x- I'lK-its  in  intectious  disease ; 
c,  l>\  till    ,*|>|ihi  ,ilio*(  i»l  thi'  pi\vhi\fi  iM"  ^Mc^^^riAl  j^iwth,  as  obta 
HI  ih<    I' ■>(  tiilv ,  ii>  thi-  iK'vtmitivMi  ot"  tt>c  orj^^nisms  that  prod 
tU.m,  Ol    11   l.-.(-.i  lo  ilii-  .oiv>t  «>t  tlv  iVwlopntoiit  »■»!"  these  organi 

\\\\  iluul  AH. I  ,(pivo>  inK  ill.- m.^M  M!o,\-ss!V,I  nx.'lhixl  tor  con 
(\>.;  \\\<  iiitiiiioii..  .lf„-.iM-v.  ti\M»  I'v  tV"!A-,vi:rJc  j-vnr.t  of  view,  is 
\-i\(o'o\  Ml. 'II  .'1  .(ii.iin  |M\^ivn-.'v  ih,«  v(V\\  K-  rwtarjlly  preseir 
Aii.-.n''\    pii.iii:. , ,!   Ill  ih,    l-i'.o.s? '.\';-.:ii'!  oV  \ .^■-.■••.ts  Ar-iTiwls. 

\\  :  \  '..■'.  1..I1.  ^^;l,^■  Oii"  !"'.v-x  ;\i!  "i';:';'^,. ;■;■;>■  inii;hT  be  dv 
«0'",  .■,n.->  -1  ,'.ii^,.M  >■»  itN-  N,ss;  w,;v  vi^j^;;:;.--*^,-.^ — ;his  suhsl 
K-  -.■  -,^",  t '»■■•.■  r-  >>  ".-1 '.'  O'W.  ■;  :\-  !;:■.■«:'',  .v'  :\"  ;rvadinj; 
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difficult  matter  to  sift  the  conflicting  evidence  offered.  The  first  ex- 
perimental researches  were  negative  {Grawitz  and  Gamaleia) ;  but  in 
1884.  Grohmann  showed  thai  fresh  scrum  exerted  an  attenuating  in- 
tluence  upon  the  bacilli  of  symptomatic  anthrax;  Fodor  found  that 
t'resh  blood  destroyed  them;  while  Nuttall  established  the  fact  thai 
organic  fluids  (serum,  aqueous  humor,  pericardial  fluid),  really  possessed 
tile  power  of  destroying  bacteria,  and  that  this  germicidal  action  was 
taken  away  by  raising  these  fluids  to  a  temperature  of  above  50°  C. 
Rucbner  found  that  this  power  rested  solely  in  the  serum,  and  that  the 
breaking  up  or  mixing  in  of  the  blood-corpuscles  masked  or  diminished 
Its  activity.  Following  Buchner,  the  important  work  was  that  of 
Ogata  and  lasuhara,  and  Behring  and  Kitasato  in  pointing  out  the 
great  influence  of  the  fluid  portions  of  the  animal  tissues  in  the  pro- 
duction of  immunity.  From  the  work  of  these  authors  it  appears  that 
immunity  is  due  to  the  action  of  albuminoid  substances,  called  by 
Hankin  "  defensive  proieids,"  which  have  the  power  of  (1)  destroying 
pathogenic  bacteria.  (3)  of  attenuating  them,  or  {3)  of  neutralizing  the 
eifccts  of  or  destroying  their  toxic  products. 

First  as  to  the  "  germicidal  proteids."     Certain  animals  have  in  their 
blood  and  the  other  fluids  of  their  body  substances  endowed  with  a 
«iy  considerable  germicidal  action,  an  example  that  has  been  much 
studied  being  the  blood  of  the  white  rat.     These  animals  are  refrac- 
toiy  to  inoculation  with  anthrax,  and  the  reason  for  this  immunity  to 
a  dbease  so  virulent  has  been  found  (Behring)  to  exist  in  the  fact  that 
the  animal's  blood-serum  destroys   the   bacterium.     By   comparatiie 
te5ts  it  was  shown  that  3j  c.cm,  of  rat's  serum  would  have  the  same 
germicidal  action  as  would  the  same  quantity'  of  corrosive  sublimate 
in  the  strength  of  I  :  lOOO,  or  of  carbolic  acid  1  :  50.     To  appreciate 
this  (act  it  is  necessary  to  consider  another  quality  of  these  chemicals 
— their  toxic  action  upon  the  animals.     It  thus  appears  that  the  sub- 
limate and  carbolic-acid  solutions  will  kill  the  animal  in  a  dose  one- 
fifth  to  one-seventh  of  that  necessary-  to  secure  their  germicidal  action, 
>od  cannot,  therefore,  be  thought  of  for  internal  antisepsis.     On  the 
Other  hand,  the  germicidiil  proteids  are  present  in  quantity  sufficient 
far  complete  activity  in   the  serum  of  a  perfectly   healthy  white  rat. 
These  proteids  are.  therefore,  the  least  toxic  of  all  germicides  known. 
SUny  points  are  still  to  be  made  out — as,  for  instance,  such  an  appar- 
"il  contradiction  as  that  the  germicidal  power  does  not  in  all  cases 
twrtspond  to  the  natural  immunity  of  the  animal  that  furnishes  the 
Jtrani;  but  at  least,  as  the  experimental  knowledge  of  the  subject  has 
■Woscd,  working  hypotheses  have  been  suggested  for  most  of  these 
Wtradictions. 

The  second  class  of  these  proteids  is  made  up  of  the  "attenuating" 
""irtics,  the  existence  of  which  was  first  suggested  by  the  fact  that 
™* bacteria  of  symptomatic  anthrax  were  attenuated  in  virulence  when 
•"JKtcd  into  animals  refractory  to  the  disease,  whilst  their  vitality  was 
W  interfered  with.  The  experiments  of  Ogata  and  lasuhara  first 
"twcd  that  the  attenuating  property  lay  in  the  serum  of  the  animals 
**(>fiiment«i  ujwn.  The  existence  of  the.se  attenuating  proteids  has 
^PWoilIy  been  demonstrated  by  other  observers  in  anthrax  and  other 
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The  progress  of  research  has,  however,  shown  that  there  is  a  third 
class  of  protcids,  the  antitoxic  ;  and  their  discovery  is  the  most  impor- 
tant of  all,  not  only  because  the  results  obtained  with  them  are  so 
important,  but  because  it  almost  appears  that  the  germicidal  and 
attenuating  protcids  are  to  be  included  among  the  antitoxic.  The  two 
former  are  supposed  to  act  upon  the  bacteria  themselves ;  the  last, 
upon  their  products.  The  first  announcement  of  results  in  this  direc- 
tion was  made  by  Behring  and  Kttasato  in  1890.  They  had  found 
that  the  blood  of  rabbits  protected  against  tetanus  had  the  power  of 
destroying  the  toxic  alkaloid  of  tetanus  (tetania)  during  the  lifetime  of 
the  animal  attacked,  and  that  it  was  not  only  possible  to  protect  an 
animal  against  inoculation  of  the  tetanus  bacilli,  but  also  to  cure  it 
after  the  appearance  of  the  symptoms  of  the  disease.  The  application 
of  these  facts  to  human  tetanus  has  not  been  as  successful  as  was  at 
first  hoped  for,  probably  because  it  is  not  usually  possible  to  apply  the 
remedy  sufhciently  early  in  the  disease. 

Almost  in  the  same  week  with  the  announcements  of  Behring  and 
Kitasato  with  reference  to  tetanus  came  those  of  Frankel  and  Brieger 
upon  diphtheria,  which  have  been  followed  by  such  striking  results  in 
the  treatment  of  this  disease  in  man. 

Very  similar  results  have  been  obtained  in  animals  in  the  case  of 
some  of  the  suppurative  bacteria,  the  streptococci,  and  in  anthrax  and 
sunne-erysipelas.  The  important  fact  has  also  been  demonstrated  that 
each  disease  is  a  problem  by  itself,  and  that  the  minuter  details  of 
technic  must  be  worked  out  for  each  one. 


CHAPTER    II. 

HYPEREMIA;  INFLAMMATION:  LOCAL  INFECTION  AND 
ITS  TERMINATIONS. 


HYPEREMIA. 

The  old  term  "  congestion  "  was  used  to  denote  a  condition  closely 
allied  to  inflammation,  but  as  pathology  and  histology  became  more 
accurate  the  condition  known  as  hyperemia  was  sharply  defined  fiom 
inflammation.  The  term  was  used  to  denote  a  functional  instead  of  an 
organic  disturbance.  Inflammation  was  then  divided  into  simple  and 
Kptic  inflammations,  the  former  being  caused  by  trauma  in  some  form, 
and  the  latter  by  bacteria.  Since  the  rccofjnition  of  bacteria  as  the 
source  of  a  constantly  enlarging  number  of  inflammatory  processes, 
some  writers  have  inclined  to  the  view  that  all  true  inflammations  are 
septic.  Many  of  those  processes,  known  still  as  inflammations  by 
most  writers,  but  which  could  not  be  placed  under  this  category,  have 
been  assigned  by  some  surgeons  (Park  and  Senn)  back  again  to  the 
domain  of  "  congestion." 

If.  however,  we  adhere  closely  to  pathological  and  physiological 
conditions,  we  find  that  there  is  an  essential  difference  between  the 
hyperemias  and  even  the  simpler  forms  of  inflammation.  In  hyperemia 
*c  have  a  more  or  less  transitory  change  of  function,  which  leaves  the 
tissues  essentially  as  they  were  before.  In  inflammation,  on  the  other 
land,  there  is  a  distinct  organic  change  brought  about  by  an  influence 
■hich  has  produced  more  profound  disturbance, 

H)-percmia  signifies  an  increased  amount  of  blood  in  a  part,  and  is 
in  contrast  with  ischemia,  which  means  a  decreased  flow  of  blood  to  a 
part  It  is  of  two  kinds,  active  and  passive.  In  active  hyperemia 
ll>cre  is  an  increased  flow  of  arterial  blood.  In  passive  hyperemia 
wOeis  a  slowing  of  the  blood-current — a  stagnation — and  the  blood 
iiKnous  in  color. 

Active  Hjrperemia. — In  this  form  of  hyperemia  there  is  an  in- 
Ooscd  rapidity  of  the  flow  of  blood  through  both  the  arteries  and 
**iiit,and  the  color  of  the  part  is  a  bright  red ;  there  is  even  an  arterial 
**lor  in  the  smaller  veins  of  the  part,  and  at  times  they  seem  to  pul- 
^ifc  Under  the  microscope  it  can  be  seen  that  the  capillaries  are  filled 
•iih  arterial  blood,  and  they  aUo  appear  to  be  dilated  (Fig.  ii).  Or- 
''"inly  there  is  no  edema,  as  the  vessels  hold  the  fluid  and  no  exuda- 
"wi  takes  place.  It  is  rare  that  there  i.s  any  extravasation  of  blood  as 
the  result  of  acti\'e  hv'peremia.  There  is  an  increased  warmth  in  the 
P"!  affected,  as  more  warm  blood  from  the  interior  of  the  body  flows 
tbwighit 
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The  vasomotor  nerves  concerned  in  these  functional  changes  a 
the  vasoconstrictors,  the  vasodilators,  and  the  (jerivascular  ganglia 

Hyperemia  of  paralysis  is  that  fnrni  of  active  hyperemia  produc 
by  the  paralysis  of  the  vasoconstrictors.  This  condition  may  be  pi 
duced  experimentally  by  division  of  the  splanchnics,  which  produce; 
dilatation  of  the  mesenteric  and  renal  arteries.  This  congestion  m 
be  so  extensive  as  to  withdraw  blood  from  the  greater  part  of  the  bo( 


\    t 


Fig.  II. — Normal  circulalion  in  vein,  artery, 
nnd  CiipiULirj'. 


V  A 

F(G.  I  a. — Circulalion  in  hyperemi*, 
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producing  a  condition  similar  to  that  known  in  the  so-called  Goltz 
periment,  which  consists  in  tapping  the  abdomen  of  the  frog  with  '. 
but  frequent  blows.  This  causes  a  temporary  cessation  of  respira 
heart-pulsation,  and  muscular  action,  from  which  condition,  iiowi 
the  animal  speedily  recovers. 

Gnjnjngen  reports  the  case  of  a  laborfr,  1ving  on  hia  hack  after  a  full  meal,  wh 
playfully  liit  upon  Ihe  stomach  with  a  platik  ;  in  lifleen  initiules  he  las  demi,  and 
autopsy  no  almctural  lesion  cf>ukl  be  found  in  anv  part  of  Ihe  body.  A  more  fv 
cxannple  of  hyperemia  of  paialy^ii  is  gunshol  injury  of  Ihe  cervical  sympalhelie.  in 
flushing  of  Ihal  side  of  the  face  occurs,  Bn<i  also  dilatation  of  the  pupil  of  (he  sami 
with  tcdnesB  of  the  conjunctiva,  secretion  of  tears,  and  hyperidtosis.  Such  a  conditi' 
been  observed,  after  fracture  of  the  clavicle,  from  pressure  on  the  cenncal  sympalhelil 

Hyperemia  of  irritation  is  caused  by  irritation  of  the  vasod: 
nerves.  It  is  shorter  and  quicker  in  its  action,  and  is  accomp 
often  by  other  active  nervous  .symptoms,  such  as  pain.  The  flu 
accompanying  facial  neuralgia  and  herpes  zoster  is  supposed  to  bi 
to  this  variety.     Reflex  hyperemias  belong  to  this  class. 

Hyperemia  caused  by  paralysis  of  the  perivascular  ganglia  is 
form  produced  by  purely  local  causes,  such  as  pressure.     This  i 
form  .seen  after  removal  of  the  Esmarch  bandage,  or  tapping  the 
men  for  ascites,  or  suddenly  emptying  an  overdistended  bladder. 
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Active  hyperemia,  of  whatever  form,  is  a  passing  condition,  and 
when  the  congestion  has  subsided  there  is  no  appreciative  change  in 
the  aflected  part.  It  may.  how- 
ever, predispose  to  inflammatory 
changes,  as  the  resisting  power  of 
a  tissue  thus  affected  is  diminished, 
and  a  soil  may  be  made  favorable 
to  bacterial  infection. 

Passive  hyperemia  is  due 
to  partial  or  complete  obstruction 
of  the  flow  of  blood  through  the 
itins.  It  is  purely  mechanical  in 
character.  There  is  cyanosis  of 
ihe  part  affected,  and  its  tempera- 
tare  is  subnormal.  If  the  small 
veins  and  capillaries,  when  in  this 
condition,  are  observed  under  the 
microscope,  they  arc  found  to  be 
distended  with  blood-corpuscles 
which  appear  to  be  more  or  less 
fised  together.  The  flow  of  blood 
ceases  at  curtain  points,  and  ex- 
Ira\-asation  of  red  blood-corpuscles 
oocors  {Fig.  131.  There  is  at  the 
umc  time  an  escapx:  from  the  vessels  of  a  certain  amount  of  fluid, 
giving  rise  to  edema. 

A  imiiliar  eumpte  is  seen  in  ihr  lover  pxtremittei  in  varicose  veins.  Here  all  ihe 
to|B  of  Ihc  procejs  cin  he  Jeeii.  .\l  lirst  there  U  only  edema.  1  Jter  Ihere  is  pigmenta- 
timof  the  skin,  dut  10  Ihe  de^lniclion  of  (he  cxliavasaled  red  hlm>d-cijrpU!4:les,  The 
■ftinsenl  of  the  liisiiirj  [hus  bmughl  abiiul  mny  ultimately  lead  to  ulceration.  Hypostatic 
eDB|iJl)nn  it  »iK>ther  form  of  passive  hyperemia,  and  when  it  occurs  in  the  lungs,  as  it  often 
1m>  m  ibe  aeed  when  conhned  to  bed,  it  may  p.ive  the  way  fur  pneumonia.  Il  is  due  la 
fc  atlecliled  circulalion  in  nuiny  forms  of  disease  that  pressure  upon  certain  points  of  [he 
Wf  ladily  canaes  passive  congestion  and  stasia — thus  giving  rise  to  bed-sores. 


Flfi,  ij.^Paisive  hyperemia. 


INFLAMMATION. 

Mammation  may  be  divided  into  two  principal  varieties — simple 
vA  infective.  To  the  former  variety  belong  those  produced  by  trauma 
« injury' (such  as  a  fracture)  and  those  due  to  chemical  action  (such  as 
I'm  produced  by  drugs,  as  salivation,  or  that  produced  by  ivy-poison- 
■J,  or  the  action  of  escharotics).  The  infective  inflammations  are 
™ie  produced  by  bacteria  or  the  chemical  substances  evolved   by 

Id  itM/Zr  infiammation  we  have  a  disturbance  in  the  nutrition  of  a 
fW,  brought  about  usually  by  trauma,  which  has  been  best  expressed 
BjftbewonI  "damage."  It  may  be  defined  as  a  lesion  in  the  mcchan- 
^of  nutrition,  owing  to  which  its  efficiency  is  impaired,  but  which,  if 
*<  10  severe  as  to  cause  death,  produces  conditions  favorable  for  the 
l>H«tion  and  repair  of  the  part. 

As  will  be  seen  presently,  there  is,  in  addition  to  the  congestion  of 


46 


INTERNATIONAL    TEXTBOOK  OF  SUFGERY. 


hyperemia,  a  leakage  of  tlie  vessels  which  gives  rise  to  exudation  ar 
other  processes  which  produce  an  organic  change  in  the  part  affecte 

It  was  formerly  supposed  that  these  changes  were  part  of  the  pro 
ess  of  repair,  and  that  a  smart  reaction  was  needed,  after  an  injury, ' 
bring  about  an  active  reparative  process  to  ensure  the  healing  of 
wound.  The  changes  produced  by  inflammations  are,  on  the  contrar 
those  expressive  of  destruction  rather  than  repair.  In  the  type  ■ 
inflammation  of  which  wc  are  speaking  there  are  no  progressi 
changes  such  as  are  seen  in  the  infective  form,  but  simply  those  resu 
ing  from  injury.  They  are  fortunately  of  such  a  nature  as  to  favor  ( 
process  of  repair,  which  in  due  time  makes  itself  manifest. 

The  causes  of  simple  inflammation  are  not  only  trauma,  but 
those   which   are   not   bacterial.     In    addition    to   the   chemical    acti 
above  referred  to,  the  question  has  been  raised  as  to  the  role  played' 
the  nerves  in  inflammation. 

The  influence  of  the  nerves  has  long  been  recognized  as  an  ag^ 
active  in  the  nutrition  of  a  part.     The  theory  of  the  trophic  action 
the  nerves  was  based   upon  the  experiments  on   the  vagus  and 
geminus.  j 

After  divisinn  of  the  ophlhalmic  branch  of  Ihe  fifth  pair  a  necrosis  of  the  corriea  oa 
artd  the  so-called  X'agiis-pneumonia  fnll'>ws  division  of  Ihnt  nerve.  These  inBamnutl 
are  now  classed  with  the  infective  iiiflaromntions,  as  it  is  known  that,  the  protective  ii 
vation  having  been  wilhdmwn.  the  tissues  are  exposed  to  bacterial  action.  Still,  clinic 
we  meet  with  matiy  lypeii  of  inHaniinalinii  so  intimately  associated  with  reflex  action  th 
is  difficult  to  assume  that  nil  are  due  solely  to  bacteria.  Many  of  the  cases  of  urethral  I 
which  are  supposed  to  be  typical  examples  of  reflex  ititlammalion  are  now  well  known  I 
due  to  iiifei-tion  ;  but  a  certain  number  are  difficult  to  account  for  in  any  other  way  tha 
an  action  of  the  nerves.  The  nen'es  may  at  least  be  placed  in  a  prominent  position  ai 
the  predis-posing  causes  of  inflammation.  Age  also  has  a  marked  influence  upon  the  pro 
Disturbances  of  nutrition  in  growing  children  lead  readily  1o  inflammations  which  ari 
likely  to  occur  in  adults,  such  as  affeclions  of  the  mucoUN  memlimiies  and  the  bones, 
old  Bge  the  power  of  resiE>tance  to  invading  oi^anisms  is  less  marked,  and  sepsis  is 
readily  produced.  Morbid  conditions  of  the  bUx>d  (such  as  goul,  scurvy,  and  diah 
subject  the  patient  lo  inflammation  of  the  joints  and  of  the  mucous  membrane  and  the 
Climate  is  also  a  potent  factor. 

Inflammation  was  primarily  divided  into  several  varieties,  such  as  : 
pathic,  traumatic,  sthenic,  and  asthenic.     These  terms  are  now  lar 
discarded.     Such   terms  as  "  hemorrhagic,"   "  parenchymatous." 
"  interstitial  "  have  more  interest  for  the  pathologist  than  for  the 
geon. 

Pathology. — The  seat  of  inflammation  is  the  connective  substa 
principally — that  is,  those  parts  concerned  in  the  nutrition  of  the  h 
If  we  take  the  connective  tissue,  we  find  these  changes  observt 
their  .simplest  form.  The  first  change  noticed  is  in  the  blood-ve! 
If  a  frog  be  paralyzed  by  curare  and  a  loop  of  intestine  be  d 
through  an  inci.sion  made  in  the  abdominal  wall,  the  action  of  the 
sels  can  readily  be  studied  during  the  inflammatory  process  excitt 
the  exposure  of  the  peritoneum.  There  is  at  first  a  marked  ; 
hyperemia.  The  vessels  are  distended  with  arterial  blood,  and  ni 
ous  capillaries  arc  observed  which  before  were  invisible.  The  incr 
rapidity  of  the  blood-flow  lasts,  however,  but  for  a  short  time,  a 
followed  by  a  slowing  of  the  current,  which  soon  becomes  slower 
normal.     A  marked  change  now  occurs  in  the  interior  of  the 
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veins  and  capillaries.  Along  the  walls  of  the  veins  there  may  now  be 
noticed  an  accumulation  of  white  corpuscles,  which  increase  in  number 
to  such  an  extent  that  the  entire  vessel-wall  appears  to  be  hned  with 
tbcm.  Presently  tlic  phenomena 
of  diapedesis  of  the  white  cor- 
piiscles  (Fig.  14)  takes  place,  and 
icukoc>'tes  are  found  in  large 
numbers  in  the  surrounding  con- 
nective tissue.  At  the  same  time 
there  is  considerable  leakage  of 
fluid  or  blood-plasma  from  the 
vessels  into  the  meshes  of  the 
surrounding  tissue.  The  fluid 
coagulates,  and  in  the  fibrils  of 
fibrin  which  are  thus  formed  are 
bund  the  white  corpuscles.  This 
is  known  as  "exudation."  Fibrin 
is  formed  by  the  union  of  the 
fibrinogen  of  the  blood-plasma 
with  the  paragtobulin  and  fibrin- 
icrment  found  in  the  white  blood- 
corpuscles.  These  leukocytes,  in 
virtue  of  their  ameboid  move- 
ments, wander  freely  in  the  tis- 
sues,   and    the    exudation    then 

spreads  over  a  considerable  microscopic  area  (Fig.  15).  Many  of 
than  break  up  and  liberate  the  substances  necessary  for  the  process 
of  coagulation. 

il  will  be  seen  that  the  process  here  described  is  essentially  different 
from  h>*pcremia.     The  vessels  have  been  damaged  and  leak,  and  the 


FlC.  14. — The  blt>od-vc55cls  in  inflammation: 
Diapedests  of  white  corpuscles. 


Fig.  Tf.^Amvboid  movemenls  of  a  li^ukcKyte. 

tiingcs  in  their  power  to  conduct  the  blood  through  them  arc  marked. 
TV  rapidity  with  which  the  blood  flows  varies  greatly  in  different  parts 
of  M  inflamed  area.  On  the  periphery  the  velocity  of  the  current  is 
pntiy  increased,  as  is  readily  shown  by  an  incision,  through  which 
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the  small  vessels  force  their  blood  with  great  vigor.  The  nearer  we 
approach  the  central  point  of  an  actively  congested  area,  the  slower  is 
the  current ;  and  at  times  when  the  lesion  of  the  part  has  been  greatly 
increased,  there  may  be  stasis  or  stoppage  of  the  flow.  There  is  great 
variability  in  the  rapidity  of  the  flow  of  blood,  according  to  the  local 
conditions. 

The  changes  seen  in  the  blood  in  simple  inflammations  are  not  im- 
portant, the  increase  in  the  number  of  white  corpuscles,  or  leukocytosis, 
being  more  characteristic  of  infective,  or  more  strictly  speaking,  sup- 
purative inflammations.' 

The  changes  seen  in  the  tissues  are  those  produced  by  the  great 
increase  in  the  cells  of  the  part.  The  cells  of  connective  tissue  are 
known  as  the  fixed  and  the  wandering  cells.  The  fixed  cells  are  stellate 
or  fusiform,  and  lie  hidden  between  the  fibers  which  constitute  the  prin- 
cipal portion  of  the  intercellular  substance.  In  addition  to  these  are 
the  small  round  cells,  containing  one  or  more  nuclei  and  a  granular 
protoplasm,  in  all  re.ipects  resembling  the  white  corpuscles  of  the  blood. 
These  are  the  so-called  wandering  cells.  When  the  tissues  are  irritated 
or  inflamed,  these  cells  are  found  in  large  numbers.  When  the  theory 
of  cell-emigration  was  adopted  there  was  an  inclination  to  reject  the 
old  theory  of  cell-proliferation.  The  numerous  cells  found  in  a  part 
were  supposed  to  be  emigrated  leukocytes,  and  the  subsequent 
changes  found  in  the  part,  by  which  new  tissue  replaced  the  old,  were 
supposed  to  be  eflected  largely  through  the  agency  of  the  wandering 
cells. 

After  an  inflamed  tissue  has  reached  this  stage,  we  find  that  the  cells 
of  the  part  predominate  over  all  other  elements.  The  intercellular 
substance  becomes  less  apparent,  the  fibers  disappear,  and  a  granular 
material  takes  their  place.  The  tissue  is  thus  considerably  modified  in 
its  physical  properties ;  it  becomes  rigid  and  less  pliable,  and  at  the 
same  time  loses  its  tough  and  flexible  characteristics.  A  "  cake  "  forms, 
which  indicates  the  outline  of  the  inflamed  area.  The  tissue  thus 
formed  is  known  as  "  granulation-tissue,"  for  it  is  of  tissue  like  this 
that  the  granulations  seen  upon  the  open  surface  of  wounds  are  com- 
posed. When  the  inflammatory  process  begins  to  subside,  these  cells 
gradually  disappear :  some  wander  into  the  adjacent  lymphatics  and 
are  taken  back  into  the  circulation  again  ;  others  are  broken  down  and 
absorbed.  New  intercellular  substance  makes  its  appearance,  and, 
with  the  gradual  process  of  repair,  new  tissue  is  found  to  replace  any 
loss  of  substance  which  may  have  occurred  during  the  inflammatory 
process.  If  these  difltrcnt  stages  follow  one  another  without  suppura- 
tion having  taken  place,  the  inflammation  is  said  to  have  terminated  by 
resolution.  The  same  series  of  processes  is  observed  in  wounds  heal- 
ing by  first  intention,  and  it  is  in  this  way  that  the  edges  of  a  wound 
become  adherent  and  finally  unite. 

There  has  been  much  di<>pute  aboul  Ihe  functions  of  the  leukocyles.  When  Cohnheiin 
fiist  brought  (hem  lo  the  attenlion  of  ihe  profession,  he  assume<l  (hal  ihey  performed  (he 
duty  in  the  process  of  repair  hitherto  ascribed  to  the  cells  of  the  part.  The  fixed  cells  were 
thought  by  him  to  take  no  part  in  the  process  of  repair.  It  has,  however,  been  shown  that 
the  fined  cells  undergo  active  changes,  by  means  of  which  cell-division  and  multiplication 

1  See  section  on  Pathology  of  Ihe  Blood. 
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ocnr.  In  ibc  nuflciu  duogu  known  as  karyokiDesia  occur,  by  means  of  which  ihp  so- 
ahcd  inilitn:!  cell-iiiviMon  loke*  plncc  (Fig.  id)-  Muny  of  ihe  new  cells  seen  "m  ihc  in- 
Aunnl  [■«  «re  ihr  offspring  of  such  chanyi-s.  Il  is  Ihoie  cells  which  play  n  proniineni  part 
ID  the  piuctsa  of  repair,  ll  is  now  thoughl  Ihal  many  of  Ihe  leukiicytes  which  nre  seen  in 
uch  U^e  aumbcn  serve  as  pabulum  for  ihe  proliferating  fixed  cells,  and  thai  others  play 


[)A  riu — Clisngcs  occumni;  hi  Ihe  nucleus  of  a  cell  during  process  of  division  by  karyokinesis. 

iki  (Ale  of  tcai'en^rs.  owing  )»  Ihe  powfi  possessed  by  tliem  of  appropriating  particles  of 
WjB  bodies  or  bade ria  and  liansportinR  Ihcm  to  dislnnt  points.  The  usefulness  of  ihe 
Inkocyt0  in  consaming  And  Tcceivin[;  p*irtions  of  broken-down  listiue  cnn  easily  bt'  undeT- 
■lod.  » ii  is  in  lhi«  wny  ihal  absorplion  is  fnciMtnled,  by  means  of  which  disposal  is  mode 
I*  drid  BibiUncrs.  blood-clots,  exudaliiins,  nnd  bacteria. 

Cdli  which  are  specially  endowed  with  this  pnipeily  are  ktuiwn  as  phagocytes  f  Fig.  17], 


'*  <f^rt«jo«ytp  fn>tn   esudAle  of  cercbrospmal  meningitis,  containing   Itukotytes  and 

cell -de  I  fit  us. 


to  nen^M  n  protective  influence  in  Ihe  body.      This  Iheiity  was  advanced 

.  ,  vlio  ihoved  that   in  ihose  disea^s  in  which  the  tissues  were  succtimbing 

**>haMli,  iKt  nUCTO-organionis  were  found  in  ihcMT  cells  -,  but  that  in  cnse  the  system  was 
'^  la  IfcfDir  00  ill*  baclrria,  remains  of  destroyeil  micro-orgonisms   were  found  in  Ihe 

cndckvored  in  this  way  Ii>  etfilain  the  inimiinily  which  certain  tissues  have 


so 
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for  certain  forms  of  bacteria.  Although  the  anlibacleiinl  nttion  or  nntilonio  propertii 
the  blood-serum  arc  now  belter  understooil  than  when  tlii*  theory  wa.s  first  adTnnced 
theory  of  phagocytosis  still  has  inniiy  adherents,  and  il  is  protiable  that  these  cells  p 
prominent  [Kirl  in  the  palholoBicel  process  in  piolecting  t!ic  surrounding  tissue  froii 
invasion  of  disease.  These  are  the  principal  changes  observed  in  an  inHamvd  area  i 
there  is  no  suppuration,  and  when  repair  lollows  after  the  subsidence  of  the  more  prom 
sytnplonis  of  inflammation  which  hove  resulted  fivm  injur)'. 


F[<:.  i8. — Giant  cell  cuiiLinnn^  );1anders  baLiUi  In  ihc  subcutaneous  tissue. 

Symptoms  of  Inflammation. — There  arc  five  cardinal  symj 
of  inflammation — pain,  licat.  redness,  swelling,  and  impaired  fur 
(_dolor,  calor,  rubor,  tumor,  and  functio  l^csa). 

These  symptoms  vary  greatly  in  different  forms  of  inflammati< 
in  inflammation  of  diffL-rent  tissues.  In  the  simple  iiiflammati' 
such,  for  instance,  as  that  following  a  fracture  of  the  leg— the  red 
is  not  .so  marked  as  in  an  acute  septic  inflammation.  In  inflamm 
of  the  internal  organs  there  is  no  increase  of  heat  over  that  i 
surrounding  healthy  structures.  In  bone  there  is  at  first  no  sw 
when  it  is  inflamed. 

The  rubor  or  redness  is  due  to  the  increased  determination  of 
to  the  part.  In  acute  inflammations,  particularly  in  the  septic 
the  color  is  bright  red  or  scarlet.  An  incision  with  the  knife  bri 
quick  gush  of  bright  arterial  blood.  The  color  is  lighter  at  t 
ri|)hery  of  an  inflammatory  swelling,  and  deepens  toward  the  i 
where  the  current  is  more  impeded  in  its  action.  In  very  severe 
of  inflammation  the  congestion  is  often  excessive,  and  the  s 
vessels  are  overdistended  with  red  blood-corpuscles.  Under  the 
cumstances  there  may  be  an  escape  of  the  red  corpuscles  as  \ 
the  leukocytes  through  the  walls  of  the  vessels,  and  in  such  case 
are  collected  together  in  little  groups,  forming  punctiform  ecchy 
This  condition  is  seen  in  the  "  hemorrhagic "  forms  of  inflami 
An  abundant  exudation  may  diniini.sh  the  brightness  of  the  col 
give  it  a  yellowish  tinge.     The  color  of  an  inflamed  mucous  mei 
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is  much  deeper  than  thai  of  the  skin,  owing  to  the  close  proximity  of 
ihe  blood-vessels  to  the  surface.  The  color  is  absent  in  bloodless  parts, 
as  the  cornea. 

The  tumor  or  swelling  is  due  to  the  exudation  poured  out  from 
the  vessels  into  the  inflamed  part.  This  collects  in  the  meshes  of  the 
tissue  or  is  poured  from  the  .surface  of  the  membranes.  In  easily  dis- 
tensible parts  near  an  acute  inflammation  the  amount  of  fluid  exuded 
is  quite  large.  This  is  known  as  collateral  edema.  The  prepuce  and 
the  eydids  are  often  greatly  swollen  even  where  the  amount  of  adjacent 
tnflammadon  is  slight.  In  the  thigh  we  may  have  exudation  and  swell- 
ing on  a  large  scale  following  fracture  of  the  bone  or  an  acute  osteo- 
myelitis. 

The  dolor  or  pain  is  due  to  the  pressure  on  the  terminal  branches 
of  the  ner\-cs,  and  consequently  it  differs  greatly  according  to  the  dis- 
tensibility  of  the  part  or  to  the  amount  of  exudation  or  to  the  nerve- 
supply.  In  unyielding  tissue,  such  as  bone,  the  pain  is  at  first  most 
scx-enc  In  all  tissues  the  pain  is  more  severe  at  the  beginning  of  an 
infiammation,  while  the  tissues  are  in  process  of  being  stretched. 

Pain  is  of  different  kinds.  Throbbing  pain  is  due  to  the  extra 
pressure  exerted  by  the  arterioles  during  systole  in  somewhat  rigid 
and  sensitive  parts  like  the  fingers. 

Boring  pains  are  felt  in  chronic  inflammation  of  bone.  A  lancinating 
pain  suggests  the  breaking  down  or  tearing  apart  of  tissues  during  the 
ipproach  of  pus  to  the  surface,  and  is  suggestive  of  the  "  breaking " 
<^  an  abscess. 

Soreness  is  a  form  of  less  severe  pain  :  it  is  due  to  an  acute  inflam- 
mation in  a  yielding  but  superficially  .sensitive  structure.  The  boil  is 
the  proverbial  type  of  this  form  of  pain. 

Ilching  is  always  said  lo  be  a  good  sign,  and  correctly  so,  for  it  is 
the  residual  morbid  sen.sation  which  remains  when  pain  disappears. 
It  \i  due  to  the  presence  of  the  products  of  exudation  in  the  vicinity 
<i(  ihc  terminal  nerve-branches. 

!nBt  portion*,  of  Ihe  bod)'  are  far  more  sirnsilive  than  others.  Fissure  of  ihe  anili  is  an 
MBfii  of  icTcrr  pain  cauW  bv  a  ilijihl  disturbance  in  nn  enlremely  sensitive  locality. 
iMtaomin  uigiiK  ii  ofirn  rEfeitcd  lu  disum  |.iiiints.  'llius  (he  pain  of  a  iliseastil  hip 
^k  Ml  in   Ihe    kiiee.      Pain  at   the   neck  of  ihe  bladder  U  TeU  al  the  meatus  of  the 


Calor  or  heat  is  due  to  the  increased  flow  of  blood  through  the 
■Mnied  part.  The  amount  of  heat  generated  in  the  diseased  area  is 
otiiancly  small,  and  does  not  account  for  the  increased  warmth. 

Tfic  fifih  .ind  last  symptom  of  inflammation  is  functio  \ms&.  A 
■tiseic  thai  is  the  seat  of  an  inflammatory  exudation  is  rigid,  and  can- 
't contract  like  &  healthy  muscle.  Mucous  membranes  may  secrete 
•  niiich  greater  quantity  of  mucus  when  inflamed,  or  they  may  be 
■lainially  dry.  The  special  senses  are  all  impaired  in  their  functions 
^Iw  the  corresponding  organs  are  inflamed. 

Inflammation  may  terminate  either  in  resolution,  in  death  of  the 
P*rt.  or  in  suppuration. 

Tonninatinn  by  resolution  occurs  when  the  various  symptoms  grad- 
wl^'«ib«ide  and  the  part  returns  to  its  normal  condition.  This  is  seen 
■wnplc  inflammations  fullowing  injury  when  tlie  process  of  repair  is 
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well  under  way,  A  simple  inflammation  does  not  tend  to  spread,^ 
its  symptoms,  after  full  development  during  the  first  two  or  three  di 
begin  gradually  to  disappear. 

If  the  congestion  of  the  blood-vessels  has  been  so  severe  as 
cause  a  stoppage  in  the  flow  of  blood,  or  stasis,  the  aflected  area 
die  and  a  "  slough  "  is  formed  ;  or  if  the  area  is  extensive  the  cha 
is  called  "gangrene."  The  dead  part  i.s  separated  from  the  live  ti: 
by  the  formation  of  a  line  of  demarcation  caused  by  a  suppuratior 
the  adjacent  living  tis.sues.  If  the  dead  or  necrosed  area  is  sma 
may,  if  on  the  surface,  form  a  dry  scab,  under  which  repair  of  the 
substance  will  take  place  without  suppuration.  If  it  is  in  the  inti 
of  the  body,  it  is  usually  called  an  "  infarction,"  and  may  shrivel, 
be  replaced  by  cicatricial  tissue,  also  without  suppuration. 

Suppuration  may  occur  only  in  connection  with  bacterial  infec 
and  will  be  considered  under  that  head. 

Treatment. — The  treatment  of  simple  inflammation  is  dir< 
chiefly  to  relieve  the  symptoms  and  favor  resolution — that  is,  to 
vent  such  injury  to  the  tissues  as  may  lead  to  death  or  suppur? 
Rest  is  one  of  the  most  important  agents  in  minimizing  the  ain 
of  damage  to  the  parts  from  injury.  This  tends  to  keep  dowr 
exaggeration  of  the  symptoms,  .such  as  the  swelling  and  the 
These  may  be  relieved  also  by  the  application  of  heat  in  the  for 
a  poultice,  or  of  cold.  An  ice-bag  placed  upon  a  knee  whicl 
recently  been  sprained  will  relieve  the  pain  and  frequently  prcvei 
undue  exudation  of  synovial  fluid  into  the  joint. 

The  soothing  action  of  cold  usually  makes  it  a  welcome  applic 
If  the  swelling  is  great,  and  the  circulation  is  sluggish,  the  color  d 
and  the  temperature  of  the  part  low,  cold  is  not  indicated,  as  the 
ity  of  the  part  may  thus  be  imperilled. 

Cold  can  be  employed  by  means  of  either  a  rubber  ice-bag  ( 
ice-coil,  by  means  of  which  a  continuous  stream  of  cold  water 
exert  its  influence  upon  the  part. 

Heat  acts  difierently  according  to  the  degree  used.  Warm 
tices  fa\-or  an  increase  of  hyperemia  and  consequent  flushing  1 
part.  The  exudation  may  thus  be  increased  until  pus  forms:  ■ 
flushing  of  the  part  with  fresh  blood-serum  thus  produced  maj 
duce  conditions  unfavorable  to  the  growth  of  bacteria,  or  may 
away  the  products  of  exudation,  and  thus  favor  absorption.  G 
heat  constricts  the  blood-ve.ssels ;  thus,  a  hot  poultice  freq 
applied,  or  the  hot  douche,  will  sometimes  check  an  incipient  i 
mation  ;  chronic  congestions  are  often  greatly  relieved  in  this 

Venesection  is  now  a  discarded  remedy,  but  was  not  without 
in  certain  critical  conditions.  Local  bloodletting  is  still  much  u 
relieve  the  dangerous  tension  caused  by  some  congestions,  or  t( 
the  resolution  of  obstinate  chronic  inflammations.  Leeching 
excellent  remedy  for  the  relief  of  local  pain,  and  has  also  a  sti 
ing  effect  upon  the  ab.sorbents.  It  is  a  most  useful  means  of  re 
congestion  and  promoting  absorption  in  certain  cases,  and  would 
less  be  employed  oftencr  were  nurses  properly  trained  to  the  a 
tion  of  leeches.  In  some  injuries,  where  vessels  have  been  ru 
and  internal  hemorrhage  has  taken  place,  the  .safety  of  a  hmb  : 
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at  stake  when  the  swelling  of  inflammation  supervenes  upon  that  of 
the  injur)'.  The  skin  is  tense  and  shining,  the  color  is  dusky,  and  the 
blood  Rows  slowly  back  into  its  channels  after  being  forced  away  by 
pressure.  This  condition  is  often  accompanied  by  severe  pain.  Under 
these  circumstances  free  incisions  are  indicated  to  relieve  the  passive 
hyperemia.  The  venous  blood  can  now  escape,  and  is  replaced  by 
fresh  arterial  blood  which  otherwise  could  not  iiave  entered  the  limb. 
The  relief  of  pressure  opens  the  collateral  vessels,  and  the  circulation 
b  once  more  restored.  Such  incisions  should  be  sufficiently  long  and 
deep  to  give  free  relief  to  tension.  They  should  be  carried  down 
through  the  skin  and  superficial  fascia,  and  through  the  muscular 
&scia  if  necessary.  If  done  with  thorough  aseptic  precautions,  a  sim- 
ple fracture  may  be  converted  into  a  compound  fracture  temporarily, 
and,  after  the  crisis  is  passed,  the  wound  may  be  closed  again  in  two 
or  three  days  if  desired.  The  superficial  scarifications  often  employed 
are  of  little  or  no  value.  If  it  is  desired  to  avoid  a  long  incision,  alter- 
nating short  incisions  may  be  substituted,  or  numerous  deep  punctures 
can  be  made  with  the  point  of  the  knife,  and  the  flow  of  blood  and 
serum  may  be  promoted  by  antiseptic  fomentations.  Moist  applica- 
bons  upon  fresh  open  wounds  thus  made  often  pave  the  way  for  future 
suppurations.  The  large  incision,  with  dry  aseptic  gauze  dressing,  is 
Ibcrefore  the  safer  method. 

Counterirritation  is  of  much  value  in  chronic  forms  of  inflammation, 

and  may  be  applied  by  the  actual  cautery,  the  blister,  or  by  milder 

measures,  such  as  tincture  of  iodin  or  mustard  plasters.     The  actual 

cautery  is  still  often  used  in  chronic  tuberculosis  of  joints  or  other 

chronic  forms  of  joint-inflammation.     It  may  be  applied  by  tlie  Pa- 

qudin  cautery  on  several  i.solatcd  points  or  in  crossing  lines.     The 

ipphcation  can  be  repeated  a  week  or  two  later,     Iodin  is  useful  when 

1  milder  and  more  continuous  irritation  is  desired.     The  part  to  which 

the  application  is  made  should  receive  two  coats  at  first.     The  iodJn 

may  then  be  painted  on  daily  for  one  or  two  days,  after  which  it  is 

*^U  to  wait  a  day  or  two  for  the  irritation  thus  caused  to  subside 

bdiwe  repeating  the  application.     The  fly-blister  is  a  powerful  absorb- 

H>L    If  such  an  efiect  be  desired,  a  blister  about  one  inch  square  may 

Ik  jpplicd,  and  two  or  three  days  later,  after  the  blister  thus  produced 

W  dried  and  the  skin  has  exfoliated,  a  second  blister  may  be  applied 

l^ttn  the  same  spot.     This  usually  produces  a  marked  irritation  of  the 

•Im.  extending  to  the  subcutaneous  tissue.     When  the  swelling  thus 

ptduced  is  absorbed,  the  old  infiltration,  enlarged  gland,  or  bursal 

rfnscm  also  frequently  disap[>ears.     Dry  and  wet  cups  are  out  of 

«*hion,  but  arc   undoubtedly  valuable   agents  in   the   dispersion   of 

^'"wuc  and  dccp-scated  exudations  which  resist  the  ordinary  reme- 

Compression  is  a  valuable  agent  to  keep  down  swelling  in  the  early 
**gK  nf  inflammation  and  to  produce  the  absorption  of  eflijsion  in 
**  liter  stages.  It  must  be  applied  with  care  whenever  there  is  any 
?K>tJon  as  to  the  integrity  of  the  circulation.  In  injuries  of  joints  the 
•foion  is  often  markedly  restrained  by  equable  pressure,  and  the 
Wod  of  convalescence  is  thus  diminished.  Pressure  will  cause  old 
oSiiiied  (glands  or  other  chronic  and  rebellious  swellings  to  disappear. 
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To  be  applied  efficiently  to  any  portion  of  a  limb,  it  should  be  used 
conjunction  with  a  splint.  Thus,  in  the  case  of  housemaid's  knee 
ham  splint  having  been  applied,  a  compressed  sponge  of  appropri; 
size  can  be  bandaged  firmly  to  the  swollen  bursa,  after  which  moisti 
should  be  applied  to  the  sponge  to  increase  the  local  pressure.  T 
whole  knee-joint  may  be  firmly  compressed  in  this  way.  I 

Rest  is  essential  in  the  treatment  of  inflammation.  For  this  p 
pose  the  patient  should  be  confined  to  bed  if  the  inflamed  part  cam 
be  rested  in  any  other  way.  In  acute  inflammations  of  the  bladi 
such  a  precaution  is  essential.  The  lower  extremity  should  be  t 
vated,  and,  indeed,  it  may  be  said  that  elevation  of  the  inflamed  p; 
wherever  situated,  is  a  valuable  adjunct  to  the  treatment.  In  disea 
of  the  prostate  gland  elevation  of  the  hips  often  gives  marked  re! 
to  the  symptoms. 

l^y^pLological  fE&t  of  ^uch  organs  a^  the  bluckler  or  The  brAin  ib  ntoi^t  vnluable  in  tt 
eases.  In  some  hmiii  injuries  al>*ii!me  menial  (luiclude  is  essenlial  for  many  week*  . 
the  itceiclenl.  In  certain  fonn^  of  chronic  cvatilis  which  do  not  yield  to  other  treatnien 
opening  into  the  bladder  tiy  L-yslotumy  will  give  Ihe  needed  reiit,  and  is  ofleQ  fallowe 
prom]Jl  amelioration  of  the  symptoms. 

Massage. — After  the  inflammatory  swelling  has  subsided  the  n 
cles  are  found  to  be  smaller  and  less  pliable,  the  tendons  do  not  ni 
easily  in  their  sheaths,  and  the  capsules  of  joints  are  matted  togei 
and  do   not   unfold   readily.      The    limb  is  stiff  and    unserviceal 
attempts  to  use  it  are  followed  by  increase  of  pain,  and  frequently 
some  of  the  other  of  the  old  symptoms  from  which  it  has  suffered, 
is  in  this  stage  that  massage  is  of  value.     Massage  is  deep  rubbing, 
is  a  great  advance  over  the  superficial  rubbing  produced  by  linim< 
By  ma.ssage  the  deep-seated  exudations  are  softened  and  the  circ 
tion  in  the  deep  lymphatics  is  re-established,  so  that  absorption  goe 
again.    The  circulation  of  the  blood  at.so  becomes  more  active,  so 
the  disabled  parts  receive  proper  nourishment.     The  term  "  rubbi 
includes  kneading,  pressure,  and  such  manipulations  as  will  transi 
rigid  into  limber  structures.      Passive  motion  is  a  valuable  adjunc 
massage,  as  it  stretches  muscles  and  thus   restores  their  function, 
also  loosens  the  shrunken  capsule,  and  enables  the  tendon   to  slid 
and  fro  again  through  its  sheath.    Unless  the  parts  have  been  soft 
sufficiently  by  massage,  passive  motion  may   lacerate  the  imperii 
organised  exudations  and  cause  hemorrhage  and  inflammation,  w 
will,  of  course,  retard  the  process  of  convalescence.     It  should  tl 
fore  be  used  only  after  the  acute  symptoms  of  inflammation  have 
sided  and  massage  has  paved  the  way  for  bending  and  stretching 
affected  tissues.     In  the  aged  and  feeble  the  disease  of  a  limb  or  a 
may  lead  to  permanent  disability  if  the  important  aids  to  the  treat 
of  inflammation  are  neglected.     In  cases  of  injury  awaiting  tri 
actions  of  tort,  this  portion  of  the  treatment  is   usually  neglected 
one  has  an  opportunity  to  see  how  long  a  limb  may  remain  disab! 
proper  measures  arc  not  taken  to  restore  the  function  of  the  part. 

Constitutional  Treatment. — The  old  heroic  methods  of  purg 
and  emetics  and  resolvents  have  passed  away,  and  the  "  antiphlogi 
treatment  has  been  superseded  by  the  antiseptic  treatment,  and 
now  generally  recognized  that  supporting  measures  are  of  more  ir 


ancc  than  the  old  depleting  system.  Inflammation  means  damage,  and 
the  constitutional  disturbance  which  precedes  or  accompanies  it  is 
usually  in  the  nature  of  either  shock  or  fever.  Both  of  these  conditions 
lowxT  the  vitality  of  the  system  and  render  it  less  capable  of  exerting 
its  natural  powers  of  recovery.  Every  opportunity  should  be  given  it 
to  do  this.  Rest  to  the  body  is  therefore  important,  as  well  as  rest  to 
the  injured  member.  There  should  be  no  waste  of  tissue  or  strength 
allowed,  as  all  is  needed  for  repair, 

The  patient  should  be  kept  quiet  during  the  period  of  pyrexia,  as 
at  this  time  the  system  is  peculiiirly  susceptible  to  outward  influences, 
and  complications  of  various  kinds  may  in  this  way  be  avoided.  Suit- 
able rest  can  best  be  obtained  in  bed  if  there  is  much  fever,  and  under 
such  conditions  no  patient  should  be  allowed  to  be  the  Judge  of  what 
suits  his  own  peculiar  temperament.  Proper  ventilation  of  the  sick- 
chamber  is  essential,  but  neither  the  nurse  nor  the  patient  should  be 
allowed  to  decide  how  this  should  best  be  accomplished. 

Diet  is  of  great  importance,  and  should  be  as  nourishing  as  is  pos- 
sible under  existing  conditions.     The  stomach  should  be  supplied  with 
autritious  and  quite  digestible  food.     Milk  is  the  most  valuable  of  all 
bquid  forms  of  food,  and  can  be  readily  digested  at  all  periods  of  life, 
in  ^te  of  the  popular  prejudice  that  it  is  apt  to  "disagree."      Care 
should  be  taken  to  have  a  good  article,  and  if  there  is  any  doubt  as 
to  its  quality,  it  should  be  sterihzed.      Mixed  with  lime-water  or   bicar- 
bonate of  potassium,  milk  is  less  liable  to  coagulate  and  to  cause  indi- 
gestion, and  if  given  at  first  in  this  way  and  in  small  quantities,  it  can 
usually  be  well  borne  even  by  those  who  are  unaccustomed  to  it  as  an 
uticlc  of  diet.      It  is,  however,  contraindicated  after  operations  upon 
the  perineum  or  rectum,  or  in  any  case  when  it  is  important  to  avoid 
for  several  days  a  movement  of  the  bowels,  owing  to  the  large  amount 
<rf  fccal  residue  which   remains  after  it  has  been  digested.     A  liquid 
(Sict  without  milk  should    be  employed  under  these  circumstances. 
Meat-broths  should  then  be  substituted,  and  in  small  quantities,  some 
of  the  lighter  forms  of  solid  food  may  be  given,  such  as  eggs,  or  finely 
chopped  meat,  or  beef-  or  chicken-jelly.     Tea,  cocoa,  and  coffee  in 
wull  quantities  relieve  the  monotony  of  this  form  of  diet.     Pure  water 
ihould  always  be  given,  and  the  nurse  should  be  reminded  that  this  is 
M  cnential  article  on  the  diet-list.   When  given  in  small  quantities  and 
frequently,  it  favors  heat-dissipation,  helps  to  bring  about  lysis,  and 
tontnljutes  greatly  to  the  comfort  of  the  patient.     In  a  few  days  after 
aturgical  operation  a  varied  solid  diet  may  be  ordered  in  the  majority 
fdtises.    When   food  cannot  be   retained   by  the  stomach,  nutrient 
wWBIa  may  be  administered.     Enemata  of  water  or  of  normal  salt- 
»<rfiition  often  give  great  relief  to  thirst.     A  few  drops  of  laudanum 
"Bi'bc  added  to  an  enema  if  there  is  any  doubt  about  the  patient  being 
•bit  to  retain  iL 

Alcoholic  stimulants  are  valuable  during  fever  if  the  pulse  shows 
"ipB  of  weakness.  They  arc  a  safeguard  against  sepsis.  The  stom- 
*di  should,  however,  be  carefully  watched  during  their  admini. ft  ration, 
'liny  indi\-i duals  who  are  wholly  unaccustomed  to  the  use  of  alcohol 
"Wit  well  in  the  septic  forms  of  fever.  Then  alcohol  becomes  a  food, 
•aiooeof  the  most  valuable  kind.     During  convalescence  light  wines 
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or  beer  will  prove  valuable  aids  in  restoring  strength,  and  are  oftt 
prcfiTabii'  to  tonics. 

Antipyretics  have  little  permanent  influence  upon  fever,  and,  owir 
to  their  debilitating;  effect  upon  the  heart's  action,  are  usually  contr 
indicated  in  surgical  cases.     They  may,  however,  be   used  to  relie' 
pain,  particularly  of  a  spasmodic  character,  and  those  forms  of  pain 
spasm  which  recur  at  certain    regular  intervals.     They  may  then 
serviceable  in  breaking  up  an  annoying  complication  of  this  nature. 

Mercury  was  romiFrly  used  with  gTEHl  freedum  in  all  inflntnmaloiy  praoeasFS,  hs  il  i 
supjwsrd  lu  exrti  a  rt'?>oIvent  action  upon  librinau^  ckudAtiou.  lU  uw  hu;,  with  jusU 
bMii  \cry  gcMcially  discarded  at  the  present  time. 

Purgatives  were  also  used  frt^iy  under  the  antiphlogistic  syste 
They  are  now  indicated  only  as  a  preventive  against  the  storing  up 
the  intestinal  tract  of  materials  likely  to  lead  to  auto-inoculation.  Th 
exert  a  derivative  action  in  threatening  inflammation  or  congestions 
the  meninges  of  the  brain,  as  they  relieve  the  tension  of  the  circulati 
and  remove  all  sources  of  reflex  irritation  from  the  intestinal  canal. 

In  threatening  peritonitis  laxatives  are  indicated  to  restore  the  m 
mal  peristaltic  movements  and  to  act  upon  the  secreting  powers  of  1 
intestinal  mucous  membrane,  and  thus  draw  freely  upon  any  fluids  tl 
may  exist  in  the  peritonea!  cavity  in  the  so-called  "dead  spaces." 

Diaphoretics  an  but  little  used  in  this  condition.  Mild  diaphoresis  is  of  rain 
niihlvniting  fevft  and  thus  contributing  to  the  comfort  of  the  patient.  The  judicious 
of  w.ilei  n>  a  drink,  alitne  or  iimibined  with  some  tnild  drug,  such  as  sweet  s[Hrit&  of  b 
liol  oulj-  has  lhi»  action,  bul  is  also  sedative  and  diuretic. 

Anodynes  arc  most  valuable  in  the  treatment  of  inflammation, 
the)'  not  only  relieve  the  most  disagreeable  sjTnptom  of  inflammat 
— namely,  pain — bul  give  relief  to  the  malaise  of  fever,  and  thus  fa 
repose.     Opium  in  the  form  of  morphin  is  ix-rhaps  the  most  reliable 
all   anodynes.     When   a   moderate  action   only  is  required,  it  can 
given  by  the  mouth  in   dose.';  *ii  \  to  J  of  a  grain.     If  there  is  i 
question  as  lo  the  ability  of  the  stomach  to  retain  it,  or  if  it  is 
ttirbed  in  its  action  by  the  drug,  then  the  opiate  may  be  given  by 
rectum  in  a  supfwstlorj'.      Subcutaneous  injections  of  morphin  are 
be  used  only  when  the  jiain  is  severe  or  a  rapid  action  is  essential, 
private  practice  the  .idmini^t ration  i>f  a  subcutaneous  injection  of  n 
phin  shtnild  be  a  rare  occurrence  with  the  surgeon.     Occasion 
aUnning  symptoms  of  heart-failure  are  produced,  perhaps  by  the 
jection  of  the  fluid  dirvctly  into  a  vein,  or  from  idiosyticr^tsy. 
greater  d;inger  lie-<  in  the  "  habit,"  so  rcadiU-  acquired  by  patients. 
subctilaiiCTHis  injection  of  morphin  mav-  be  used  in  the  first  twenty-l 
hours  after  an  o(ieration.  and  for  one  or  two  nights  after  a  painful  o 
fttion.  but  il  should  never  beconte  a  mutine  method  of  treatment. 

Bromiil  of  polassiimi  will  often  t»:lieve  manv-  attacks  of  so-ca 
"  pain."  which  arc  real!)'  nothing  niore  than  discomfort  and  restlessr 
Neuralgic  aivd  spasmodic  [vain  can  be  rrlicvTd.  »s  shown  abovx 
phenacetin.  Sullonal  and  irional  an;  both  useful  as  hj-pnotics, 
btter  acting  rather  motr  rajudlv-  than  the  former ;  but  both  art  e 
uncrrtain  in  their  action.  Chloral  ir)  snuU  doses,  5  to  7  grains,  ca; 
emplo\-ci)  when  other  remitties  fail :  but  care  should  be  taken 
patients  do  not  become  1\mi  accustomed  to  the  dose. 


Tonics  are  indicated  after  fever  has  subsided.  It  is  useless  to  give 
them  during  pyrexia,  as  they  simply  aid  convalescence,  but  cannot 
prevail  over  an  unfavorable  condition.  In  case  of  fever  they  become 
an  additional  burden  to  the  stomach.  They  are  especially  indicated  in 
Uio.se  cases  w  here  the  appetite  flags,  and  where  it  i.s  desirable  for  various 
reasons  not  to  recommend  the  use  of  alcohol.  A  young  and  healthy 
patient  will  convale.sce  from  an  injury  or  an  operation  under  a  generous 
diet  wnthout  the  aid  of  either. 
■  On  di.scharging  a  patient,  careful  directions  should  always  be  given 

'     as  to  the  regulation  of  the  mode  of  life  and  the  precautions  needed  in 
the  care  of  local  conditions. 


I 


TKc  iiTera£«  patienr  regard}  an  operalion  a&  a  panacea  which  enables  him  afterward  to 
do  >s  be  pleases.  Many  an  iniponanl  cns«,  cunduoled  willi  gtenl  bkill  Ihiuugh  the  critical 
tOgrs  of  hdliag.  has  finally  cdidc  to  grief  Ihmugh  Ihc  n^lecl  of  some  simple  precaulions 
br  the  pulicDt  him«elf.  A  convalescent  is  a  man  relieved,  ptrh.ipb,  from  some  giikve  disease, 
bin  for  the  tiinc  beiog  with  wsccplibilily  la  outward  conditions  to  which  previously  he  has 
bten  ■  sttvnger. 

I-OCAL  INFECTION  AND  ITS  TERMINATIONS. 

That  form  of  inHammation  which  is  due  to  the  action  of  bacteria  is 
called  infective  inflammation.     It  differs  markedly  from  simple  inflam- 
mation in  the  severity  of  many  of  its  symptoms.     One  of  the  most 
characteristic  features  of  septic  inflammation  is  its  tendency  to  spread. 
Simple  inflammation  involves  a  certain  area  in  a  short  space  of  time, 
Kcording  to  the  amount  of  injury  inflicted,  and  then  steadily  subsides. 
Sqitic  inflammation  may  spread  indefinitely,  and  there  is  no  certainty 
as  to  the  extent  of  area  which  it  may  cover.     The  color  of  infective 
inflammation  is  also  quite  characteristic.     The  bright-red  blush  stands 
out  tn  strong  contrast  to  the  surrounding  tissues.     All  the  symptoms 
UK  usually  more   pronounced,  as  the  inflammation   is  essentially  an 
acute  one.     There  is,  however,  great  variabilitj'  in  the  symptoms,  and 
in  wme  of  the  most  malignant  forms  of  spreading  sepsis  there  maj'  be 
but  little  change  in  the  color,  the  parts  assuming  the  appearance  of 
edema.    The  constitutional  disturbance  is  always  well  pronounced,  and 
6o«  hand  in   hand  with  the  local   conditions.     Septic  inflammation 
""ally  tcnninates  in  suppuration. 

The  organisms  which  are  most  commonly  found  in  these  conditions 
*re  knonm  as  the  pyogenic  organisms.  They  produce  chemical 
tlttnges  in  the  tissue  by  the  formation  of  a  toxic  substance  or  poison. 
The  substances  exert  a  ])eptojiizing  action  upon  the  cells  of  the  part, 
ixlausc  a  coagulation-necrosis  or  death  of  the  tissues  in  the  immedi- 
*•«  nrighborhood  of  a  group  of  microbes,  and  bring  about  in  the  sur- 
munding  tissues  a  reaction  which  softens  them  and  changes  them  into 
V^*-  In  this  way  the  affected  area  is  separated  from  the  rest  of  the 
™^.  and  when  the  pus  escapes  the  products  of  disease  are  discharged 
""i  it  Under  less  favorable  conditions  the  reaction  is  less  effetrtive, 
"'organisms  continue  to  spread  in  the  surrounding  parts,  and,  al- 
"•""Ch  tuppur.ition  may  take  place,  the  walls  of  the  suppurating  cavity 
'■"in  bacteria  which  are  still  in  active  growth  and  are  invading  new 

The  most  common  forms  of  bacteria  found  in  suppuration  are  the 
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pyogenic  cocci,  viz. :    i.  The  Staphylococcus  pyogenes  aureus,  albi 

citreus,  and  epidermidis  albus.  2.  The  Streptococcus  pyogenes.  (S 
Chapter  I.)  In  addition  to  these,  there  is  a  variety  of  micro-organisi 
which  less  frequently  are  the  cause  of  suppuration. 

The  Bacillus  pyocyatuiis  is  an  organism  found  in  green  and  blue  pi 
It  is  not,  strictly  speaking,  a  pus-producing  organism,  and  is  general 
associated  with  some  other  form  of  pyogenic  coccus.  The  character 
tic  greenish-blue  color  is  usually  found  on  the  outer  margins  of  t 
stained  dressings.  The  Bacillus  pyojrencs  fatidvs  is  found  in  the  offt 
-sive  abscesses  in  the  neighborhood  of  the  rectum.  The  Micrococt 
Utragcnus  has  been  found  in  acute  abscesses;  the  inflammation  pr 
duced  by  it  is  not  usually  severe,  but  is  somewhat  prolonged. 

The  Bacillus  coli  communis,  or  the  colon  bacillus,  is  found  in  nom 
discharges  from  the  alimentarj' canal.  It  is  found  principally  in  I 
large  intestine.  It  is  a  source  of  suppuration  in  parts  liable  to  infect 
from  these  regions  of  the  body. 

This  organism  ih  found  in  aclive  growth  in  auppurative  and  gBngrenous  appendii 
and  has  also  been  found  in  olhcr  fi^nJis  of  perfnr.Hive  jierilonilis,  and  in  suppuiBlivc  \ 
e^s^s  in  the  peritoneal  tavity.  Inasmuch  as  ii  is  cvncunlod  with  Ihi?  discharges,  it  cai 
obtained  in  tullurcs  taken  from  the  skin  in  the  neighborhfitMl  of  the  anus,  tile  vulva, 
occasiijnally  the  prepuce.  It  consequently  niay  be  introduced  by  inslraiuenls  inlo  the  ge 
urinary  tract,  and  become  n  source  of  suppumtion  along  this  route,  producing  cystitis 
pyelonephritis. 

Other  organisms,  under  favorable  conditions,  may  lead  to  suppi 
lion,  such  as  the  gonococcus,  the  pneumococcus,  the  typhoid  bacil 
and  the  organisms  which  produce  the  various  forms  of  trauir 
infective  disease. 

The  Streptococcus  erysipelatis  is  now  regarded  as  identical  with 
Streptococcus  pyogenes.    It  does  not  usually  produce  suppuration 
may  be  the  cause  of  minute  cutaneous  abscesses  or  the  sprea 
form,';    of  subcutaneous  inflammation,  known  as  phlegmonous 
sipelas. 

The  Bacillus  tuberculosis  does  not  cause  the  formation  of  pus 
cept  possibly  in  exceptional  cases.  It  is  the  organism  which  ca 
what  is  commonly  known  as  cold  abscess. 

The  Aimvha  coli  is  a  protozoon  found  frequently  in  the  intes 
canal,  principally  in  tropical  climates.  It  is  as.sociated  with  ce 
forms  of  dysentcrj'.  and  under  lhe.se  circumstances  may  pre 
abscess  of  the  liver.  The  contents  of  such  abscesses  are  a  t 
brownish-red  material,  the  products  of  Ijroken-down  liver-tissue  r 
than  true  pus.  When  the  latter  is  found,  there  is  probably  a  n 
infection. 

The  question  whether  suppuration  can  be  established  withou 
intervention  of  bacteria  is  one  about  which  there  has  been  mucl 
pute.  It  is  now  pretty  definitely  settled  that  clinically  we  do  not  c 
suppuration  in  any  other  way  than  through  the  agency  of  micro-o 
isms.     (Sec  Chapter  I.) 

Immunity. — The  pyogenic  bacteria  do  not  produce  suppu 
in  the  body  whenever  introduced  into  it  It  is  only  under  c 
favorable  conditions  that  this  is  accomplished. 

Many  bacteria  are  rapidly  absorbed  from  the  point  of  entra 
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that  is.  taken  up  into  the  circulation  and  swept  into  different  parts  of 
the  body  before  they  have  an  opportunity  to  grow  locally.  The  rapid- 
it>-  with  which  they  are  eliminated  from  the  system  is  often  remarkable, 
TTjey  appear  to  be  actually  destroyed  in  the  blood-serum  itself,  in 
virtue  of  a  substance  ("defensive  proteiii,'"  "  iiuclein  ")  which  it  con- 
tains, that  exerts  a  germicidal  action  upon  them.  This  substance  is 
soluble  only  in  an  alkaline  medium,  aiid  consequently  it  is  necessary 
that  the  serum  should  be  alkaline  in  order  to  possess  this  power. 
This  substance  is  said  to  be  derived  largely  from  the  leukocytes,  which 
appear  to  have  the  power  also  of  exerting  a  protective  influence  in 
virtue  of  their  phagocytic  action. 

The  German  school  relies  chiefly  upon  the  bactericidal  powers  of 
the  blood-serum  as  a  protective  agent.  The  French  school  lays  more 
Stress  upon  the  theory  of  phagocytosis.  It  is  probable  that  local 
infection  is  resisted  by  the  accumulation  of  leukocytes  at  the  point 
of  invasion,  and  that  their  protective  powers  are  exerted  partly  in 
virtue  of  their  phagocytic  action  and  partly  by  a  chemical  substance 
given  off  by  them  (germicidal  proteid).  It  seems  also  probable  that 
protection  against  general  infection  is  exerted  by  the  blood-serum 
aided  by  the  chemical  substances  given  off  by  increased  numbers  of 
leukocytes. 

The  •unction  of  leukocWes  \a  h  point  of  infcclion  appears  lo  be  rlue  to  a  jiower  of 
HtHTttT^g  cclU,  known  as  chcmotnxi^  a  chemical  allmctioii  or  irritation  produced  by  ihe 
pwlriJi  of  the  baclerin. 

.^er  introduction  into  the  body,  bacteria  are  often  found  at  distant 

points,  as  the  lymphatics  of  the  diaphragm  or  the  capillaries  of  viscera. 

Here  they  are  observed  frequently  in  the  leukocytes  of  the  circulating 

blood  or  in  the  endothelium  of  the  capillaries,  the  cells  of  which  seem 

to  possess  active  phagocytic  properties.     Those  not  destroyed  may 

be  eliminated  by  the  kidneys,  through  the  mucous  membrane  of  the 

intestines,  or  even  through  the  respiratory  organs.      Bacteria  have  also 

Wn  found  in  the  perspiration  of  individuals  suffering  from  septicemia. 

Among  the  conditions  favorable  for  infection  is  the  amount 

or  dose  of  the  poison    received   into    the    system.     The  experiments 

of  wtious  observers  have  shown  that  a  very  large  number  of  bacteria 

tuy  be  injected  without  producing  any  result.     Watson  Cheyne  found 

that  it  ti'as  necessary  to  inject  a  dose  of  i  ,000,000,000  of  the  Staphylo- 

occus  pyogenes  aureus  into  the  mu.scles  of  a  rabbit  in  order  to  pro- 

•Jiice  a  ^tal  result     As  the  human  being  is  not  very  su.sceptible  to 

Itc  pyogenic  organisms,  considerable  numbers  can  be  left  in  a  wound 

'™oul  producing  evidences  of  their  presence.     Under  varying  influ- 

oiK*  the  virulence  of  bacteria   may  be  greatly  increa.sed  or  dimin- 

"hed.  and  consequently  the  dose  of  any  given  organism  may  vary 

wnsdcrably. 

The  state  of  the  tissues  in  which  the  organisms  are  arrested  is  an 
""pfriant  factor  also  in  the  question  of  suppuration.  A  diminution  in 
"*  vitaliiy  nf  a  part  furnishes  a  soil  favorable  for  bacterial  growth, 
^toiiic  animals  resist  inoculation  with  the  aureus  much  less  vigor- 
*»jrilun  those  in  health.  This  is  in  accord  with  the  well-recognized 
™"Q1  &a  that  furunculosts  is  a  sign  of  a  debilitated  condition  of  the 
*yBoii. 
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Slight   injuries  appear  to  favor  infection   more   readily  than  th 
severer  forms,  in  which  the  inflammatory  reaction   Is  vigorous   an 
protective   in    its   influence.      Osteomyelitis   and   tuberculosis  of  tt 
bones  find  their  starting-points  in  slight  bruises  in  the  bones  in  chi 
dren  who  arc  run  down  or  over-fatigued.     Such  diseases  arc  nevi 
observed  as  a  comphcation  of  simple  fractures.     The  pressure  of 
foreign    body  may  be  the   source  of  an  irritation  which  paves  tl 
way  for  a    bacterial   infection.     Obstructions  of  the   secretions.  su( 
as   milk   in   the   puerperal   breast,  are   predisposing   causes   of  su 
puration.     Whether  the  presence  of  sugar  in  the  blood  directly  favo 
the  action  of  the  pyogenic  cocci  is  uncertain.     It  is  more  probat 
that  the  diminished  vitality  of  the  system  is  the  favoring  elemei 
Those  addicted  to  the  excessive  use  of  alcohol  are  especially  susce 
tible  to  infection.     A  feeble  circulation,  such   as  is  seen  in   hyposta 
congestions,  favors  a   local  infection,  as  does  also  the  impairment 
the  innervation  of  a  part.     The  healthy  peritoneum  can  absorb  lar 
numbers  of  bacteria ;  but  when  injured  in  such  a  way  that  its  pov 
of  absorption  is  seriously  disturbed,  the  conditions  for  infection  ; 
most  favorable. 

Racial  peculiarities,  although  they  play  a  prominent  part  in  p 
disposition  to  certain  diseases,  do  not  exert  much  influence  one  way 
the  other  on  suppuration.  The  same  may  be  said  of  locality,  althou 
instances  of  certain  forms  of  infective  inflammation  have  been  credl 
to  certain  localities,  such  as  osteomyelitis  in  Switzerland  and  Germa 
Less  importance  is  attached  to  the  season  of  the  year,  as  an  elcm 
in  infection,  than  was  ^ven  it  before  the  antiseptic  era. 

The  possibilities  of  auto-infection  should  always  be  borne  in  mi 
Park  has  dwelt  upon  the  danger  of  infection  from  this  source,  and 
importance  of  due  attention  to  the  excretions,  particularly  those  of 
intestinal  canal. 

I,ocal  Action  of  Pyogenic  Organisms. — When  the  conditi 
for  suppuration  are  favorable,  if  a  culture  of  the  staphylococcus 
injected  into  the  tissues,  the  bacteria  multiply  rapidly  and  invade 
intercellular  substance  and  the  pre-existing  cells  of  the  part.  The  < 
ditions  found  in  acute  inflammation  soon  present  themselves.  Exi 
tion  and  emigration  of  leukocytes  begin,  and  enormous  numbers  of  p- 
nucleated  leukocytes  are  found  between  the  connective-tissue  fiber; 

The  cocci  show  a  tendency  to  aggregation  in  groups,  and  fon 
more  or  less  continuous  mass  with  the  infiltration   of  leukocytes. 
the  second  or  third  day  the  granulation-tissue  begins  to  soften  in 
center,  as  a  result  of  the  coagulation-necrosis  and  consequent  brea' 
down  of  tissue  produced  by  the  action  of  bacteria  and  the  abuni 
exudation.     At  the  periphery  of  the  inflamed  mass  the  coccus 
!eukoc>'te  infiltration  continues  to  spread;  the  cocci  grow  in  thick 
umns,  with  small  groups  here  and  there  along  their  borders,  w 
groups  separate  and  grow  into  the  surrounding  tissue  (Fig.  19).     In 
way  local  suppuration  or  abscess -form  a  tion  is  established,  and  by  the 
tinned  growth  of  the  bacteria  burrowing  of  pus  may  be  brought  al 

There  is  a  marked  difference  between  the  action  of  the  staphylc 
cus  and  that  of  the  streptococcus.  The  tatter  does  not  posses; 
tendency  to  promote  local  suppuration.     It  creeps  rapidly  througl 
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tissues,  and  produces  in  this  way  a  spreading  inflammation.  It  exerts 
a  less  active  peptoniKiny  action  upon  the  tissues  than  docs  the  aureus. 
WTidi  deprived  of  o.xygcn,  tht-  peptonizing  action  comes  out  more 
strongly.  Consequently,  under  favoring  conditions  it  might  be  ex- 
pected to  cause  suppuration,  and  this  action  it  does  exert  during  the 
liter  stages  of  the  period  of  its  invasion  of  the  tissues. 

The  staphylococcus,  owing  to  its  mode  of  growth,  tends  to  remain 
localized,  and  produces  inflammations  with  well-defined  areas.  It  is 
the  oi^nism  most  frequently  found  in  the  typical  abscess.  The  strep- 
tococcus, although  it  may  cause  suppuration,  is  identified  with  those 
forms  of  inflammation  which  invade  the  tissues  through  the  lymph- 
qaccs  and  vessels.  It  is  found  in  those  septic  inflammations  which  are 
the  result  of  wounds  received  during  dissections  or  operations  on  highly 
septic  tissues.  Such  inflammations  are  accompanied  by  lymphangitic 
■n^ulvemcnt  of  the  adjacent  lymphatic  glands  and  by  marked  constitu- 
tional disturbance.  The  organism  gains  an  entrance  into  the  circulation 
readily,  and  where  conditions  are  favorable  may  multiply  enormously, 
producing  that  grave  form  of  infecrion  known  as  septicemia.  If  its 
ad^iuice  has  been  resisted  successfully,  it  may  remain  more  or  less 
localized,  and  will  then  probably  produce  that  type  of  suppuration 
IcnowTi  as  spreading  abscess,  or  purulent  infiltration.  These  forms  of 
suppurative  inflammation  are  known  as  phlegmonous  inflammation  or 
phlegmonous  erjsipelas. 

Infective  inflammation  may  also  terminate  in  death  of  the  part.    This 
occurs  in  the  more  virulent  forms  of  infection,  where  the  protective  in- 
Bucncc  of  the  serum  and  the  cells  is  incapable  of  staying  the  progress 
of  infection.     The  toxic  substances  produced  by  the  cocci  are  found  in 
great  abundance,  and  destroy  the  tissues  with  which  they  come  in  con- 
tact before  suppuration  can  be  established :    considerable  portions  of 
tii5ue  necrose,  and  extensive  sloughing  or  gangrene  occurs.    The  rap-' 
irfly  spreading  gangrene  following  complicated  fractures   or  wounds 
P"iwned  by  splinters  of  wood  or  other   sub.stances  are   e.vamples   of 
tnistj'pc  of  inflammation,  which,  fortunately,  is  rare. 

bcptic  inflammation  of  light  degree  may  terminate  by  resolution. 
This  is  .'*et-n  in  wounds  that  have  not  been  treated  by  careful  antiseptic 
"icltiods.  and  was  common  before  the  days  of  antisepsis.  For  a  few 
^y^  the  edges  of  the  wound  are  red  and  swollen  and  there  is  more  or 
™ievcr.  It  was  formerly  considered  the  tj-pe  of  traumatic  inflamma- 
""W. Mid  was  supposed  to  be  es.uential  to  repair.  Such  an  inflammation 
TOy.  however,  subside  with,  at  the  most,  a  little  seropurulent  discharge 
frffiitlic  stitch-holes. 

Tlircatcning  suppuration  may  be  prevented  by  a  prompt  use  of  the 
'inifr,  which  exposes  the  infected  area  and  enables  the  surgeon  to  apply 
aniiicptic  agents  directly  to  the  infected  tissues. 

In  the  more  serious  fornis  of  spreading  sepsis  free  inci.sions  are  in- 
'•aied,  followed  by  the  application  of  antiseptic  poultices,  which  favor 
*'frftow  of  fluid  from  the  part,  thus  enabling  the  tissues  to  throw 
""the  virus.  Suppuration,  it  should  always  be  remembered,  is  Nature's 
"whml  of  ridding  ihc  infected  parts  of  the  morbid  substances.  With 
'w  formation  of  pus.  liquefaction  of  the  tissues  occurs,  and  with  its 
™chargc  the  "  peccant  humors  "  are  eliminated  from  the  body. 
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SUPPURATION!    ABSCESS:   ULCER j  SINUS;   FIST 

SUPPURATION. 

Suppuration  takes  place  in  the  tissues  by  virtue  of  the  peculi 
peptonizing  or  digestive-  action  which  the  micro-organisms  exert  upi 
them,  and  also  as  the  result  of  the  more  or  less  complex  chang 
which  occur  in  them  in  their  efforts  to  oppose  bacterial  invasion. 
is  one  of  the  manifestations  of  the  resistance  of  tissue  to  the  prcsen 
of  poisons    (Thayer).     The   organism  more  frequently   concerned 
suppuration  is  the  Staphylococcus  pyogenes  aureus  and  other  me 
bers  of  this  group.     The  points  of  entrance  of  these  organisms  ir 
the  body  varj'  greatly.     In    operative   surgery  they  arc   introduc 
directly  into  the  wound  on   dirty  instruments  or  dressings  or  by  I 
hands  of  the  surgeon.     When  they  thus  gain  an  entrance  in  sufficii 
numbers  they  cause  suppuration  and  prevent  healing  by  first  intenti 
Wounds  which  have  been  greatly  bruised  either  by  injurj'  or  irritat 
antiseptic  agents  or  prolonged  manipulation  are  more  susceptible 
their  action  than  cleanly  cut  wounds.    The  same  is  true  of  wounds 
lips  of  which  arc  in  a  state  of  tension. 

Bacteria  cannot  gain  an  entrance  directly  through  the  cutis  vi 
but  may  find  their  way  through  the  numerous  minute  openings  of 
•  skin,  more  particularly  the  hair-follicles  and  the  sebaceous  glands,  i 
perhaps  also  the  sweat-ducts.  This  has  been  demonstrated  by  Ga 
who  rubbed  a  large  quantity  of  an  aureus  culture  into  the  uninju 
skill  of  his  left  arm  and  produced  a  carbuncle. 

The  bacteria  also  frequently  gain  an  entrance  through  mir 
wounds  in  the  skin,  and  many  severe  internal  suppurations  such 
osteomyelitis  trace  their  origin  to  infection  through  this  route, 
child  is  con.stantly  receiving  bruises,  and,  if  the  system  is  enfeeb 
the  pyogenic  organisms  which  abound  in  dirty  clothing  may  be  inc 
lated  into  these  openings. 

Tlie  nates  of  oar^imeii,  iiarlicularly  when  overt  rained,  receiving  abrasions  from  frit 
are  eiposed  (o  infection  from  the  clothing  saturated  with  (he  ]in)tiucts  of  culaneous  e 
linn  and  desquamation.  The  nasal  cavity  h  usually  free  from  bacteria,  bul  the  phi 
and  the  mouth  contain  large  numbers  of  bacteria  of  a  great  mnnv  A'arieties,  not  all  of  w 
however,  are  pntlioi;eme.  Pyogenic  organisms  ate  frequent  in  the  pharyni,  and  the  j 
mococcns  is  found  habitually  in  the  mouth. 

It  is  due  to  this  cause,  probably,  that  many  severe  operations,  e 
cially  these  of  the  digestive  tract,  are  followed  by  pneumonia, 
toilet  of  the  mouth  is  now  becoming  recognized  as  a  part  of  the  pr 
ration  of  a  patient  for  capital  operations.  The  tonsil  has  been  descr 
as  a  "  physiological  wound."  so  susceptible  is  it  to  infection.  Not 
tonsillitis,  but  probably  also  many  other  forms  of  internal  septic  f 
esses,  receive  their  virus  through  this  gate  of  entrance.     The  cer 
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l>ii)ph-glands  act  as  strainers  to  many  of  these  organisms,  and  more 
paiticularly  to  the  tuhcrcte  bacillus. 

Ma»T  pmdiogFnJc  or^Disnis  find  their  wav  iDto  the  jntestinal  canal  with  Food  and  drintc, 
and  muijr  are  indigenuus.  UtidiT  favi.>inb!e  ciicumslinco  perilnnesi  infL-clluu  may  iiccur 
diredlr  tfannigh  the  inlesiinal  walls,  Tiibcrculoui  ndenilii  of  ilie  mcMnleric  glands,  labe* 
metcBlgiic*.  owes  its  uri|;in  to  inretliuQ  fium  this  soarce.  Some  of  Ihe  most  gmve  infeclions 
■R  doc  to  a  sqisis  inlesniulis. 

From  whatever  source  they  are   derived,  the  bacteria  exert  their 

nic  action  only  when  concentrated  at  any  given  point  in  suf- 
numbers.  Capillar}-  systems  in  which  the  current  is  not  too 
acth'e  favor  these  conditions,  and  it  is  usually  at  some  such  point,  as, 
for  instance,  a  capillary  loop  of  the  kidney,  or  one  of  the  vessels  of  the 
rich  capillary  network  of  the  epiphyseal  hne  in  long  bones,  that  a  clus- 
ter or  plug  of  organisms  becomes  arrested.  As  the  organisms  multi- 
ply, the  material  (bacterial  proteid)  given  off  by  them  exerts  a  poison- 
ous action  on  the  adjacent  tissue,  resulting  in  a  coagulation  necrosis 
or  death  of  the  part  with  which  the  virus  comes  in  contact.  The  irri- 
tating substances  exert  a  cheniotactic  action  also  upon  the  wandering 
cells  and  leukocytes  which  presently  begin  to  appear  in  large  numbers, 
often  in  columns,  and  surround  the  mass  of  dead  tissue.  If  an  abscess 
b  examined  at  this  early  stage,  there  is  found  in  the  center  of  it  a 
duster  of  micrococci  embedded  in  a  mass  of  necrosed  tissue,  the  out- 
lines of  which  may  still  be  discerned,  but  which  forms  a  more  or  less 
Uauspafcnt  zone  around  them  ^Fig.  19).     Surrounding  this  mass  of 
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■*'■  ^— UrtMtallc  abacess  of  hiilncy  :  plugs  of  micrococci  in  cenlrnl  necrosis,  with  sunound- 
ing  cctl->nlillniliun  (oc.  3,  obj.  A)  |W.irri.-ii). 

Hakcn^urn  tissue  is  a  wall  of  leii!<oc>'tcs.  As  the  abscess  grow.s  in 
"*»  tlic  leukocytes  wander  into  the  necrosed  area  and  mingle  with  the 
■■CTiXiicd.  Many  of  the  foremost  ranks  of  the  wall  of  leukocytes  arc 
*P>raWd  from  their  neighbors  by  the  liquefaction  of  the  intercellular 
"•"two:,  which  lit]ucfaction  is  caused  by  the  peptonizing  action  of 
•»*tecieria.  To  this  fluid  is  added  that  which  escapes  from  the  adja- 
**M  blood-vessels  with  the  exudation.     In  this  way  the  amount  of 
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fluid  material  is  increased.  At  this  stage  the  central  area  is  occupie 
with  n  seiiii-fliiid  mass  containing  fragments  of  broken-down  tissU' 
leukocytes,  and  bacleria.  Enclosing  this  is  the  zone  of  cell-in filtratic 
which  forms  the  wall  of  the  abscess  and  serves  as  a  barrier  again 
fiirtlicr  progress  of  the  infection.  The  inner  layer  of  this  ti.ssue  co; 
tiiins  bacteria  in  varying  quantities,  and  when  the  abscess  is  "  spreai 
ing."  the  bacteria  are  found  near  the  outer  margin  of  the  tissue  whi( 
then  is  breaking  down  before  the  onward  growth  of  these  organisms 

The  tension  of  the  tissues  over  some  point  in  the  abscess  cavi 
becomes  very  great  from  the  presence  of  the  enclosed  fluid,  the  pai 
here  arc  stretched  and  furtlier  softened  by  necrotic  action  ;  the  abscc 
"  points,"  and  finally  breaks,  allowing  the  contents  (which  are  now 
cream-like  fluid)  to  be  discharged.     These  contents  are  known  as  / 

An  abscess  may  be  defined  as  a  circumscribed  collection  of  p' 
The  tissue  lining  the  walls  of  the  abscess  cavity  is  called  granulatic 
ti.ssue.  This  tissue  consists  chiefly  of  small  round  cells  with  very  lit 
intercellular  substance,  and  is  very  rich  in  capillary  blood-vesst 
There  are  numerous  polynucleatcd  cells  near  the  surface  which  i 
breaking  down,  and  about  to  be  thrown  off  from  the  surface  as  p 
corjjusclcs.     There  are  also  a  number  of  leukocytes  with  single  nuc 
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VK.  ma.—VSH\Mn  tif  wjill  oT  liine>>b*c«gB.  natunl  inircbafi  (oc  3.  ot^  A)  (Warren) 

amt  of  l.irp.T  alls,  tMch  with  a  Kirye  m-al,  bright  nucleus,  which 
caltcvl  qiithelioid  Cf  lU,  The  .-(mnllcr  cells  are  broken  don-n  and 
sw^rtxHl,  but  tlw  Ur>^T  cells  arc  acti\T  agents  in  the  process  of  re 
thiritig  the  ht-Atihg  of  the  .ilvsx^-s-s 

The  waU  <^  the  cavity  is  At  tirst   lined  n-ith  pus  and  shrcdi 
ht^^kt1wl^>w^^  tiwHe,  but  when  this  has  Iwcn  dischar^p^  and  the  u 
surt^i~e  "cl<\^us  i»(V."  iIk-  liniuj;  nhniilwanc  is  ftMind  to  consist 
bright-rei)  And  hi)>hl\'  v^tsv'uUr  tissiic,  the  surfucc  ol"  which  ts  de 
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with  little  nodules.  These  are  known  as  "granulations"  (Fig,  20). 
By  this  time  the  cavity  has  shrunk  [jreatly.  The  walls  approach  one 
another  and  the  granulations  grow  up  from  below,  and  finally  only  a 
superftdal  granulating  .surface  is  left,  which  slowly  contracts  and  is 
foially  covered  by  epithelium. 

Symptoms  of  Sapparation. — The  formation  of  an  abscess  is 
accompanied  by  a  great  amount  of  swelling  of  the  surrounding  tissues, 
which  arc  made  tense  and  brawny  by  the  exudation  with  which  they 
are  infiltrated.  A  bright-red  blush  extends  even  to  the  surrounding 
tissues.  As  the  tension  increases,  the  ])ain  becomes  acute,  and  is  of  a 
throbbing  or  a  boring  character.  There  is  also  considerable  constitu- 
tional di.sturbance.  The  advent  of  suppuration  is  usually  ushered  in 
by  a  chill  or  a  sudden  rise  of  temperature,  which  remains  high  or 
increases  until  the  pus  is  discharged. 

As  pus  approaches  the  surface,  the  tissues  near  the  center  of  the 
iaflamed  mass  become  softer,  and  on  pressure  with  the  fingers  are  said 
to  fluctuate.  Near  the  center  of  this  soft  area  a  white  spot  appears. 
Al  this  period  the  pain  is  most  acute  and  is  lancinating  in  character, 
and  the  febrile  disturbance  is  at  its  height. 

When  the  abscess  breaks  and  there  is  a  free  discharge  of  pus,  both 
local  and  constitutional  symptoms  subside.  The  blush  fades,  the  skin 
becomes  wrinkled,  and  the  pain  disappears.  Should  the  temperature 
rrmain  high,  "burrowing"  of  pus  is  to  be  feared,  and  the  open  cavity 
ihuuld  be  inspected  carefully  to  see  if  the  pus  has  a  free  vent.  During 
the  healing  process  and  for  some  time  after  the  wound  has  healed,  the 
tissues  that  were  involved  have  a  deeper  tinge  of  color  than  the  sur- 
rounding normal  integuments. 

Pus  is  a  yellowish-white  substance  of  the  consistency  of  cream,  and 
in  its  "  normal "  condition  is  odorless  and  has  an  alkaline  or  faintly 
add  reaction.     When  allowed  to  stand,  a  sediment  is  formed  which, 
under  the  microscope,  is  found  to  consist  almost  entirely  oi pus-corpus- 
tUs  (Fig.  21).     There  are  also  found  some  broken-down  tissue-cells, 
fragments  of  fibrous  tissue,  and 
various  forms  of  bacteria,  prin- 
apally  Ihc  pyogenic  cocci.    There 
R  ilso  a  certain  amount  of  gran- 
ular debris,  the  remains  ofbroken- 
dcmn  cells  and  blood- corpuscles. 
The  fluid  is  known  as  fiquctr  puris 
ot  pns-scrum.     It  is  a  pale  yel- 
■"•Tih  fluid,  which  differs  some- 
what from  blood-scrum  in  con- 
taining the  products  of  the  de- 
'    n  of  the  tissues  during 
,  :     r.itivc  process,  such  as 
'""an  and  tjTosin.      It  also  con- 
'*"'»  peptone.       The    principal 
"^TW  of  the   pus-cc!ls   is   the 
"pod  from  whicli  the  leukocytes 
■V>le  to  the  focus  of  suppuration.     When  treated  with  acetic  add 
*""  the  various  staining  methods,  these  corpuscles  are  found  to  contain 
I 


Y\t'..  31.— Plis-trlls  ticalfil  Hilli  acelic  acid, 
nnil  rrcnnlcd  red  bluoil-corpuscles  (oc.  4,  obj. 
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several  nuclei.  This  polynuclear  condition  is  not  a  sign  of  cell-activ 
but  one  of  degeneration.  Many  of  the  cells,  however,  when  exami^ 
in  the  fresh  state,  have  ameboid  movements.  The  tissue-cells  are  H 
resented  to  a  certain  extent  among  the  pus-corpuscles,  but  their  num' 
is  quite  limited.  Bacteria  are  rarely  seen  in  the  interior  of  pus-ce 
but  they  arc  usually  found  between  them  floating  in  the  pus-sen 
Pus  may  appear  very  differently  according  to  the  character  of  the 
fection  and  the  activity  of  bacterial  growth.  ' 

The  thick  creamy  pus  which  forms  when  an  abscess  has  "  ripene 
(a  process  which  lasts  two  or  three  days),  is  known  as  healthy  or  la 
able  pus.     It  has  comparatively  few  bacteria  in  it. 

Ichor  is  a  name  given  to  pus  in  a  state  of  decomposition.  The  p 
cells  are  few  in  number  and  bacterial  growth  is  active,  the  bacteria 
decomposition  replacing  those  of  suppuration. 

Sanies  is  pus  usually  mixed  with  blood,  and  is  also  in  a  state 
decompo.sition.  These  forms  of  pus  are  very  irritating,  and  have  eit 
a  strongly  acid  or  an  ammoniacal  reaction. 

Cultures  taken  from  any  of  the  above-named  varieties  of  pus  ol 
prove  to  be  sterile.  This  is  duo  to  the  fact  that  the  organisms  h 
died.  Sterile  cultures  are  taken  from  abscesses  of  long  standing,  s' 
as  are  seen  in  cases  of  pyosalpinx,  also  in  the  pus  from  an  old  empye 
even  when  foul  smelling.  The  fetid  pus  from  an  ischiorectal  absces 
generally  due  to  the  growth  of  the  Bacillus  pyogenes  fcetidus. 
thin  water-pus  taken  from  the  peritoneal  cavity  oozing  from  a  fr 
appcndicial  abscess  contains  an  active  growth  of  the  Bacillus 
communis. 

Blue  pus  is  caused  by  the  presence  of  the  Bacillus  pyocyaneus. 
has  no  special  pathological  significance. 

Orangf-colored  pus  is  found  ofien  in  rapidly  spreading  forms 
phlegmonous  inflammation.  It  is  due  to  a  deposit  of  hcmatoidin  crys 
on  the  granulating  surfaces  caused  by  the  presence  of  extravas: 
red  blood-corpuscles  in  the  exudation.     It  is  rarely  seen. 

Rid  pus  is  also  a  rare  occurrence.  It  is  due  to  the  presence  < 
bacillus  about  one-third  the  diameter  of  a  red  hlood-corpuscle.  ' 
cultures  in  blood-serum  have  a  bright-red  color  which  later  change 
violet.  The  red  pus  is  best  seen  on  white  dressings  when  first  remo' 
It  can  readily  be  distinguished  from  blood  with  a  little  practice. 
allowed  to  dry  upon  the  dressings,  it  does  not  change  color,  whei 
blood  soon  assumes  a  dirty-brown  color. 

Tuberculous  pus  is  not  considered  true  pus  by  many  authorities, 
is  a  pale  chalky  fluid,  with  inspissated  cheesy  masses  and  clots  of  fil 
floating  in  it.  It  contains  but  a  few  pus-corpuscles  and  no  pyogi 
cocci.  The  sediment  consists  of  the  fragments  of  broken-down  tis; 
and  of  a  few  tubercle  bacilli.  It  is  often  difficult  to  find  the  bacilli, 
even  to  obtain  cultures  of  them,  but  inoculations  in  guinea-pigs  ] 
duce  a  miliary  tuberculosis.  It  is  probable  that  these  tubercles 
developed  from  sepsis,  although  the  existence  of  spores  in  tube 
bacilli  has  not  yet  been  demonstrated. 

The  Microscopical  Examination  of  Pua.  —  Sprcnd  ihc  piw  in  very  ibin  sJi 
over  ihc  surface  "f  a  tmrr-gUi"'*  li)  iiican*  nf  u  (>liiliiiiim  wire,  anil  dn-  il  tiilicr  in  ihe  < 
over  a  flume.     Then,  holding  ihe  prcpBralion  wilh  cuvct-ylnss  Finccps,  pass  il  rapidly  l 
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CtBies  through  the  flame,  Id  "fix  "  IL     The  prepamtion  is  now  readj  10  be  staJQed  by  any 
of  like  vsrions  melhods  which  have  heen  deviled. 

For  Biosl  purposes  staining  uilh  a  solution  nf  melhylcne  blue  i^  i^ufliclenl,  for  lhi«  dy« 
ntn«  tlwrply  not  unly  Ihc  nuclei  of  pas- celt.',  bin  mosi  baclenn  as  well.  This  siilulton 
COwfaCs  of  *  miilDte  of  30  c.c.  of  a  saluraled  alcoholic  uluUon  of  meihyletie  blue  and  100 
C.C  of  a  I  i  10,000  solution  of  potassium  hydroiid. 


Fk.  aa^-Sleriliied 


leit-lube  and   swab   for   collrciing   pus  and 
exominalion  (Woircn). 


lluLtis   for  bacteriological 


!■  flsiiUDg,  Ihc  coTer-glflM  preparation,  held  in  the  grasp  of  cover-glass  forceps,  is  cot- 
end  mnth  the  staining  solution  and  gently  heated  .for  n  few  seconds  over  a  flame.  It  is  then 
— Iiwl  la  wtier,  dried  thoroughly  and  mounted,  stained  surface  down,  in  bulsam  on  a  slide. 
Ifdenrcd.  the  preparation  may  be  examined  withuul  mounting  in  balsam,  hy  simpiv  plac' 
ta|  d  on  ■  slide,  charged  surface  down,  and  drying  off  ihe  surface  of  the  cover-glass.  If 
ihu  |in<Rliire  is  adopted,  it  is  necessary  thai  there  should  be  a  layer  of  water  between  the 
DtCT-gUsa  and  the  tlide,  in  order  that  good  optical  definition  may  be  obtained. 

AttSMj  also  be  examined  unstained  and  in  '^  fresh  '^  condition  by  placing  a  drop  of  it 
■pan  a  itide  and  then  upon  this  a  cover-glass. 

It  destced,  a  drop  of  acetic  acid  may  be  run  under  the  covei-glass  to  bring  out  the  out- 
Has  of  QiKlci. 

ABSCESS. 

Abscess  is  divided  into  two  varieties,  the  acute  and  the  cold  abscess. 
The  latter  is  due  to  the  presence  of  the  tubercle  bacillus,  and  will  be 
ooostdered  in  the  chapter  on  Tuberculosis. 

Acute  abscesses  may  be  divided  into  several  general  classes  accord- 
ing to  their  situation.  They  may  be  superficial,  such  as  boils,  subfascial, 
ubpcnosteal,  or  in  the  bone.  Still  more  deep-seated  are  those  con- 
Hclcd  with  the  internal  organs,  which  may  be  designated  visceral. 

Abscesses  of  the  skin  are  among  the  most  common  forms. 
(nfcction  of  the  skin  may  be  most  superficial,  or  it  may  penetrate  into 
ds  3id>cutaneous  tissues,  and  may  give  rise  to  pustules,  boils,  or  car- 
\Koda. 

When  ihe  micria-organisms  penetrate  the  hair-follicles  as  far  as  the 
sdaccous  glands  and  form  a  minute  focus  of  suppuration,  there  results 
tfvtmU,  which  may  vary  in  size  according  to  its  seat  in  the  upper 
pn  of  Ihe  follicle,  in  the  coil  of  a  sweat-gland,  or  in  the  lai^e  seba- 
Wm^ands. 

Tbi;  boil  or  fiinuicle  is  caused  by  an  invasion  of  bacteria  either 
Ihrou^  the  hair-follicles  or  sudoriparous  glands  to  a  deeper  portion 
"f  tht  skin  or  to  the  subcutaneous  cellular  tissue.  The  active  growth 
frf  lljc  ofganisms  is  sufficiently  extensive  in  this  case  to  produce  a 
^<»|^latk)n  necrosis  of  appreciable  size  which  subsequently  forms  the 
"oMe"  of  the  boil.  The  part  most  frequently  destroyed  is  the  hair- 
■fitie  triih  its  accompanying  sebaceous  gland.  The  first  symptom  of 
*  bod  b  the  appearance  of  a  minute  pustule  situated  at  the  opening 
*f  a  hiir-fnlliclc.  Its  presence  is  first  noticed  on  account  of  an  itching 
mntiixi  which  it  causes.  This  is  soon  followed  by  an  infiltration  of 
Bciiin  which  finally  extends  to  subcutaneous  cellular  tissue  A  crust 
"Oiboo  the  sjle  of  the  papule,  and  on  removing  this  a  small  quantity 
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of  pus  escapes.  On  introducing  a  fine  probe,  it  is  found  to  enter  to  tl 
depth  of  half  an  inch.  The  boil  continues  to  enlarge  for  a  day  or  tw 
and  the  opening  is  now  sharply  defined  and  circular,  and  is  sufficient 
large  to  enable  the  pus  to  escape  freely.  Finally  pressure  extrudes  a  sm; 
slough  and  the  inflammation  begins  to  subside,  the  opening  contract 
and  the  minute  abscess  eventually  heals  by  granulation.  The  pain 
at  first  slight,  itching  being  the  most  prominent  sensation.  This  is  t 
placed  later  by  soreness  which  is  rarely  more  acute,  but  is  omnipresei 
owing  to  the  superficial  and  exposed  situation  of  the  inflammato 
focus.  During  the  period  of  greatest  tension  upon  the  skin  there  m 
be  severe  pain. 

Furunculosis  is  a  term  applied  to  those  cases  in  which  the  pati* 
is  afflicted  with  a  succession  of  boils.  Contagion  occurs  by  the  sme; 
ing  of  the  discharge  over  the  adjacent  surfaces  and  also  by  the  inocu 
tion  of  dried  pus  by  the  finger-nails  of  the  patient  during  scratching 
other  manipulation.  In  this  condition  there  is  an  undue  susceptibil 
of  the  ti.ssue  owing  to  some  disordered  condition  of  the  system. 

Carbuncle  is  a  suppurative  and  gangrenous  inflammation  of  t 
skin  and  the  subcutaneous  cellular  tissue,  which  begins,  like  furum 
on  the  surface  of  the  skin  and  spreads  gradually  downward  and  lat 
ally  into  the  subcutaneous  tissue.    In  its  earlier  stages  of  developm 
the  infected  area  may  have  the  form  of  a  cone,  the  apex  being  ' 
starting-point  in   a  hair- follicle,  sweat-duct,  or  minute  abrasion.     T 
organisms  most  frequently  found  in  carbuncular  pus  are  the  Staphj 
coccus  pyogenes  aureus  and  albus.     A  state  of  general  debility  pla 
the  tissues  in  a  condition  to  furnish  a  favorable  soil  for  the  growth 
bacteria.     Certain   constitutional  diseases,  such  as  diabetes,  seem 
qucntly  to  be  accompanied  by  carbuncle.     The  di.sease  is  rarely  s 
in  childhood.     It  i.'s  mo.st  frequently  observed  in   persons  over  ft 
years  of  age.    A  carbuncle  is  usually  situated  at  the  back  of  the  n< 
although  carbuncular  inflammations  are  occasionally  seen  upon  the  I 
and  upon  other  portions  of  the  body.    The  spread  of  the  infection  a 
it  reaches  the  subcutaneous  tissue  is  horizontal  and,  later,  up  to» 
the  surface. 

The  subcutflneous  tissues  on  ihe  hack  differ  analomicallv  from  those  of  other  portioi 
the  bodv  wliore  the  skin  is  thinner.  Here  the  skin  is  double  the  thickness  of  that  oi 
inner  side  of  llie  amis  and  Ihc  abdomen.  This  in  tegument  is  held  down  lo  llie  subji 
fascia  by  librous  hands  of  coosiderahle  size,  Kear  the  point  of  origin  of  these  hand 
the  columiia:  adijiose,  nr  columns  of  Hdi[}i)se  tissue,  in  which  the  li air- follicles  of  the 
hairs  lake  their  origin.  Coils  of  sudoriparous  glands  are  also  found  suspended  in 
liasuc. 

As  the  suppuration  spreads  deeply,  it  seeks  a  route  to  the  sur 
through  these  columtue  adipose,  and  thus  gives  the  characteristic 
pearance  of  a  carbuncle  (Fig.  23).  When  fully  developed,  a  carbu 
is  characterized  by  its  broad  flat  base  and  flattened  oval  surface  ra 
considerably  above  the  level  of  the  skin.  The  skin  is  reddened, 
perforated  at  several  points  with  holes  of  considerable  size,  from  wl 
oozes  pus.  The  skin  is  extremely  tense  and  red,  and  the  infiltr 
parts  have  a  density  unusual  in  ordinary'  inflamed  tissue.  The  smi 
openings  in  the  center  gradually  fuse  into  one  or  more  larger  opcni 
through  which  large  sloughs  of  subcutaneous  tissue  may  be  discei 
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(Fig.  24).  Carbuncles  may  vary  greatly  in  size,  some  of  tlieni  being 
scv-eral  inches  in  diameter.  In  the  larger  varieties  full  development  is 
reached  about  the  end  of  the  second  week.and  the  final  healing  of  the 
wound  after  the  sloughs  have  been  cast  off  may  not  be  reached  for 


tia.  >}. — InfilmtioD  of  columna  HdipnsH  and  subcutancout  tissue  wiifa  pas  in  carbuncle 

(Wairen). 

or  six  weeks  or  even  longer.  The  constitutional  condition  of  the 
pkbcnt  vane<i  greatly.  In  the  milder  cases  there  may  be  little  or  no 
fctcr,  but  largt-  carbuncles  are  usually  associated  with  considerable 
cachexia.     When  diabetes  e.xists  the  prognosis  is  most  unfavorable. 


Flo,  >f. — Diagntni  at  a  carbuncle  (Wsncn). 


Cufouncic  of  the  tip  is  a  deep-seated  suppuration,  usually  of  the 
upper  tip,  involving  the  skin  and  subcutaneous  tissue.  It  i«  accompanied 
by  profound  constitutional  disturbance,  and  in  many  cases  the  prog- 
9cmais  Oiosl  unfavorable.  This  is  due  to  the  involvement  of  the  rich 
Knous  «jaAt€>moses  with  the  cerebral  sinuses.  Death  may  occur  as  a 
Rsaht>f  both  meningitis  and  fiyemia.     In  one  case  observed  by  the 
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writer  there  was  a  general  infection  by  the  Streptococcus  pyogenes  wit 

liyeinia.  ■ 

The  treatment  of  tmils  and  carbuncles  is  mainly  antiseptic.  1 

consists  in  iin  (jlfort  to  rtach  the  locality  of  the  growth  of  the  orgai 

isniH  and  ariu-st  its  further  progress.  A  boil  may  be  aborted  in  th 
way  if  the  trt-'alnienl  is  applied  early.  \{  the  pustule  can  be  se< 
witllin  twenty-four  hours  from  its  fir-st  appearance,  it  can  usually  1 
destroyed  by  boring  with  a  sharpened  piece  of  wood  dipped  in  pu 
carbolic  acid.  In  a  further  advanced  boil  the  infected  area  should  1 
laid  open  by  a  crucial  incision,  so  that  the  acid  can  be  thorough 
applied,  A  fully  developed  boil  should  be  freely  opened,  curette 
and  ili.sinfected  with  carbolic  acid  or  perosid  of  hydroj^en.  An  an 
septic  dre-ising  may  be  applied  and  retained  with  collodion  or  an  an 
septic  p<iultice  may  be  applied.  If  in  an  exposed  situation  the  b 
had  lieUcr  be  allowed  to  run  its  course  without  incision,  as  scarring 
thu,-*  iuoided, 

I'he  treatment  of  cirbuncic  varies  according  to  the  gravity  of  t 
case.  In  dialKtic  patients  it  is  unwise  to  interfere  surgically.  Ar 
septic  ilressin^^s  may  be  applied,  and  careful  attention  should  be  giv 


F>^*».-! 


>X  .uHid  hc*)ni  IS  (brc*  «tcfa. 


h>  the  c\->it'(t)tiit)i>iMl  treAUMAt  «(HJ  diet.  A  rapM^'  sfimMfing  caibi 
dc  m  «  nwn  >*l"  s^m-kI  comtitiMion  h»d  betttr  be  oxised.  Two  so 
tDbticKl  ttKinvms  )iKl(Kk>  those  potttnm  of  the  sJnn  ntkllcd  with  p 
tifete.  FUt^  *^  '^"^  *i^  *1*^**  db»c<tvil  npwuil  utd  licm-nward  tu 
IrhMiiv  h«sHC  hA,«  t«rt:«  ivgichirxl.  Jtml  the  whotc  infi^ctcd  arcn  is  d 
viBcisM  Mt  tMC  «M».  1'tK'  n%'mml  shmiM  be  duanfcctcii  m  the  n 
tliowi^  lnwMieT  Mwl  <i)m»c\)  «^  i(Kli<ferai  (<»M«e.  ovtside  of  «li 
•  iMxe  ««r)>t*c  atow^Bift  iilrtuuiii|!  ^hiM  he  a(!|)KecL  Fewer  mA  k 
JnAMWHUAK«  ooMC  iirowmt^>  mm  thr  «vtwM  «««  te(^  to  gt»i— t 
nhM^M4F«4v,'Mtdk«\wa«o«iinMMi<iTtv  £%i 

AM(«e|«R  v«  Itw  ^Ji^in  «f  the  WAvtcvt  VxmM?*  ?4*MiM  be  eayai 
«^jw  Aw  (MK«t  ^  iKxnc  MfM-  aAvv  the  hvoAii^  vMrt  «f  bak  «r  < 


I 


* 


This  can  be  accomplished  by  daily  ablutions  with  soap  and  water  and 
the  use  of  alcohol  externally.  The  patient  should  also  be  directed  to 
cleans*:  the  hands  and  nails  thoroughly  each  time  after  dressing  the 
sore.  Frequent  changes  of  underclothing  should  also  be  made,  so  that 
aJI  possible  sources  of  infection  may  be  avoided.  Fowler's  solution  of 
arsenic  should  be  administered  intenially. 

Subfascial  abscess  includes  those  forms  of  suppuration  found  in 
the  uiltrmu  ocular  septa  or  beneath  the  fascia;  which  enclose  the  mus- 
cles. They  may  arise  from  a  blow  or  a  muscular  strain  or  as  the  result 
of  a  lymphatic  infection.  Suppurative  adenitis  is  a  frequent  source  of 
such  absces.s  in  the  neck,  in  the  axilla,  and  in  the  fasciie.  An  inflamed 
bursa  may  also  be  the  source  of  such  abscesses. 

Th«  AoaiumiCJil  arrangemt^nl  of  Ihe  fa^ix  snd  (he  spaces  which  thev  enclose  oflen 
iuawime*  the  niulc  thcw  itiKruei  pursue.  In  (he  neck,  fnt  mEtUnce.  is  found  ihe  deep 
CKTica]  mbacea,  which  fanm  In  the  upper  niangle  in  one  of  ihe  lymphnlic  gjandi  ^^itualed 
mmr  Ihr  angle  n(  Ihe  jaw  This  abscess  bunuws  duHnwanl,  .sometimes  (o  the  anterior 
liBlHiiliiiii  owing  lu  iu  inability  to  penettate  (lie  <l<:cp  layer  of  the  cervicul  fascia.  A 
■MaBciil  atnccu  may  also  lake  ils  origin  from  an  inffanrniation  ariHiig  in  an  ^adjacent 
■ptB,  *i  the  kidnCT.  giving  ri&e  in  this  case  la  a  perine|>britic  ab^es^.  .Suppurnlion  may 
wm  «  Ihf  foidl  of  a  ilrain  or  rupture  of  some  internal  muscle,  such  a^  Ihe  p*)Bs  njagnus. 

The  earliest  symptoms  of  such  deep  abscesses  are  chiefly  of  a  sub- 
fccuvc  nature.  At  first  a  slight  local  edema  without  swelling  or  red- 
ness may  be  seen.  In  a  few  days  there  is  evidence  of  deep-seated 
inEltnttion,  and  the  part  becomes  tender  on  pressure.  As  the  inflam- 
mation approaches  the  surface,  all  the  symptoms  become  more  marked. 
At  this  time  the  skin  is  tense  and  red,  and  the  subjacent  tissues  are 
swollen  and  infiltrated.  There  is  early  fever,  and  an  examination  of 
the  blood  will  show  a  marked  leukocytosis. 

The  treatment  of  these  abscesses,  often  large  and  deep-seated,  is 
of  much  im|)ortance.     Once  the  diagnosis  has  been  made,  they  should 
be  opened  in  order  to  prevent  extension  of  the  suppuration  and  unnec- 
essary destruction  of  tissue  and  perhaps  fatal  systemic  infection.     Such 
ibtcnses  should  always  be  opened  with  strict  antiseptic  precautions. 
firstly  because  their  contents  may  prove  to  be  sterile,  and  secondly 
because  a  mixed  infection  might  add  to  the  virulence  of  the  inflam- 
natory  process.     An  incision  should  be  made  large  enough  to  enable 
4e  operator  to  reach  all  parts  of  the  interior  of  the  abscess -cavity. 
The  fluid  contents   having  been  thoroughly  evacuated  by  pressure, 
doBCliing.  or  sponging,  the  walls  should  be  thoroughly  curetted  in 
Older  to  remove  the  abscess-wall  or  that  portion  of  it.  at  least,  which 
Mitajns  the  pyogenic  oi^anism.     The  remaining  cavity  should  then 
bt  (fisinfecled  thoroughly  with  carbolic  acid   i  :  loo,  corrosive  subli- 
■*lc  1 :  1O00,  or  peroxid  of  hydrogen,  and  packed  with  iodoform  gau7e. 
OcQsinnally  an  abscess-wall  may  be  so  accessible  as  to  be  reached 
■ddissccicd  out  by  the  knife.     Under  these  circumstances  it  would 
kpouilile  to  obtain  healing  by  first  intention.     It  is  better  in  doubtful 
«W  to  pack  tt-ith  gauze  and  bring  the  walls  together  a  day  or  two 
*ti  by  tyioR  the  provisional  sutures. 

If  it  is  not  possible  to  disinfect  the  cavity  thoroughly,  then  drain- 
•Stin  some  form  should  be  used.  Rubber  drains  are  most  useful  for 
•*»  purpose,  and  can  be  packed  in  place  with  gauze.  If  it  be  desirable 
"Hcpthc  edges  of  the  wound  moist,  large  antiseptic  poultices  may 
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be  used.  They  should  be  changed  every  two  or  three  hours  when  the 
discharge  is  free  and  foul.  Corrosive  sublimate  when  used  in  a  poul- 
tice should  not  be  strong,  i :  10,000  being  sufficient.  Sulpho-naphthol 
I  :  500  or  creolin  may  be  employed  as  useful  substitutes.  In  deep- 
seated  abscess,  involving  iiUcrnal  organs,  such  as  perinephritic  abscess 
the  operation  required  is  one  of  major  importance. 

Panaritium  or  felon  is  another  example  of  subfascial   abscess 
Its  origin  varies,  for  it  may  begin  in  the  skin,  in  the  subcutaneou; 
tissue,  in   the   tendons,  or   in    the   periosteum.     The   infection  take; 
place  through  some  skin-abrasion,  callus,  bh'.ster,  or  punctured  wound 
Cooks,  butchers,  and    dissectors   arc    liable   to   these   infections,  thei 
hands  coming  in  contact  with  putrcscible  substances.     The  anatomica 
arrangement  of  the  connective-tissue  felon  on   the  palmar  surface  o 
the  hand  and  fingers  is  such  that  it  runs  perpendicularly  inward  to  th 
palmar  fascia  or  to  the  sheaths  of  the  tendons,  and  the  infective  matt 
rial  is  for  this  reason  readily  directed  to  the  deeper  parts.     The  fclo 
is  usually  found  at  the  end  of  the  fingers.     It  begins  with  an  intens 
throbbing  pain  and  gradually  increa.sing  swelling.     There  is  more  f 
less  fever  and  great  suffering  from  the  throbbing  character  of  the  pai 
The  pus  is  confined  either  beneath  the  periosteum  or  the  tendon  t 
fascia,  and  if  not  evacuated  may  spread  and   break  into  the  tendc 
sheaths,  and  thence  extend  into  the  palm  of  the  hand.     This  extcnsic 
occurs  most  readily  in  the  sheaths  of  the  tendons  of  the  thumb  ai 
little  finger,  which  are  continued  into  the  palm  of  the  hand  and  benea 
the  annular  ligament. 

Abscesses  which  form  under  the  palmar  fascia  are  known  as  palm 
abscesses.  The  infection  may  be  transmitted  from  the  fingers,  as  abo 
stated,  or  it  may  occur  through  bruises,  wounds,  or  bli.sters  in  the  si 
of  the  palm  of  the  hand.  Like  the  felon,  this  abscess  is  liable  to  spre 
rapidly,  and  if  it  is  neglected,  pus  may  in  a  day  or  two  be  found  abo 
the  annular  ligament,  and  may  even  dissect  apart  the  deeper  structu; 
of  the  forearm.  When  a  palmar  abscess  reaches  its  stage  of  full  < 
velopment,  the  whole  hand  is  involved,  the  integuments  are  grea 
swollen,  the  natural  furrows  of  the  hand  disappear,  the  fingers  ; 
flexed,  and  the  hand  assumes  a  claw-like  aspect. 

The  treatment  of  abscess  of  the  fingers  and  the  palm  of  the  hs 
should  be  most  prompt,  a.s  delay  may  permit  disorganization  not  o: 
of  the  soft  parts  but  even  of  the  bones  and  joints  of  the  hand. 
case  of  felon,  the  knife  should  be  carried  down  to  the  bone  and 
clean  to  the  end  of  the  finger-pulp.     In  making  incisions  into  the  pa 
care  should  be  taken  to  avoid  the  vessels  of  the  palmar  arch.    Brool 
method  of  making  incisions  along  the  folds  of  the  palm  (Fig.  26),  ti 
ing  back  a  large  flap,  and  curetting  the  subjacent  abscess  is  an  imprc 
ment  on  the  older  methods.      Ry  carefully  determining  the  seat  of 
pus  the  knife  may  be  used  without  fear,  and  when  the  pus-cavity  o 
has  been  opened,  its  various  ramifications  should  be  followed  to  t 
farthest  point  of  extension.     After  a  prolonged  bath  in  some  w; 
antiseptic  solution  the   hand    should  be  placed  in  a  large  antise 
poultice   reaching  nearly  to  the  elbow.     The  arm   .should   either 
placed  upon  a  splint,  or  if  the  case  is  serious  the  patient  should 
placed  in  bed  and  the  arm  allowed  to  lie  upon  a  pillow,  the  h 
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being  very  slightly  elevated.  Serious  contraction  of  the  finger  may 
occur,  due  to  sloughing  of  the  tendons  or  the  formation  of  cicatncial 
bands. 

Phlegmonous  inflammation  is  a  term  given  to  the  spreading 
forms  of  suppuration,  such  as  are  usually  produced  by  the  invasion  of 
the  streptococci.  In  these  cases  all  the  signs  of  acute  inflammation 
are  present  and  the  area  involved  is  extensive.  The  connect! vc-ti.-isue 
spaces  and  the  lymphatic  vessels  are  the  routes  through  which  the 


Fig.  26.—- Brook &'s  Incision. 


virus  spreads.     The  streptococci  do  not  cause  suppuration  at  first,  but 
iS  they  grow  they  exert  a  widespread  poi.sonous  influence  upon  the 
tissue.     If  an  incision  is  made  into  the  part  during  the  early  stage  of 
the  process,  there  is  set  free  a  more  or  le.ss  clear  yellowish  fluid  which 
may  contain  a  few  pus-cells  or  flakes  of  fibrin.     Sloughing  begins 
caily.  and   gradually  suppuration   is  established.     The  skin  is  freely 
loattcncd  from  the  fa.scia  by  the  death  of  the  intervening  .structures, 
and  the  muscles  are  often  dissected  apart.     Such  inflammations  are 
often  the  sequel  of  infection  starting  as  a  felon  or  palmar  abscess. 
Frequently,  however,  the  virus  spreads  far  too  rapidly  for  suppuration 
to  become  established  at  these  points,  and  the  whole  arm  quickly  be- 
comes involved.     The  skin  is  hard  and  brawny  at  points,  and  covered 
here  and  there  with  bulla.-.     The  whole  limb  is  edematous.     In  some 
of  the  Vforst  forms  the  subcutaneous  tissue  becomes  emphysematous, 
due  to  the  presence  of  gas  given  off"  by  the  development  of  some  of 
the  saprogenic  organisms.     Such  a  type  approaches  that  form  of  septic 
iatamtnation  known  as  malignant  edema,  due  to  infection  with  the 
badSus  of  that  name.     Cases  of  true  malignant  edema  are,  however, 
wtrcmdy  rare. 

Tlic  constitutional  disturbance  in  phlegmonous  inflammation  is  usu- 
ally profound,  and  may  develop  into  true  septicemia  if  the  streptococci 
giin  an  entrance  into  the  system  in  .suflicient  numbers. 

A  good  example  of  phlegmonous  inflammation  is  seen  in  a  case  of 
wmpound  fracture  of  the  leg  which  has  become  septic.  In  such  a 
Ofc  the  !soft  part.s  extending  from  the  ankle  to  the  knee  may  become 
"wdIitiJ  in  the  sepsis  The  most  severe  type  of  this  inflammation  is 
{thimnoaous  cr^-sipclas. 

ras  frequently  accumulates  in  large  quantities  in  the  previsceral  or 
(KHCvisccral  sjmccs  of  the  neck  {cervical  abscess),  in  the  subdiaphrag- 
*itic  region,  around  the  kidney  {i>erinephritic  abscess),  the  liver,  the 
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gall-bladder,  the  pancreas,  the  appendix,  and  the  uterine  adnexa.     Ab 

scesses  in  these  regions  are  of  special  interest  to  the  surgeon,  and  an 
described  in  their  appropriate  places. 

Diagnosis. — The  symptoms  of  abscess  already  enumerated  sufiic 
to  make  the  diagnosis  of  abscess  easy  in  the  great  majority  of  case; 
Abscess  has,  however,  been  mistaken  for  a  great  variety  of  disease; 
One  of  the  most  serious  errors,  and  one  which  has  frequently  bee 
made,  is  to  mistake  aneurj'sm  for  abscess.  The  gush  of  arterial  bloo 
which  follows  plunging  the  knife  into  such  a  swelling  leaves  no  furlht 
doubt  as  to  the  diagnosis.  Various  tumors,  such  as  sarcoma  or  fatt 
tumor,  may  be  mistaken  for  abscess.  ^ 

An  abscew  bunnus  in  the  ditectinn  of  Irost  resistance,  but  its  spread  is  not  due  In  prei 
ure  alone,  but  In  tlie  infectinn  produced  by  the  bacteria.  i)en*e  fascia.-  ate,  hnweyi 
usually  sufficiently  stir^ug  to  prevent  infection  IhTotigh  ihem  except  when  in  cnntact  with  t] 
most  virulent  poisons.  Il  is  not  gnod  surgery  Hi  count  upon  the  absorption  of  pus.  fnr  or 
very  small  c|uantTties  of  it  may  diitappear  in  this  way.  Minute  or  miliary  abbesses  m 
disappent  entirely  by  absorption,  but  a  collection  of  pus  sutliciently  In^e  to  be  recognii 
clinically  n  a  focus  of  infection  and  a  source  of  danger  even  after  the  death  of  its  batter 
Many  abscesses  which  have  been  supposed  to  be  absorbed  break  into  the  inteslinnl  can- 
Many  appendiceal  abscesses  are  cured  in  this  way. 

Treatment. — ^In   the  spreading  forms   of   inflammation   the   mc 
prompt  intervention  on  the  part  of  the  surgeon  is  demanded.     T 
indications  are  to  reach  the  micro-organisms  at  all  points  where  thi 
are  grOwing  actively  in  the  tissues  and  to  attack  them  with  all  the  i 
.sources  of  antiseptic   methods.     Small  inci.sions  may   only  aggravi 
the  mischief  by  introducing  new  organi.sms.      Free  incisions  therefc 
are  indicated,  and  pus  should  be  followed  relentlcs.sly  to  the  farth< 
point  of  the  suppurating  tissue.     When  the  area  involved  is  very  t 
tensive,  it  may  be  preferable  to  make  multiple  incisions,  so  arrang 
that  drainage  may  satisfactorily  be  obtained  and  that  the  scar  may 
so  situated  as  not  to   interfere  with   the  function  of  the  part.     J 
sloughing  tissue  should  be  excised  or  scraped  away,  all  pus-cavil 
curetted,  and  all  exposed  surfaces  disinfected  by  free  douching  w 
antiseptic  washes.     Large  antiseptic  poultices   are  the  best  form 
dressings,  as  they  favor  a  flow  of  scrum  from  the  part,  and  thus 
Nature  in  an   attempt  to  wash  away  the  virus.     Frequent  antisej 
baths  also  are  useful  for  this  purpose,  the  limb  being  allowed  to  rem 
for  an  hour  at  a  time  in  some  mild  antiseptic  fluid. 

The  internal  treatment  consists  in  the  free  use  of  alcoholic  stir 
lants.  Strychnin  and  digitalis  may  be  administered  when  the  pulse 
dicates  a  feeble  action  of  the  heart.  The  patient  should  be  kept  in  h 
and  the  limb  placed  in  a  comfortable  position  on  a  pillow.  Opium  n 
be  given  to  relieve  pain  and  to  ensure  rest. 

ULCER. 

An  ulcer  is  a  solution  in  continuity  of  the  skin  or  the  mucous  mi 
brane  which  shows  no  tendency  to  heal.     The  term  implies  that 
wound  or  granulating  surface  is  stationary  or  enlarging,  and  tliat  it 
developed  by  a  death  of  the  part  piecemeal.     It  owes  its  existence 
an  excess  in  action  of  the   retrograde  changes  over  tho.se  of  rej 
An  open  granulating  wound  is  not  an  ulcer,  but  it  may  become  om 
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the  granulations  begin  to  break  down  and  the  edges  begin  to  melt 
auray.  A  large  granulating  wound  that  comes  to  a  standstill  owing  to 
the  inability  of  the  parts  to  cover  so  extensive  a  surface  is  called  an 
ulcer.  An  example  is  the  unhealed  end  of  an  amputation  stump.  Ulcers 
may  be  classified  according  to  their  mode  of  origin.  A  large  number 
of  ulcers  result  from  infection  producing  granulation -tissue  which  is  of 
low  \4tality  and  easily  breaks  down.  The  diseases  which  most  fre- 
quently give  rise  to  ulceration  are  syphilis,  tubercle,  leprosy,  glanders, 
and  cancer. 

Ulceration  may  be  produced  by  disturbance  in  the  circulation  or  in 
the  nerve-supply.  Obliterative  changes  in  the  arterial  system  give  rise 
to  local  anemias  which  are  incompatible  with  the  life  of  the  part,  and 
thus  cause  ulceration.  Examples  of  such  changes  may  be  found  occa- 
sonally  in  the  stomach  and  duodenum.  Passive  hyperemia  gives  rise 
lo  stagnation,  softening,  and  degeneration,  and  pressure  may  cause 
Oasb  and  necrosis.  Varicose  ulcers  and  decubitus  are  clinical  exam- 
ples of  such  conditions.  Disturbance  in  ihc  nerve-supply  gives  rise  to 
a  long  train  of  trophic  disturbances,  among  which  is  ulcer.  Local 
frklion  may  cause  abrasions  which  develop  into  ulcers. 

The  surface  of  an  ulcer  is  usually  covered  with  a  layer  of  more  or 
less  broken-down  tissue  mingled  with  exudation.     It  may  be  in  a  state 


FlO-  17. — Chronic  ulcer  of  the  leg  (Warren), 

M  coagulation  necrosis  and  form  a  rind  which  covers  the  granulation- 
^■'le  below  it.  In  a  section  of  an  ulcer  this  layer  of  granulation-tissue 
wjfiout  the  thickness  of  the  adjacent  cutis.  The  cells  of  which  it  is 
WDposcd  are  largely  polynucleated  leukocytes  and  epithelioid  cells 
■Bll  comparatively  little  intercellular  substance.  This  layer  is  more  or 
*»dcfincd  nwing  lo  the  crowding  together  of  the  round-cell  elements 
•■Ml  characterize  it.  Beneath  this  layer  a  more  transparent  tissue  is 
**acoouining  a  larger  quantity  of  intercellular  substance  composed 
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of  pale  transparent  fibers  and  a  number  of  fusiform  cells.  Deeper  sdll 
the  tissues  become  more  fibrous,  partaking  more  of  the  character  of 
cicatricial  tissue.  From  this  layer  blood-vessels  are  given  off  which 
run  more  or  less  vertically  upward  and  lose  themselves  in  a  capillary 
network  near  the  surface  of  the  ulcer.  The  base  of  the  ulcer  consists, 
as  will  be  seen  from  this  description,  of  two  principal  layers,  a  soft 
granulating  surface  which  can  easily  be  scraped  away,  and  a  denser 
tissue  beneath  it  which  remains  after  curetting.  This  appears  to  the 
naked  eye  as  a  dcn.se  whitish  layer  bleeding  at  numerous  points.  It 
serves  as  a  sort  of  fascia  separating  the  morbid  tissue  from  the  sur- 
rounding healthy  parts  (Fig.  27). 

The  edges  of  old  ulcers  arc  raised  somewhat  above  the  level  of  the 
base,  and  are  made  more  prominent  often  by  the  thickened  layers  of 
epidermal  tissue.  Such  ulcers  are  said  to  have  callous  edges,  and  the 
thickened  masses  of  epidermis  appear  to  be  an  ineffectual  effort  upon 
the  part  of  Nature  to  bridge  over  the  chasm.  Beneath  the  epidermis 
lies  the  papillary  layer.  The  papilla  are  more  or  less  elongated  and 
contain  a  rich  vascular  and  cellular  tissue  and  considerable  numbers 
of  granules  of  blood-pigment,  which  may  be  found  also  in  the  rete 
mucosum.  The  mai^ins  of  the  ulcer  arc  sometimes  undermined.  This 
is  particularly  characteristic  of  tuberculous  ulcers.  Under  these  cir- 
cumstances its  edges  are  red  and  infiltrated,  and  often  have  a  bluish 
tinge. 

Varicose  Tllcer. — This  is  the  most  common  form  of  ulcer  seen  by 
the  surgeon.  It  is  found  upon  the  legs,  usually  at  the  junction  of  the 
middle  and  lower  thirds.     Its  origin  is  due  to  the  presence  of  varicose 


VV:  38 — V^ricfise  nicer. 

veins  which  produce  a  stagnation  or  passive  congestion  of  the  capillary 
districts  involved.  The  surrounding  tissues  become  saturated  with  a 
thin  .serum  which  oozes  through  the  walls  of  the  capillaries  and  small 
veins.  This  causes  edema  of  the  parts.  With  the  serum  there  is  an 
exudation  of  the  red  blood-corpuscles,  which  break  down  and  leave 
an  exten.sive  pigmentation  or  bronzing  of  the  parts.  The  nutrition  of 
the  tissues  is  enfeebled  and  the  edema  causes  a  softening  of  them.     A 


small  abrasion  occurs  finally  as  the  result  of  friction  or  some  slight 
(lauma,  or  a  thrombosis  of  one  of  the  superficial  veins  produces  a 
slougli,  and  the  minute  wound  thus  made  is  unable  to  heal.  Granula- 
tions form,  but  soon  break  down,  and  the  condition  of  ulceration  is 
established.  The  surrounding  parts  are  infiltrated  and  more  or  less 
infected  with  organisms,  and  are  further  softened  by  a  continuation  of 
ihe  inflammatory  process  now  developed.  These  ulcers  enlarge  grad- 
ually, and  at  times  an  acute  inflammation  may  supervene,  accompanied 
by  phlebitis  of  some  of  the  larger  veins.  Small  abscesses  form,  which 
break  but  do  not  heal.  When  the  local  inflammation  subsides,  the  orig- 
inal ulcer  has  become  greatly  enlarged.  These  varicose  ulcers  are 
occasionally  of  great  size  and  may  even  girdle  the  limb  (Fig.  28). 
When  neglected,  as  they  often  are  in  aged  or  infirm  people,  who  are 
unable  to  submit  to  treatment,  they  become  extremely  foul  and  are 
a)vcred  with  a  rind  of  necrosed  and  decomposing  tissue. 

Decnbitus  or  bed-sore  is  also  produced  by  obstruction  to  the 
circulation  by  direct  pressure  upon  the  part  affected.  Bed-sores  occur 
in  individuals  whose  circulation  is  enfeebled  by  disease  or  old  age.  and 
appear  beneath  the  bony  prominences  upon  the  posterior  aspects  of  the 
pelvis  and  inferior  extremities.  A  slough  is  formed  from  the  venous 
stasis,  and  around  this  ulceration  takes  place,  which  may  penetrate  to 
the  bone.  Such  bed-sores  are  liable  to  occur  at  parts  deprived  of  their 
ncTve-suppIy,  as  afier  injury  to  the  cord  in  fracture  of  the  spine.  They 
»rc  due  to  the  immobility-  of  the  part  and  the  lack  of  pain,  and  also  to 
llic  absence  of  innervation  by  the  trophic  nerves. 

Ulceration  may  also  be  caused  by  the  pressure  of  splints  {Splial- 
saraX 

.\  characteristic  of  ulceration  from  absence  of  inneri-ation  is  the 
so-calicd  tnal perforans,  which  is  found  frequently  associated  with  loco- 
motor ataxia.  It  is  a  sharply-cut  circular  ulcer  developing  upon  the 
sole  of  the  foot,  is  deeply  excavated,  often  involving  a  joint,  and  is  sur- 
rnunded  by  an  overhanging  border  of  thickened  epidermis.  It  is 
priibablc  that  this  ulcer,  like  those  occurring  after  injuries  to  the  spinal 
wnj.  is  principally  due  to  pressure.  Ulcers  are  named  frequently  ac- 
cording to  some  prominent  clinical  symptom  associated  with  them. 

An  inflamed  ttlcer  is  one  which  develops  with  the  signs  of  more 
w!cs^  acute  inflammation,  such  as  occurs  often  in  the  life  history  of 
ttnoi'^  ulcers, 

Brethistic  ulcer  is  one  the  great  sensitiveness  of  which  persists. 
It  occurs  in  old  ulcers  of  bone  or  in  the  neighborhood  of  some  very 
•TOsitii-e  organ,  such  as  the  anus. 

Ulcers  miiy  be  fungous,  owing  to  the  presence  of  exuberant  and 
edematous  granulations.  Tuberculous  ulceration  often  presents  this 
*Ppearancc 

Hemorrhage  ulcers  are  seen  in  scurvy.  Torpid  ulcers  are  seen 
''liniJjviiiu;il.>  sulTering  from  cachexia.  The  granulations  arc  pale,  and 
•lie  secretion  i.s  thin  and  watery.  Tuberculosis  and  scurvy  are  diseases 
"  which  this  type  is  most  frequently  seen.  A  callous  ulcer  is  one 
■Wh  has  remained  without  material  change  for  a  long  period  of  time. 
IV  lurfacc  is  dirty,  and  it  secretes  a  thin  mucopurulent  material. 
*^  edges  arc  raised  considerably  above  the  surface,  and  the  skin 
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adjoining   is   indurated   and  immovable.     Old   varicose   ulcers   often 
present  this  type. 

Phagedenic  ulcers  are  those  which  spread  with  great  rapidity, 
The  edges  and  base  have  an  appearance  as  if  gnawed  by  a  rodent 
Such  ulcerations  are  often  gangrenous  in  character.  These  appear- 
ances are  found  also  in  ulcers  which  have  been  treated  with  irritating 
applications.  A  chancre  occasionally  becomes  phagedenic,  and  whei 
in  this  condition  is  an  unusually  obstinate  affection. 

The  Treatment  of  Ulcers. — Varicose  ulcers  are  best  treated  bi 
rest  and  elevation  of  the  part.     In  the  majority  of  cases  they  will  hea 
under  these  circumstances.     This  method  of  treatment  is  hard  to  carr 
out,  as  these  ulcers  occur  in  that  class  of  patients  which  cannot  aflbn 
the  necessary  time.     When  it  is   necessary  to  treat  the   case   as  a' 
ambulating  one.  the  hyperemia  may  be  relieved  by  bandaging  or  plas 
ters.     Rubber  bandages  are  useful  for  this  purpose,  as  they  can  b 
applied  even  by  the  most  ignorant,  and  can  be  kept  clean.     The  banc 
age  should  be  allowed  to  remain  on  in  the  day-time  only.     Strappin 
with  strips  of  diachylon  or  rubber  plaster  is  a  good  substitute,  and  ca 
be  used  in  the  milder  forms  of  ulceration,  the  plaster  being  change 
every  few  days.     Very  foul  ulcers  mu.st  be  treated  by  rest  in  bed  an 
the  local  use  of  antiseptic  poultices.     Such  poultices  can  be  made  b 
soaking  absorbent  cotton  or  gauze  in  solution  of  boric  acid  of  tl 
strength  of  2  per  cent.,  or  in  phenyl  i  :  500.     Cleansing  washes  wil 
peroxid  of  hydrogen  or  carbolic  acid  or  chlorinated  .soda  favor  tl 
restoration  of  a  healthy  granulating  surface.     If  it  is  desired  to  app' 
a  dry  dressing,  iodoform  or  aristol  may  be  dusted  over  the  suriac 
These  can  be  followed  by  the  use  of  pure  zinc  ointment,  which  forn 
a  protective  layer  not  easily  absorbed  by  dressings,  and  the  part  is  thi 
kept  from  scabbing. 

Painful  ulcers  are  not  amenable  to  any  one  form  of  dressing.  I'oi 
tices  are  complained  of  bitterly  as  being  too  "  drawing."  Some  ne 
tral  ointment  or  one  mixed  with  cocain  hydrochlorate,  1 2  grs. :  'j.  oft 
gives  relief. 

Indolent  ulcers  are  often  stimulated  by  the  application  of  balsa 
of  copaiba  or  Peru.  Tincture  of  myrrh,  ,~j  :  .Ij  of  water,  has  a  tor 
effect  upon  the  granulations.  Weak  solutions  of  tincture  of  iodin  ha 
an  alterative  effect  upon  such  ulcers. 

Many  ulcers  owe  their  inability  to  hea!  to  the  firm  adhesion  of  t 
surrounding  integuments  to  the  parts  below.     Much  benefit  has  be 
obtained  by  lateral  incisions  which  release  the  edges  and  permit 
cicatricial  contraction. 

Large  ulcers  are  best  treated  by  Thiersch's  method  of  skin-graflii 
After  this  operation  upon  a  varicose  ulcer  the  padent  should  be  c; 
tioned  not  to  use  the  leg  too  soon,  as  the  cicatricial  tissue  formed  unc 
the  grafts  readily  breaks  down.  A  rest  of  several  weeks  is  indispt 
sable  for  the  permanency  of  the  cure. 


FISTULA. 

A  fistula  may  be  defined  as  an  abnormal  opening  into  a  norr 
cavity  or  organ,  or  as  a  long  narrow  channel  indisposed  to  heal.     1 


FISTULA. 


n 


% 


Utter  condition  is  usually  called  a  sinus.  The  term  "  fistula  "  is  applied 
lo  congenita]  openings  or  doftcts  as  well  as  to  those  which  result  from 
abscess.  The  inflammatorj'  sinus  or  fistula  is  similar  in  character  to 
an  ulcer — that  is,  it  represents  a  wound  which  has  no  further  tendency 
to  heal. 

A  sinus  may  be  due  to  the  inability  of  the  parts  to  complete  cica- 
trization, owing  to  the  presence  of  a  foreign  body,  such  as  an  infected 
stitch  or  hgature.  The  locality  of  the  wound  may  be  such  that  un- 
avoidable movements  prevent  the  deeper  portions  of  the  wound  from 
healing.  A  fistula  is  generally  caused  by  the  escape  of  the  physiolog- 
ical secretions  or  excretions,  such  as  saliva,  urine,  or  feces.  When 
pus  has  burrowed  for  a  considerable  distance  beneath  the  skin,  and  a 
Ur^  granulating  surface  has  been  established,  the  mere  shajie  of  the 
civit>'  is  in  itself  an  obstacle  to  cicatrization,  as  the  secretions  have  an 
opportunity  to  escape.  Such  sinuses  are  often  due  to  the  presence 
of  tuberculous  granulations. 

Treatment. — Superficial  sinuses  should  be  laid  open  freely  and 
their  areas  curetted.  A  careful  hunt  should  be  made  for  infected  liga- 
tures. These  can  often  be  secured  by  a  crochet  needle  or  a  fine  curet. 
Complete  extirpation  of  small  fistula  is  sometimes  jxissible,  and  under 
these  circumstances  union  by  first  intention  can  be  obtained.  With 
careful  antiseptic  precautions  this  method  can  be  carried  out  in  cases 
of  fistula  in  ano,  which  are  usually  tuberculous.  When  it  is  not 
desirable  to  use  the  knife,  medicated  injections  can  often  be  used  to 
advantage. 

AnH>ng  the  solutions  which  can  be  employed  for  this  purpose  are : 
tincture  of  iodin  used  in  full  strength  or  more  or  less  diluted ;  carbolic 
»cid  (1 :  200).  or  phenyl  (1  :  250).  A  10  per  cent,  emulsion  of  iodo- 
form in  glycerin,  and  Krause's  emulsion,  which  also  contains  gum 
anbic  and  carbolic  acid,  are  valuable  remedies.  Fislul.'e  remain  often 
fct  many  months  after  abdominal  operations.  These  are  due  either  to 
uifacted  ligatures  or  to  the  communication  of  a  sinus  with  the  bowel 
w  the  Fallopian  tubes.  These  fistulie  often  eventually  heal  sponta- 
'*«ius!y,  If  it  is  decided  to  operate  upon  them,  they  should  either  be 
niPEttcd  with  great  care,  so  as  not  to  open  the  peritoneal  cavity,  or  an 
oonting  should  be  made  near  them  into  the  peritoneal  cavity,  which 
(Wild  then  be  wailed  off  The  track  of  the  sinus  or  fi.-itula  can  then 
Ik  traced  to  its  source,  and  the  diseased  tissue  can  often  be  excised. 

Auention  should  be  given  in  all  cases  to  the  general  condition  of 
^patients  and  their  surroundings.  A  chronic  fistula  will  often  heal 
iflcT  iomc  intercurrent  disease,  such  as  scarlet  fever  or  typhoid  fever. 
A  thorough  change  in  the  habits  of  the  patient  may  also  bring  about 
lie  umc  resulL 


CHAPTER    IV. 
SURGICAL  PATHOLOGY  OF  THE  BLOOD. 

The  examination  of  the  blood  throws  so  much  light  upon  the  con- 
dition of  surgical  patients  as  to  make  it  a  useful  rule  that  every  patient's 
hemoglobin  shall  be  tested  once  a  week  (Mikulicz).  This  is  done 
partly  to  watch  the  progress  of  patients  after  bloody  operations,  and 
partly  to  ascertain  whether  it  is  advisable  to  operate  upon  patients 
already  very  anemic. 

Blood-reg:eneratioii  After  Operation. — i.  Mikulicz  finds  that 
the  length  of  time  needed  for  full  restoration  of  the  blood  to  normal 
depends  on :  (a)  the  amount  of  blood  lost ;  {i)  the  age  and  nutrition 
of  the  patient  (those  at  the  extremes  of  life  bear  hemorrhage  badly) ; 
(c)  the  existence  of  other  diseases  (cancer,  tubercle,  typhoid) ;  (rf)  the 
treatment. 

Other  conditions  being  favorable,  he  finds  that  a  loss  of 

Under  I  per  cent,  of  tfae  bluod-mass  is  nude  up  in  from  3  to  5  days. 

From  I  per  cenl.  to  3  per  cent,  of  the  bloDd-mass  is  made  up  in  from    5  to  14  days. 

From  3  per  cent,  to  4  per  cent,  of  the  blood-mass  is  made  up  in  from  14  to  30  days. 

Few  surgical  operations  involve  a  loss  of  over  3  per  cent.,  and 
accordingly  in  a  normal  adult  individual  under  favorable  conditions 
we  expect  the  blood  to  be  normal  within  two  weeks  from  the  time  of 
operation.  If  it  is  not  so  we  suspect  some  deeper  cause  for  the  de- 
layed regeneration — c.  g:  cancer.  Bierfreund  noticed  that  after  oper- 
ations for  malignant  disease  the  blood  does  not  begin  to  be  regen- 
erated until  considerably  later  than  after  other  operations — a  week 
later  on  the  average — and  that  it  fui'cr  reached  as  high  a  point  as  it 
had  before  operation.  This  assertion  of  Bierfreund's,  based  upon  many 
cases  watched  during  long  periods,  is  all  the  more  extraordinary 
because  some  of  his  cases  made  a  marked  gain  in  weight  and  appeared 
to  be  greatly  improved  in  other  respects  after  the  operation.  So  far 
as  I  know  there  has  been  neither  confirmation  nor  contradiction  of 
Bierfreund's  data. 

Diagnoiis  I 

Mati)>iian[  tumors  without ) 

complications.  t  ' 

Very      large     or     rapidly  ( 

growing  tumors.  1 

Tumors  with  softening  or 

markc<l  disturbance  of 

functkm. 


Prr  «nt.   Hb. 
before  operation. 

P«r  ccm.  Hb,   \ 
afrcT  uper^tiorir  | 

L«i. 

Time  vLapting  bdbrc 
Hb.  bcgini  to  h*c- 

68.5 

S3 

'55 

23     days. 

56.6 

38.4         1 

18.2 

37.8  dayi. 

57-5 

39-7 

17.8 

a?     d«T»- 

1 

Average,  35.9  days. 

In  72  cases  of  malignant  disease  Bierfreund  noted  the  percentage 
of  hemoglobin  daily  after  the  operation  to  discover  how  many  days 
so 
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dapsed  before  the  hemoglobin  began  to  rise.  In  ordinary  operations 
the  blood  begins  to  be  regenerated  in  from  five  to  twenty  days.  The 
table  given  on  page  80  shows  thi:  conditions  found  in  72  cases  of 
malignant  disease. 

2.  Milculicz  makes  it  a  rule  never  to  operate  on  a  patient  whose 
hemoglobin  is  under  30  per  cent,  This  gives  him  a  standard  up  to 
which  patients  must  be  brought  by  treatment  and  rest  before  lie  will 
subject  them  to  further  loss  of  blood.  Surgeons  would  do  well,  in 
many  accident  cases  where  much  blood  has  been  lost,  to  a.ssist  their 
judgment  as  to  operating  or  waiting  by  some  objective  test  like  Miku- 
licz's 30  per  cent,  of  hemoglobin. 

Importance  of  Blood-examination  in  Accident  Cases  with 
Shock  or  Hemorrhage. —  1.  How  often  one  hears  the  question  dis- 
cussed in  the  accident  room  of  any  hospital  whether  to  operate  at  once 
or  wait  till  the  patient  has  got  over  the  "  shock."  The  question  is  not 
often  asked  (^far  less  answered)  whether  the  "shock"  is  simply  or 
largely  anemia  (cerebral  and  general)  from  loss  of  blood,  or  whether  it  is 
of  nervous  origin — i.  e.,  due  to  concussion,  compression,  etc.  The  right 
decision  of  this  question  is  of  great  importance,  for  if  the  "shock" 
means  anemia,  transfusion  may  be  indicated,  while  in  a  condition  of 
cerebral  concussion  or  compression  transfusion  will  probably  do  harm. 
An  examination  of  the  blood  enables  us  in  certain  cases  to  decide  such 
a  question.  That  is,  if  the  number  of  red  cells  is  considerably  dimin- 
ished— 3.500,000  or  less — and  if  the  p.itient  is  known  not  to  have 
been  previously  anemic,  the  "  shock  "  probably  means  hemorrhage. 

2.  Aside  from  the  question  of  whether  any  hemorrhage  has  taken 
{Jacc.  the  blood-count  may  enable  us  to  gauge  approximately  the 
aiaount  of  hemorrhage.  Here  it  should  be  remembered,  however, 
dial  immtiiialcly  after  hemorrhage  the  count  may  be  normal,  since 
only  the  amount  and  not  the  qualitj'  of  the  blood  is  afibcted.  Within 
ifcw  hours,  however,  fluid  is  absorbed  from  the  tissues  into  the  vessels, 
and  then  the  amount  of  anemia  is  indicated  by  the  blood-count. 

3-  Internal  or  concealed  hemorrhage  in  obstetric  cases,  extra-uterine 
pregiuncy.  ruptured  aneurysm,  laceration  of  the  spleen,  kidney,  liver, 
tic,,  can  sometimes  be  diagnosed  by  the  blood-examination.  A  man 
nwntly  entered  the  Massachusetts  General  Ho.spital  with  acute  pul- 
■nonary  symptoms  resembling  pneumonia,  and  died  before  any  diag- 
sow  could  be  arrived  at.  The  point  incon.sistent  with  pneumonia  was 
■Ik  low  blood-count — 3,334.000  red  cells  with  33  per  cent,  of  hemo- 
^ofain — and  this  in  a  m.in  prcviouslj-  well  and  not  anemic  should.  1 
»*k.  have  suggested  hemorrhage  somewhere.  Autopsy  showed  a 
"•ftarcd  aortic  aneurysm. 

In  the  diagnosis  between  pus-tube  and  hematocele,  between  hemo- 
^"ax  and  pleurisy.  I  have  found  the  blood-count  useful  in  a  similar 

Abscess  and  Deep-seated  Supptiration. — Almost  all  acute 
*i*!l  Hibacute  suppurative  processes  in  any  part  of  the  body  manifest 
•wnisdvcs  in  the  [wriphend  blood  by  an  increase  in  the  number  of 
Hymotphonuclear  Icukocjtes.  It  matters  not  whence  the  blood  is 
^ikBi.  whether  from  a  part  near  the  suppurating  point  or  at  a  di.stance. 
■oriostancc,  in  a  felon  the  blood  from  the  ear  shows  as  great  a  leuko- 
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cytosis  as  that  from  a  finger  next  the  one  affected ;  and  in  suspectet 
middle-ear  abscess  blood  from  the  ear  shows  the  same  number  of 
leukocytes  as  that  from  the  finger. 

1.  The  degree  of  leukocytosis  is  iiuic pendent  of  the  amount  of  pm 
A  feion  may  raise  the  leukocyte-count  as  much  as  an  empyema. 

2.  An  increasing  leukocytosis  points  to  a  spreading  process,  am 
may  be  the  only  evidence  of  it  In  several  cases  of  appendicitis  wher 
the  subsidence  of  pain,  tenderness,  temperature,  and  pulse-rate  seemC' 
to  point  to  a  subsiding  process,  but  where  the  leukocyte-count  steadil; 
rose,  the^subsequent  operation  has  proved  the  indications  given  by  th 
blood  to  be  correct.  In  this  connection  it  should  be  stated  that; 
leukocytes  is -(-//«/■/  sho«'ing  the  increase  or  decrease  from  day  to  day  i 
as  much  more  valuable  than  a  single  count,  as  a  temperature-chart  ) 
more  valuable  than  a  single  temperature  record.  It  is  the  rise  or  fa 
of  the  count  that  oftencst  helps  us  in  diagno.sis,  not  the  single  count. 

3.  Occasionally  leukocytosis  is  absent  despite  the  presence  of 
considerable  quantity  of  pus.  This  is  a  rare  occurrence,  but  when 
does  occur,  is  of  considerable  importance.     It  happens:  I 

((t)  In  cases  in  which  the  bacteria  in  the  pus  have  died. 

{b)  In  cases  where  the  pus  is  very  thoroughly  walled  off. 

Either  of  these  conditions  means  that  the  process  is  at  a  stand-iiti 
and  that  the  pus  is  acting  simply  as  a  foreign  body  and  not  as  a  centi 
of  infection. 

(f)  In  fulminating  cases  of  extreme  severity  in  which  the  patie: 
succumbs  without  offering  any  considerable  resistance  to  the  action  1 
the  infection.  For  example,  in  6  cases  of  rapidly-fatal  general  pc; 
tonitis  I  have  found  the  leukocyte-count  normal.  In  68  other  cas 
of  general  peritonitis  and  in  hundreds  of  other  suppurative  affections 
have  never  failed  to  find  leukocytosis  except  on  the  conditions  ju 
mentioned  in  {n)  and  {b)  above.  The  failure  of  the  leukocytes  to  rea 
in  fulminating  septic  cases  is  similar  to  their  behavior  in  the  worst  cas 
of  pneumonia,  diphtheria,  and  some  other  infections.  Generalizing  the 
facts,  it  appears  that : 

I.  In  the  very  mildest  and  the  very  severest  cases  there  is  no  leuk 
<ytosis. 

II.  In  the  vast  majority  of  the  whole  range  of  cases — i.  e.,  those 
moderate  severity — leukocytosis  appears. 

In  other  words,  it  appears  as  if  leukocytosis  were  present  whene\ 
there  is  a  hard  fight  between  the  attacking  infection  and  the  resistii 
powers  of  the  system — /.  c,  in  over  90  per  cent,  of  all  cases  ;  while 
there  is  an  overwhelming  victory  either  for  the  system  or  for  the  inf( 
tion.  the  leukocytes  are  not  multiplied. 

4.  When  drainage  is  established  and  free  exit  given  to  the  pus  of 
abscess,  the  leukocyte-count  usually  falls  rapidly  to  or  nearly  to  norm 
As  .soon  as  a  wall  of  granulation-tissue  is  established  between  t 
abscess- cavity  and  the  tissues  in  which  it  is  situated,  the  leukocyl 
become  normal  and  remain  so,  provided  the  drainage  is  free  and  sul 
cient.  even  when  the  amount  of  pus  discharged  is  large.  If  this  w 
of  granulation-tissue  is  broken  down  by  curetting,  probing,  or  r.rn 
the  rcmorat  of  sti'lchcs,  the  leukocyte-count  will  rise  again.  Pocketi 
of  pus  or  anything  approaching  it  is  shown  by  a  similar  rise. 
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5.  Other  things  being  trquai,  we  get  the  greatest  degree  of  leukocy- 
tosis in  the  most  virulent  infections  well  resisted  by  the  system  and 
independent  of  the  number  of  cells  in  the  exudation.  A  genera!  peri- 
tonitis, showing  only  lurbid  serum  and  fibrin-flakes  as  a  product,  may 
produce  as  high  a  count  as  one  in  which  the  abdomen  is  full  of  thick 
pus.  A  gangrenous  appendicitis  or  a  diphtheritic  endometritis  may  raise 
the  count  higher  than  an  abscess  containing  quarts  of  pus.  Not 
the  product  but  the  violence  of  the  infection  governs  the  amount  of 
leukocjlosis.  • 

Averagecases  of  appendicitis, abscess,  or  pus-tube  show  from  15.000 
to  30,000  leukocytes  per  c.mm.  Counts  larger  than  this  mean  a  case 
of  the  greatest  severity.  Catarrhal  appendicitis  does  not  raise  the 
count  above  15,000. 

6.  The  count  of  leukocytes  is  of  especial  value  in  cases  of  deep- 
seated  suppuration,  such  as  osteomyelitis  and  hepatic  or  perinephritic 
abscess.  In  the  latter  atifections  I  have  repeatedly  seen  the  diagnosis 
suggested  by  the  leukocyte-count  at  an  early  stage  of  the  disease,  when 
practically  no  pain  or  fever  was  present. 

Purulent  accumulations  in  a  cerebral  sinus  following  middle-ear 
irouMe  sometimes  show  themsclve-s  through  the  blood-count  when 
there  is  nothing  else  to  suggest  the  diagnosis.  The  differential  diag- 
nosLo  between  suppurative  and  non-suppurati\'e  pelvic  disease  in  women 
b  sometimes  materially  aided  by  the  positive  or  negative  indication 
given  by  the  blood. 

In  many  surgical  cases  the  elevations  of  temperature  following 
operation  appear  sometimes  due  to  "nervousness"  or  other  mental 
disturbance.  In  such  cases  the  blood-count  is  unaffected,  while  if  the 
temperature  is  due  to  sepsis  or  deRcient  drainage,  the  leukocytes  are 
increased. 

Other  aflfections  which  may  cause  symptoms  .suggesting  pus.  but 

vtiicfa  do  not  raise  the  leukocyte-count,  are  (a)  the   various  colics — 

tMolinal,  uterine,  hepatic,  renal ;    {b)  typhoid  fever,  in   which   resem- 

bbflce  to  appendicitis  is  sometimes  pu/.zling ;    {c\  floating  kidney ;   (d ) 

fecal  impaction  or  simple  constipation ;  (■")  ovarian  or  pelvic  neuralgia ; 

1.^)  an  attack  of  grippe,  or  malaria  occurring  during  convalescence  from 

•  su^cal  operation.     These  complications  may  cause  a  great  deal  of 

from  the  similarity  of  some  of  the  symptoms  to  those  of  severe 

'  Sepsis,  but  neither  of  them  affects  the  leukocytes ;  [the  detection  of 

tile  malarial    organism  is  a  valuable   bit   of  evidence],     (g)  Serous 

pleuritic  effusions  do    not   raise  the    leukocyte-count  appreciably  in 

■Ite  great    majoritj-  of  cases.      Purulent   pleurisy  [empyema]  almost 

nbCfCtllosls. — Pure  tubercular  infections  uncomplicated  by 
IVCfEnic  organisms  do  not  affect  the  blood  to  any  extent.  The  only 
L**cqNion  to  this  is  tubercular  meningitis,  which  sometimes  is  and 
vi  not  accompanied  by  leukocytosis,  the  reason  for  this 
**riaiion  being  a-1  yet  unknown.  "Cold  .ibscesses"  which  have  been 
0|>ene(t,  and  .so  infccte<l  with  pyogenic  cocci,  show  a  leukocytosis  at 
'•ct  In  hip  or  spinal  tuberculosis  an  increasing  leukocytosis  means 
.oUief  abscess-formation   or  an    increased   activity  in   the  tubercular 
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Tubercular  peritonitis  can  be  differentiated  from  otiier  varieties  of 
peritonitis  by  its  normal  blood-count. 

Malignant  Disease. — Tbe  differential  diagnosis  between  malig- 
nant disease  on  tlie  one  hand  and  tuberculosis  or  abscess  on  the  othei 
is  soniL'timcs  greatly  assisted  by  the  examination  of  the  blood. 

As  between  malignant  disease  and  abscess  or  tubercle,  the  prescno 
of  marked  deformities  in  the  red  cells,  or  of  nucleated  red  cells,  favor 
malignant  disease.  Only  occasionally  in  the  severest  forms  of  sepsi 
or  tuberculosis  do  wc  find  these  changes  in  the  red  corpuscles,  am 
then  always  associated  with  great  anemia;  while  in  malignant  diseas 
they  are  more  often  present,  even  without  extreme  anemia.  Positiv 
evidence  is.  however,  of  far  greater  value  than  negative  in  such  case! 
since  the  red  cells  are  often  not  affected  in  cancer  until  the  later  stage 
are  reached. 

The  leukocytes  in  perhaps  the  majority  of  cases  of  early  cancer  ai 
not  increased  in  number,  though  the  polynuclear  varieties  may  be  in  ej 
cess,  a  fact  of  the  same  significance  as  an  increase  in  the  whole  niimbe 

The  cases  in  which  the  total  count  is  increased  are  usually,  thoug 
not  always,  those  in  which  the  new  growth  is  extensive  and  rapid' 
spreading,  so  that  its  presence  could  be  determined  without  the  troub 
of  making  a  blood-examination. 

Thus  the  majority  of  cases  of  early  mammar}',  gastric,  and  labi 
cancer  show  no  blood-changes. 

Between  cancer  and  tubercle  the  presence  of  leukocytosis  poir 
toward  the  former,  while  its  absence  is  consistent  with  either  diagnos 
The  importance  of  the  red  cells  in  this  question  has  already  bei 
mentioned. 

Between  cancer  and  abscess  the  leukocytes  do  not  help  us,  exce 
that  if  there  is  no  increase  it  is  probably  not  abscess.  In  the  presen 
of  a  leukocytosis  we  can  sometimes  get  some  aid  in  the  diagiio 
between  cancer  and  abscess  by  an  examination  of  the  amount  of  fib; 
seen  in  the  micro.scopic  field  as  a  drop  of  blood  slowly  dries  betwe 
a  slide  and  cover-glass.  Fibrin  is  usually  increased  in  abscess,  and  r 
in  cancer.  Deformed  or  nucleated  red  cells  would  incline  us  towj 
the  diagnosis  of  cancer. 

Sarcoma  is  much  more  frequently  accompanied  by  leukocyte 
than  cancer  is.  This  is  especially  true  of  osteosarcoma  and  re 
sarcoma.  In  these  affections  the  counts  may  run  very  high,  even 
lOO.OOO  per  c.mm.  Between  osteosarcoma  and  tuberculosis  the  pr 
ence  of  leukocytosis  favors  the  former,  and  its  absence  the  latter, 
have  in  2  cases  seen  a  sarcoma  of  the  left  kidney  mistaken  for  leu 
mia,  on  account  of  the  resemblance  of  the  tumor  to  an  enlarged  spli 
and  the  great  increase  in  the  number  of  white  cells.  Of  course, 
kind  of  white  cells  that  are  increased  differs  absolutely  in  the  I 
cases,  and  a  glance  at  the  stained  specimen  will  settle  the  diagno; 
but  without  the  stained  specimen  no  diagno.sis  between  the  two  af 
tions  is  possible  in  all  cases.     (See  Leukemia.) 

leukemia. — Within  two  years  the  writer  has  seen  a  well-knt 
surgeon  cut  down  upon  a  leukemic   liver  to  make  sure  that  it  was  ! 
kemic.    This  is  ab.solutely  inexcusable.    The  diagnosis  of  leukemia 
be  made  with  absolute  certainty  by  the  blood-examination  alone,  and 
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bee/i  so  made  in  this  case.     Any  case  with  chronic  enlargement  of  the 
ipieen  or  lymphatic  glands  demands  a  careful  blciod-examination,  with 
tJtc  aid  of  which  no  diagnosis  in  medicine  is  easier  than  that  of  leukemia. 
The  confusion  of  leukocytosis  with  leukemia,  although  their  differ- 
ence; has  been  frequently  pointed  out,  is  still  i>eq>etuated  through  the 
ar«^lcssness  of  text-book   writers.     The   distinction    lies   not   in   the 
number  of  leukocytes  nor  in  the  duration  of  the  increase  (since  leuko- 
cytosis not  infrequently  shows  a  higher  count  than  leukemia,  and  may 
list    longer),  but  in  the  kind  of  leukocyte  incnastd.     In   leukocytosis 
only  the  polynuclear  forms  are  increased  ;  in  leukemia  it  is  the  lympho- 
cytes or  myelocytes  that  make  up  the  bulk  of  the  increase.     In  the 
fecsli  specimen   examined  between   slide   and  cover-glass   or   in   the 
Thoma-Zeiss  counting-chamber,  the  distinction  of  the  different  kinds 
ot  leukocytes  is  not  practicable.     Only  in  the  stained  cover-slip  prepa- 
lation-i  cm  the  diflerences  be  properly  seen.     (Sec  Plate  4.) 

I-ymphatic  leukemia  sometimes  causes  only  a  moderate  swelling 
rf  the  e.tternal  lymph-glands,  and  under  these  circumstances  may  be 
mistaken  for  tubercular  or  syphilitic  lymphadenitis.  The  diagnosis  is 
pcrfcaly  simple  provided  we  do  not  forget  the  blood-examination  or 
Exclude  leukemia  because  of  llie  slight  enlargement  of  the  glands. 
Thii  mistake  is  especially  apt  to  occur  with  the  gastro-intcstinal  form 
of  leukemia,  in  which  the  only  e.xternal  glandular  enlargement  is  in 
tKt-  nt:ck. 

Pseadolenkemia,  or  Hodgkin's  Disease. — The  post-mortem 
Appearances  are  in  all  respects  identical  with  ihose  of  leukemia,  and 
thf  iwo  diseases  differ  only  in  the  blood-condition.  Hodgkin's  disea.se 
5>iii\is  itorirtitl  blood  during  the  greater  part  of  its  course.  Toward  the 
end  a  slight  leukocytosis  may  appear,  but  there  is  never  the  slightest 
'"^wmblance  to  leukemic  blood.  The  reported  transitions  from  the 
one  disease  to  the  other  are  probably  mythical.  Hodgkin's  disease  is 
"'ually  known  to  surgeons  as  lymphoma,  lymphadenoma,  lympho- 
yrconu,  or  malignant  lymphoma.  The  confusion  of  terms  is  unavoid- 
*Nc,  since  there  appear  to  be  no  reliable  differentia;,  either  gro.ss  or 
"••cnMcopic,  between  sarcoma  of  the  lymph-glands,  lymphoma,  and 
Hiwi^liin's  disease.  The  surgeon's  chief  interest  in  such  cases  is  in 
'ii^tinuuishing  Hodgkin's  disease  from  leukemia,  and  this  he  can  very 
Q»iiydo  from  the  blood-examination. 

The  more  rapid  the  advance  of  the  disease  the  more  likely  is  it 
'lUt  the  polynuclear  leukocytes  will  be  somewhat  increased.  Most 
Q»M  run  a  long  course — five  to  ten  years — and  in  such  the  blood 
'wuias  nomiii!  till  near  the  end.  On  the  other  hand,  I  recently 
itthed  a  case  which  ran  its  entire  course  in  six  weeks,  and  in  which 
"twewas  always  some  polynuclear  leukocytosis. 

Bacteriology  of  the  Blood  in  Pyemia  and  Septicemia. — In 
*  certain  projH>rlion  of  severe  septic  cases,  such  as  those  following 
'"unii  infection  and  puerperal  cases,  the  bacteriological  e.xaminntion 
"f  a  *>Tiiigcful  of  blood  taken  from  a  vein  at  the  bend  of  the  elbow 
pvcs  M>me  information  as  to  diagnosis,  prognosis,  and  treatment.  Not 
»11  cwci,  howe\'er,  even  of  the  severest  type,  show  any  bacteria  in  the 
P^njAcral  circulation. 

The  blood  may  be  taken  with  any  ordinary  hypodermic  syringe. 
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This  is  sterilized  by  heat.  The  bend  of  the  elbow  is  rendered  aseptii 
as  if  for  operation,  and  all  traces  of  the  antiseptics  used  washed  off 
with  boiled  water.  Pressure  above  the  elbow  makes  the  veins  stand 
out,  and  into  any  one  of  them  the  needle  of  the  syringe  may  be  plunged 
directly  without  any  preliminary  dissection.  The  piston  is  then  with- 
drawn until  the  barrel  of  the  syringe  is  filled.  After  pulling  out  the 
needle  moderate  pressure  prevents  all  hemorrhage,  and  within  an  hour 
or  two  there  is  no  discomfort  left.  The  pain  caused  is  hardly  greater 
than  that  of  an  ordinary  hypodermic  injection. 

Blood  so  collected  is  poured  over  the  surface  of  2  or  3  blood-seru 
"  slants  "  and  cultivated  in  the  thermost.it. 

The  presence  of  the  streptococcus  or  the  golden  staphylococcus  is 
almost  always  equivalent  to  a  fatal  prognosis.  The  presence  of  the 
Staphylococcus  albus  is  of  slight  importance,  being  usually  due  to 
contamination. 

The  presence  of  the  streptococcus  may  be  an  indication  for  a  trial 
of  the  an ti streptococcus  serum. 

Aseptic  Post -operative  Fever. — In  a  certain  number  of  cases, 
after  operations  in  which  the  wound  is  closed  without  drainage,  a  cer- 
tain amount  of  fever  is  present  for  a  few  days,  even  where  the  wound 
eventually  heals  by  first  intention.  Such  cases  are  accompanied  by 
moderate  leukocytosis,  and  the  presence  of  such  an  increase  after  oper- 
ation cannot  afford  any  presumption  that  the  wound  will  "go  septic." 
Presumably  there  are  bacteria  in  everj'  healing  wound,  even  in  those 
that  heal  by  first  intention,  and  the  presence  of  these  organisms, 
together  with  the  .setting  free  of  nuclein  from  the  cells  destroyed  at 
the  operation  and  in  the  healing  process,  is  sufficient  to  account  for  the 
icukocyto.sis. 

Practnres. — The  majority  of  simple  fractures  do  not  affect  the 
biood,  but  in  a  certain  number  of  cases  they  are  followed  by  leuko- 
cytosis. In  two  of  these  cases  I  have  known  thrombosis  to  follow. 
Whether  this  was  a  mere  coincidence  or  whether  thrombosis  is  really 
more  likely  to  occur  in  cases  where  leukocytosi.s  is  present,  I  cannot 
sa>-. 

I,ymph-scrotum  and  Chyltiria. — The  presence  in  the  blood  of 
the  embryo  of  the  Filaria  sanguinis  honiinis,  while  often  unattended 
with  any  symptoms  or  signs,  may  be  associated  with  a  chylous  urine, 
a  chylous  hydrocele,  or  elephantiasis  of  one  region  or  another.  These 
conditions  arc  caused  by  the  presence  of  the  adult  filaria  in  the  lymph- 
vessels.  It  seems  to  have  a  special  fondness  for  the  lymphatics  of  the 
urogenital  tract.  The  wall  of  the  lymphatic  is  inflamed  and  the  lymph- 
flow  is  obstructed. 

The  embryo  filaria  is  usually  present  in  large  numbers  in  the  gen- 
eral circulation,  and  can  be  seen  in  fresh  slide-and-cover-glass  speci- 
mens. Its  presence  is  first  noticed  by  the  disturbance  among  the 
neighboring  corpuscles,  which  arc  knocked  about  by  the  lashing  of 
the  filaria's  tail.  It  is  apt  to  be  present  in  the  peripheral  circula- 
tion only  at  night,  so  that  this  time  should  be  selected  for  the  exami- 
nation. The  embr)'o  worm  is  about  40,11  in  length  and  about  5  to  \oft 
in  diameter,  with  a  blunt  head  and  a  pointed  tail,  the  whole  organism 
being  enclosed  in  a  translucent  sheath  which  can  be  seen  projecting 
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beyond  the  extremities  of  the  body.  The  organism  is  easily  stained 
with  fuchsin  and  other  ordinary  stains. 

Not  all  cases  of  chyluria,  lymph-scrotum,  or  elephantiasis  are  due 
to  this  worm,  for  the  lymphatics  may  be  blocked  by  other  causes. 
But  every  case  should  be  examined  for  the  filaria,  and  in  the  majority 
of  cases  it  will  be  found. 

Hemophilia. — A  tendency  to  bleeding  from  any  surface  of  the 
body,  occurring  either  spontaneously  or  from  slight  trauma,  such  as  a 
scratch  or  bruise. 

Ettology. — The  disease  is  at  least  twelve  times  more  frequent  in 
males  than  in  feniale-s.  and  where  it  occurs  in  females  it  is  usually  of 
a  mild  type.  It  is  almost  always  hereditary,  but  the  mode  of  trans- 
mission is  remarkable  in  that  it  is  titrough  the  females,  but  lo  the 
males,  as  a  rule. 

Though  the  disea,se  may  show  itself  from  the  time  of  birth,  it  is 
usually  not  until  the  first  few  years  of  life  are  past  that  it  shows  itself 
It  is  especially  apt  to  cause  trouble  during  dentition  and  at  puberty, 
but  70  per  cent,  of  the  cases  appear  before  the  fifth  year.  It  rarely  be- 
gins in  adult  life.     The  actual  cause  of  the  disease  is  unknown. 

dymptoms. — In  the  severest  cases  hemorrhages  occur  spontane- 
ously or  from  the  slightest  trauma.  They  may  be  confined  to  the  skin 
or  to  the  mucous  surfaces,  or  may  extend  to  the  serous  surfaces, 
Occasionally  blood  is  poured  out  in  the  interior  of  various  organs. 
Spontaneous  hemorrhage  is  especiaily  apt  to  occur  in  the  scalp  or  the 
gntitat  region  (Treves).  The  oozing  may  cease  within  a  few  minutes 
spontaneously  or  under  treatment,  or  it  may  go  on  for  days  or  even 
veeks.  When  the  hemorrhage  can  be  checked  it  is  well  borne,  and 
the  restitution  occurs  quickly ;  but  the  pulling  of  teeth,  circumcision,  or 
ercn  a  slight  scratch  may  occasion  a  fatal  hemorrhage. 

Hemorrhage  may  take  place  into  Joints,  and  be  attended  with  pain, 
swdiing.  and  fever.  No  characteristic  changes  are  found  in  the  blood. 
The  anemia  is  like  that  seen  after  any  other  hemorrhage. 

Prognosis. — Some  cases  are  fatal  within  twenty-four  hours.  The 
tendcnc>' may  disappear  in  adult  life  if  the  patient  can  be  piloted  safely 
through  childhood.  Death  may  occur  cither  from  hemorrhage  or  from 
(Omc  intercurrent  infection,  to  which  such  patients  are  naturally  very 
lable. 

Treatmctit. — Prophylaxis  is  of  the  first  importance.  The  child 
should  be  carefully  guarded  from  scratches,  cuts,  and  bruises,  no  teeth 
xbould  be  extracted,  and  every  possible  occasion  for  bleeding  avoided. 
Should  hemorrhage  occur,  gauze  soaked  in  perchlorid  of  iron  should 
be  applied. and  firm  pressure  exerted  and  continued  as  long  as  is  neces- 
Mij'.  The  internal  administration  of  such  drugs  as  ergot,  gallic  acid, 
sm)  lead  acetate  is  probably  useless.  The  anemia  should  be  combated 
in  the  ordinary  manner  and  the  general  health  carefully  attended  to. 


CHAPTER  V. 

WOIJNDS  AND  CONTUSIONS;  BURNS  AND  SCALDSj 
EFFECTS  OF  UGHTNING;  SHOCK;  FAT-EHBOUSM; 
REPAIR  OF  SPECIAL  TISSUES. 

TOUNDS. 

Definition. — A  wound  is  the  forced  separation  of  any  portion  of 
the  skin  or  mucous  membrane  in  which  the  protecting  covering  of  the 
underlying  tissues  is  destroyed  and  the  latter  exposed  to  the  influence 
of  the  air  and  other  extraneous  matters. 

Classification  and  Mechanism. — Wounds  of  the  surface  involv- 
ing exposure  of  the  subcutaneous  connective  tissue  are  divided,  ac- 
cording to  the  conditions  of  their  edges,  into  the  following : 

1.  Those  with  well-defined  and  sharp  edges.  These  are  subdivided 
into  iftcised  and  punctured  wounds. 

2.  Lacerated  solutions  of  continuity  of  the  surface.  These  are 
known  as  lacerated  voiittds.  They  occur  when  there  is  excessive  ten- 
sion upon  the  skin  by  the  application  of  a  dragging  force,  or  where  the 
tissues  are  forced  against  some  underlying  hard  or  unyielding  part,  as, 
for  instance,  the  skull. 

3.  Contused  breaches  of  tissue.  These  are  known  as  contused 
wounds.  They  are  caused  by  an  object  with  a  broad  surface  coming  in 
contact  with  a  portion  of  the  body,  or  by  fails  upon  hard  irregular  sur- 
faces. Wounds  following  the  blow  of  a  club,  or  the  entrance  of  some 
missile  into  the  body,  as,  for  in,stance,  those  from  firearms  (gunshot 
wounds),  are  familiar  examples  of  contused  wounds. 

Other  classifications  include  penetrating  wounds,  which  are  caused 
by  a  foreign  body  entering  a  cavity  of  the  body  without  emerging,  and 
perforating  wounds,  in  which,  having  penetrated  a  portion  of  the  body, 
it  again  emerges.  When  some  specific  poison  has  entered  the  wound 
at  the  time  of  its  infliction,  it  is  spoken  of  as  a  poisoned  wound.  When 
wounds  have  been  infected  with  those  organisms  which  excite  putrefac- 
tion and  disorganization  of  tissue,  they  arc  said  to  be  septic  wounds. 
In  the  absence  of  such  infection  the  wound  is  said  to  be  aseptic.  More 
or  less  destruction  of  ti.ssue  characterizes  all  wounds. 

Symptoms. — The  three  cardinal  .symptoms  of  a  wound  are  (l)  sepa- 
ration and  gaping  of  its  edges;  (2)  hemorrhage;  (3)  pain. 

Separation  and  Qaping  of  the  Wound-edges. — This  results  from 
the  presence  of  elastic  fibers  in  the  connective  tissue  and  cutis.  It  em- 
phasizes the  elasticity  characteristic  of  the  uninjured  skin.  The  degree 
of  the  separation  of  the  wound-edges  depends  upon  the  number  and 
direction  of  the  elastic  fibers  and,  in  addition,  upon  the  depth  of  the 
wound  itself  and  its  direction.     If  the  latter  be  parallel  to  that  of  the 
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clastic  fibers  of  the  skin  and  connective  tissue  the  separation  will  be 
compdratively  slight  Upon  the  oiIilt  hand,  if  the  elastic  fibers  arc 
sq>arated  in  a  transverse  direction  the  separation  will  be  jjreater. 
Wounds  with  considerable  deptii  gape  more  than  those  that  are  merely 
superficial. 

Hemorrhage — The  hemorrhage  which  ensues  upon  the  infliction 
of  a  wound  depends  upon  the  size  and  condition  of  the  divided  blood- 
vessels, as  well  as  upon  the  depth,  length,  and  breadth  of  the  wound. 
This  symptom  varies  greatly  in  dilTerent  wounds  of  the  same  variety. 
is  Weil  as  in  dilTerent  kinds  of  wounds.  As  a  rule,  it  is  less  marked  in 
contu.ied  and  lacerated  wounds  than  in  those  with  clean-cut  and  sharply 
definccl  edges. 

P»in. — Pain  is  the  usual  immediate  accompaniment  of  a  wound, 
iftd  results  from  the  coincident  injury  and  subsequent  irritation  of  sen- 
ary oen-e- fibers  in  the  injured  tissues.  Its  character  is  usually  de- 
jcribcd  as  "  sharp  "  or  "  burning,"  It  is  felt  in  the  area  of  distribution 
of  the  nerve  or  along  the  trunk  of  the  latter.  The  pain  varies,  also, 
with  the  mechanism  of  the  production  of  the  wound.  If  the  nerve- 
fibtrs  are  rapidly  and  thoroughly  divided,  the  pain,  as  a  rule,  is  less. 
The  wound  may  be  inflicted  so  suddenly  and  rapidly  that  no  pain 
•hatcver  is  e-xperienced.  Mental  excitement  at  the  time  of  the  injury 
likewise  lessens  the  pain.  The  pain  may  also  vary  with  the  variety  of 
wound  inflicted.  In  clean  incised  wounds  the  wounded  person  may 
txit  be  ,iware  that  he  is  injured  until  his  attention  is  attracted  to  the 
sounded  part  by  the  presence  of  blood.  Contused  wounds  are  the 
IBusi  painful  of  injuries.  Certain  conditions  of  temperament  exert 
itraining  influences  upon  sensory  nerves  and  the  cortical  centers. 
For  instance,  courageous  persons  and  those  in  a  furious  rage,  on  the 
'mc  hand,  and  those  who  exerci.se  a  quiet  self-control,  on  the  other, 
wfTcr  least  from  the  pain  of  an  injury. 

Clinical  Course. — Wounds  in  which  the  edges  are  siiarply  de- 
nned and  but  shghtly  separated  may  heal  in  a  comparatively  short 
time  without  aii>'  es.scntial  change  being  observed  in  their  surroundings. 
TIk  interspiicc  is  filled  by  a  very  narrow  coagulum  which  causes 
igglutination  of  the  wound-edge.s.  The  upper  layer  of  the  coagulum 
projccLs  just  beyond  the  edges ;  this  becomes  dried  and  forms  a  thin 
liihiif  scab.  This  scab  exercises  a  hermetically  sealing  effect  upon  the 
*nund.  Vcr>'  slight  violence  may  reopen  the  wound  in  the  earher 
tie*  of  this  reparative  process.  As  organization  takes  place  in  the 
Ihin  cement  of  blood-clol,  the  union  of  the  wound-edges  through  the 
■Dciliuin  of  this  becomes  more  firm,  until  the  thin  and  narrow  surface- 
■abGdis  off,  lea\ing  a  dark-blue  groove  covered  with  epidermis  in  the 
pnccaof  formation.  This  is  called  the  cicatrix.  Other  things  being 
<Siiil,  tbc  rapidity  of  this  healing  process  is  direclly  proportional  to 
I*  *legrec  «  wparation  of  the  edges  of  the  original  wound.  For 
Wtance,  small  and  incised,  as  well  as  some  punctured  wounds  which 
MVeijoi  been  cxpo'^ed  to  septic  or  other  irritating  or  disturbing  influ- 
fSfts,  may  heal  in  the  course  of  twenty-four  hours.  In  general,  how- 
'Wr.  from  fi\'c  lo  seven  days  arc  required  before  the  completion  of  the 
''oling  proccs-t,  as  announced  by  the  falling  off  of  the  scab,  occurs. 

SimiUrly,  in  the  skin  very  considerable  losses  of  substance,  particu- 
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larly  if  these  extend  only  to  the  rete  Malpighii,  may  undergo  com 
plete  repair  in  a  very  short  time.     Here  the  hemorrhage  being  ver) 
slight,  rapid  drying  of  the  effused  blood  takes  place,  and  under  th< 
protection  of  the  crust  thus  formed  complete  cicatrization  soon  follows 
Very  different,  however,  is  the  process   in  a  widely  gaping  wound  il 
nature  is  left  unaided  or  disturbing  influences  enter.     Rapid  drj'ing  i 
prevented  by  the  extent  of  the  injurj'  and  the  size  of  the  coagulum 
as  well  as  by  the  presence  of  a  large  quantity  of  lymph  which  ooze 
from  the  spaces  which  have  been  opened.     Here  the  conditions  favoi 
able  for  the  implantation  and  reproduction  of  septic  organisms  ar 
present.     These  include,  first,  the  presence  of  organic  tissues  deprive^ 
of  their  protecting  cuticle  and  with  their  vital   resistance  otherwis 
lessened  by  the  infliction  of  an  injury;  second,  a  favorable  temperatur 
(blood-heat);  and  third,  mtiistm'c.     With  the  rapid  drying  of  the  suj 
face  of  the  coagulum  in  trivial  incised  wounds  the  septic  organism 
are  deprived  of  that  moisture  which  is  essentia!  to  their  proliferatioi 
In  tlie  case  of  large  gaping  wounds,  however,  this  desiccation  cannt 
take  place  readily,  invading  micro-organisms  rapidly  multiply  und( 
the  favorable  conditions  present,  and  as  a  result  putrefaction  and  diso 
ganization  of  tissue  take  the  place  of  repair.     In  the  course  of  twenti 
four  hours  the  wound-surfaces   become  covered  with  a  semi-liquid  ar 
foul-smelling  layer  of  broken-down  tissue  swarming  with  the  bactcr 
of  putrefaction.     Following  this,  striking  and  peculiar  changes  tal 
place  in  the  neighborhood  of  the  wound,  due  to  the  spread  of  infectit 
from  the  original  .site  of  proliferation  of  the  bacteria.     These  chan^ 
are  characterized  by  a   more   or  less  broad   zone  of  redness   whit 
makes  its  appearance  about  the  wound-edges  together  with  increasi 
heat  in  the  part  and,  finally,  by  increased  density,  or  induration  of  tl 
surrounding  tissues.     At  the  same  time  the  patient  complains  of  pa 
and  a  feeling  of  tension  in  the  parts  involved  in  these  nutritive  distur 
anccs.   With  progressive  putrefaction  of  the  coagulum  these  symptor 
increase.     Where  the  surrounding  parts   have  been   involved  in  t; 
original  injury,  as  in  contused  wounds,  a  foul-smelling'semi-fluid  ma 
issues  from  beneath  the   wound-edges,  mingled  with   the  debris   ■ 
broken-down  tissue.     If  improvement  takes  place  a  yellowish-whi 
secretion,  not  unlike  cream,  makes  its  appearance  upon  the  edges  ■ 
the  wound  and  in  its  depths.     This  is  the  "laudable  pus"  of  the  old 
surgeons,  and  makes  its  appearance  about  the  fifth  day.     Under  favc 
able  conditions  and  with  the  measurable  return  of  the  quality  of  vi' 
resistance  to  the  involved  tissues  the  ichorous  discharge  ceases,  a: 
the  wound  enters  upon   the  stage  of  suppuration. 

In  the  stage  of  suppuration  the  classical  symptoms  of  an  inflai 
matory  process — namely,  redness,  heat,  pain,  and  .swelling — dimini; 
The  time  covered  by  this  stage  of  the  process  of  healing  will  va 
with  the  depth  of  the  wound,  the  extent  of  laceration  of  its  edges  a 
contusion  of  the  neighboring  tissues.  In  an  average  case  of  lacerat 
wound,  from  about  the  seventh  day  a  mass  of  material  of  a  pinkish  h 
forms  beneath  the  layer  of  pus  and  is  observed  to  rise  from  the  dcpt 
of  the  wound.  This  mass,  which  is  made  up  of  small  papill.-e,  cc 
tinues  to  rise  until  it  fills  in  the  entire  wound-cavity.  Its  surfa 
presents  a  granular  appearance,  the  papilla  are  called  granulatio 
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and  the  wound  is  said  to  have  entered  upon  the  stage  of  gramdation 
fF.g-  30). 

The  surrounding  parts  at  this  time  begin  to  assume  their  nor- 
mal condition.     With  the  dis- 
appearance   of    redness    and 
heat,  tenderness  together  with 
some  slight  degree  of  indura- 
lioa  alone  remains.     The  per- 
SBtoice  of  these  latter  indi- 
dlcs  that  the  reparative  proc- 
ess is  still   going   on   in   the 
depths  of  the  wound.     In  the 
beginning  of  the  granulating 
stage  of  the  healing  process 
the  granulations  become  more 
or  less  easily  injured  and  bleed 
upon  the  sUghtesl  touch.     As 
the  body  of  the   wound  be- 
coaies  filled  with  granulation- 
lissuc  the  latter  beconie-s,  to 
some  extent,  solidified,  loses 
its  br^ht-pink  color,  and  be- 
(OOMspalc.  Coincidently with 
these  changes  a  shrinking  pro- 
cess goes  on,  with  correspond- 
bg  diminution  of  the  cavit}'  of 
the  wound. 

Finally,  when  the  granu- 
lating surface  reaches  the  level 
cf  ibe  surrounding  skin,  a  nar- 
fOW  strip  of  new  epidermis  be- 
pas  to  growarnund  the  wound- 
edges.  This  slowly  increases 
from  withiiui  inward.  One 
eooccntrically  growing  zone 
aAcr  another  is  added  to  the 
new  tissue  until,  these  meeting  in  the  middle,  the  granulating  surface  is 
completely  covered,  and  cicatrization  is  accomplished. 

The  processes  described  arc  what  are  known  as  healing  hy  primary 
(Ftg.  29)  and  ireondary  intention.  Healing  by  first  intention  seems 
almost  a  physiological  proce.ss ;  it  is  the  simplest  and  most  direct 
tDCthod  of  repairing  lost  tissue,  and  is  quite  similar  to,  if  not  identical 
with,  normal  epithelial  metamorphosis.  In  the  second  method  of 
repair,  or  healing  by  second  intention,  tissue- reproduction  attended 
•ilh  suppuration  is  marked  by  the  presence  of  inflammatory-  conditions 
with  their  essential  and  characteristic  symptoms,  known  since  the  days 
ft  Galen  as  redness  [rubor),  local  heat  (ealr/r),  swelling  (tumor),  and  fiat'a 
{M>rX 

Histological  ConsiderationB.— It  was  formerly  supposed  that 
the  coagulum  formed  in  the  interspace  served  the  purpose  of  accom- 
plpthtiig  immediate  union  of  the  wound,  when  this  took  place.     It  is 
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now  known,  however,  that  direct  adhesion  of  the  histological  elemen 
of  the  parts  and,  hence,  immediate  union  do  not  occur  without  furthi 
effort.  A  fine  network  made  up  by  trabeculie  is  formed  in  the  exude 
fibrin,  from  which  processes  pass  into  the  open  blood-vessels  and  in 
the  clefts  or  spaces  in  the  tissues. 

Ulood-corpuscles  and  small  portions  of  necrotic  tissue  and  co£^ 
lated  fibrin  are  formed  in  the  cavity  of  the  wound  itself  Some  of  tl 
blood-corpuscles  have  assumed  a  star-shaped  appearance,  while  othe 
are  simply  swollen  and  pale  in  color.     Coagulation  in  the  neighborii 


I-'li;  30. — Grnnulaiing  woutul  on  iho  surface  of  s  nodule. 


capillaries  follows  the  passage  of  the  trabecula;  into  the  mouths  of 
open  blood-vessels.     The  last  traces  of  the  red  biood-corpuscles  hi 
almost  entirely  disappeared  at  the  end  of  forty-eight  hours,  their  forr 
site  being  marked  by  spaces  in  the  network.     Those  which  rem 
become  either  translucent  or  finely  granular. 

With  the  disappearance  of  the  red  blood-corpuscles  the  so-cal 
cells  of  new  formation  make  their  appearance.  These  are  small  roi 
cells  with  a  clear  nucleus,  and  resemble  the  young  cells  of  connect 
tissue  as  well  as  the  colorless  blood-corpuscles.  These  fill  up  the  | 
and  are  crowded  into  the  surrounding  injured  structures  and  neighb 
ing  perivascular  spaces.  About  the  fourth  day  blood-ves.sels  pas* 
small  loops  from  the  edges  of  the  wound  and  meet  ,and  unite  in 
middle  of  the  intervening  coagulum  (Julian  Arnold).  These  ves; 
spring  from  the  capillaries  by  a  process  of  "budding,"  a  slight  gra 
lar  thickening  (protoplasmic  proliferation)  marking  the  site  upon 
wall  of  a  capillar}'  where  a  new  vessel  is  about  to  bud.  This  gram 
thickening  or  projection  develops  into  a  fine  cord  with  a  thread- 
termination.  The  base  of  this  protoplasmic  cord  becomes  hnllo' 
out  upon  the  side  toward  the  ves.sel  from  which  it  springs,  and  bl 
enters  the  cone-shaped  base  from  the  parent  vessel.  Arch-sha 
connection  between  two  capillaries  is  established  by  union  of  th 
protoplasmic  cords,  and  the  protoplasmic  arch  is  thus  formed.  Fina 
complete  communication   is  established  by  a  process  of  canalizai 
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which  lakes  place  in  the  intermediate  portion  of  the  arch.  The  proto- 
plasmic arches  becomi;  lined  with  endothelium. 

By  a  process  of  cleavage  new  cellular  elements  develop,  new  cap- 
illary vessels  are  formed,  and  this  primary  cellular  layer  is  enlarged 
from  within  by  the  adjacent  round  cells  of  new-formation,  which 
form  the  advcntitia  of  the  new  vessels.  These  formative  round  cells 
of  Marchand  fill  the  wound  and  soon  begin  to  undergo  transformation. 
A  framework  springs  up  in  the  spaces  between  the  cells,  which,  in  all 
probability, originates  in  the  cells  themselves.  This  framework  is  partly 
striped  and  partly  granular  at  first,  but  later  in  the  development  the 
striped  appearance  becomes  more  clearly  defined,  and  there  eventually 
dci-clop  in  the  intercellular  substance  fine  fibers  at  the  site  of  the  for- 
mer stnations.  Between  these  fine  fibers  arc  found  spindle-cells.  which 
by  some  are  supposed  to  be  the  remains  of  the  formerly  existing  mass 
rf  round  cells.  The  new  tissue  now  closely  resembles  young  connec- 
tire  tissue;  it  is  richer  in  blood-vessels,  however.  The  spindle-cells. 
aswellastheroundorformativecells,  disappear  by  processes  of  granular 
degeneration  and  absorption,  or  they  are  either  taken  up  by  the  circu- 
lation when  only  partly  developed  or  destroyed  by  cell-action. 

Finally,  the  process  of  repair  is  completed  by  the  sheltering  cover 
of  the  epidermis.  Pending  the  formation  of  the  latter,  a  crust  of  broken- 
down  blood -corpuscles  and  epithelial  scales,  held  together  by  dried 
exudation,  forms.  Beneath  this  temporary  protection  new  epithelium. 
(iimishcd  by  the  rete  Malpighii  of  the  adjoining  sldn.  develops.  Nuclear 
Kgmentation  of  the  cells  of  the  latter  takes  place,  and  these  new  cells 
arrange  themselves  from  the  periphery  over  the  surface  of  the  new- 
formation  until  they  meet  in  the  center,  and  the  surface  of  the  wound 
is  finally  covered  in. 

The  histological  processes  followed  in  the  healing  of  a  wound  by 
Mcond  intention,  or  healing  by  suppuration,  are  essentially  the  same. 
ttTien  the  round  celts  appear  and  are  brought  in  contact  with  the  pu- 
trid blckod,  they  rapidly  perish  and  are  cast  ofT  with  the  secretions  of 
liie  wound.  The  latter  consist,  at  this  time  (during  the  first  throe  days), 
rf  partions  of  fibrin,  red  blood-corpuscles  in  different  stages  of  decom- 
poatiofi,  granular  detritus,  bacteria,  and  dead  connective-tissue  cells. 
Tbese  ccU.s  arc  undergoing  changes  in  quality  and  form,  and  con.stitute 
with  the  lcukoc>tes  which  migrate  to  the  parts  the  principal  components 
of  pu-t.  While  numerous  connective -tissue  cells  arc  being  thrown  off 
frooi  the  surface  of  the  wound,  new  ones  are  being  supplied  to  take 
their  place,  until  the  lowest  layer,  becoming  gradually  supplied  with 
Uood-vcsscls.  remains  to  form  the  young  connective  tissue,  which  latter, 
with  its  numerous  loops  of  vessels,  each  surrounded  by  a  growth  of 
the  same  connective-tissue  cells,  appears  as  a  collection  of  bright  and 
imgular  nodules,  the  granulations.  With  lessened  discharge  of  pus 
the  granulation -tissue  gradually  fills  up  the  cavity,  and  the  size  of  the 
bttcr  is  diminished  by  a  general  shrinkage  of  the  whole  wall.  Finally, 
is  the  surface  f>r  the  wound  becomes  level  with  the  surrounding  sur- 
face, dcatrizabon  is  completed  by  the  renewal  of  the  protective  epider- 
BUL  While,  as  a  rule,  the  new  epidermis  forms  a  narrow  zone  about 
the  edges  of  the  wound,  it  occasionally  happens,  in  addition,  that  little 
idctf  •pring  up  away  from  the  margin,  themselves  to  become  tlie  cen- 
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ters  of  successive  zones  of  new  epidermis.  Inasmuch  as  these  caTin< 
spring  from  the  rete  Malpighii,  the  explanation  of  their  occurrence 
that  they  either  originate  from  the  cells  surrounding  the  sweat-giant 
and  hair-follicles  which  may  have  escaped  injury,  or  are  the  offspriri 
of  epithelial  cellular  elements  that  have  been  accidentally  engraft* 
upon  the  granulating  surfaces  during  changes  of  dressings,  or  in  son 
other  way.  In  any  event,  it  is  not  probable  that  these  epithelial  eel 
are  formed  from  the  round  cells  of  the  granulating  tissue. 

TTie  (juesion  of  ihe  oripin  of  the  conneclive-lissue  cells  during  ihe  liesling  process  \ 
received  a  gfcat  deal  of  attention.  It  waa  fonnerly  supposed  thai  the  spindle- shaped  ci 
pusclei,  the  only  celU  then  knowu  (□  exist  as  connective-tisfue  cells,  were  the  progcnili 
of  Ihe  round  cells.  The  origin  of  this  belief  was  probably  the  observation  previously  ma 
ihat  in  fetal  connective  lissue,  spiodle-ceth  developed  fcom  the  round  cells  are  found  lyi 
in  numbers  in  the  malrii  (Virchow).  Recklinghjiusen  in  1 863,  in  the  course  of  esperime 
on  the  tumea  of  rabbits  nnd  ftugs.  found  in  addition  lo  the  m-called  bxed  corneal  corpusc 
small  round  cells  which  posseised  Ihe  peculiat  property  of  changing  their  form  and  posili 
in  a  manner  entirely  indej^cndenl  of  each  other.  I'hev  bore  a  strikirig  resemblance  to  I 
pus-cells  as  well  as  the  while  blooil-corjiuscles.  This  aroused  inquirj-  which  finally  rcsuli 
in  Cohnheim's  successful  demonslmlion  of  the  direct  origin  of  (he  migratory  cells  from  I 
blood  and  the  idenlilicalion  of  these  vith  the  while  blood-corpuscles  1 1867 ),  althougbi 
long  ago  as  1814  Dubachet  in  France,  and  again  in  1846  Waller  in  England,  discovered! 
emigration  of  the  while  blood -corpuscles  through  the  walls  of  the  vessels  in  the  mesent 
of  the  fn^  wilhoul,  however,  realiiing  the  iroportanee  of  the  subject.  Whether  all  the  I 
present  in  a  case  of  prolonged  suppuration  can  be  accounted  for  by  Cohnheim's  theory  is 
intetuting  question.  It  is  diHicull  to  understand  how  ilie  blood  could  furnish  such  enormi 
quajitilies  of  colorless  blood -corpuscles.  According  lo  Ihe  Cohnheim  diapedesis  theory, 
Dtdy  must  the  blood  furnish  Ihe  enormous  amount  of  pus  through  its  while  blood -corpnsc: 
bul  in  addition  the  round  cells,  the  newly  formed  blood-vessels,  their  walls  |  first  homo 
neous  and  then  nucleated),  the  young  connective  tissue,  and  finally  the  granulatidn-slruclt 
must  be  accounted  for.  In  opposition  lo  this  the  adversaries  of  the  eiclusive  diapedi 
theory,  notably  RecklingbaUM^n  and  Strieker,  reported  a  series  of  observations  whereii 
was  sought  to  show  that  connective- tissue  cor^iuscles,  as  well  as  endothelial  cells,  underg 
contractile  change  of  shape  and  division.  This  was  conihaied  by  Cohnheim  and  his  folli 
ers  by  means  of  the  classical  expenmcDts  wilh  cinnabar.  In  order  lo  distinguish  the  wl 
blood -corpuscles  from  oiher  cell-elements  for  which  they  might  be  mistaken,  the  blood 
frogs  was  injected  with  cinnabar,  the  finely  divided  particles  of  which  were  absorbed 
the  white  blood -co  rpuscles.  The  frt^s  were  then  subjected  10  an  injury,  at  the  site 
which  the  while  blood -corpuscles  could  be  seen  escaping,  enclosing  the  particles  of  cinnat 
This  was  met  by  Recklinghausen  by  calling  attention  to  the  well-known  fact  that  the  pi 
clei  of  cinnabar  may  escape  directly  into  the  tissues  from  Ihe  blood-vessels  of  ixvffi 
injected,  and  there  stain  cells  formed  outside  the  vessels.  .\t  the  present  time,  howe* 
the  theory  of  eitravascular  formaliuu  of  cells,  although  it  constitutes  the  most  rational 
planation  of  the  reparative  and  regenerative  processes  which  take  place  afler  dcslmction 
parts,  has  not  been  established  by  direct  obscrvaiioa.  On  the  other  hand,  it  may  be  > 
ifapt,  while  the  theory  of  migration  of  the  colorless  blood -corpuscles  appears  lo  DC  est 
lished,  the  proof  that  these  take  an  active  pan  in  the  restoration  of  lost  parts  is  want! 
The  controversy  as  lo  the  formation  of  Ihe  cicatrix  through  Ihe  medium  of  the  round  ci 
whatever  the  origin  of  the  latter,  cannot  in  all  probabiUty  be  settled  until  a>eans  of  dis 
guishing  between  young  connective  cells  and  oilorless  blood  corpu^les  have  been  ■ 
covered. 

The  distinction  between  healing  with  and  without  inflammation, 
heretofore  made,  must  be  abandoned.  Furthermore,  Galen's  dcfiniti 
of  the  conditions  present  must  be  broadened.  Experimental  reseai 
on  animals  and  observations  in  man  have  thus  far  tJetermined  that  I 
local  disturbances  following  an  injur>'  to  the  tissues  are  essentia 
those  of  the  inflammatory  process,  including  as  they  do,  (i)  dilatad 
of  blood-vessels;  (3)  increase  in  the  (wrmcabihty  of  their  walls; 
augmented  supply  of  initrintonl  to  the  tissues;  (4)  migration  of  wh 
blood-corpuscles  through  the  viifiuUr  w.ills  into  the  surrounding  c( 
nective-tissue  spaces.     In   an    ;iilvanced   st:ige   of  the   process   th- 
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probably  occurs  (5)  proliferation  of  pre-existing  cells;  and  under  cer- 
tain circumstances  there  occur  (6)  processes  of  degeneration  and  de- 
composition, resulting  in  more  or  less  loss  of  tissue. 

The  Treatment  of  Wounds  and  Contusions. — In  the  formal 
mo^i deration  of  the  subject  of  the  treatment  of  wounds  and  contusions, 
wing  the  division  of  the  subject  already  laid  down,  it  will  be  con- 
Yfenient  to  deal,  first,  with  injuries  which  involve  a  breach  of  continuity 
of  the  surface,  whether  of  skin  or  mucous  menibranf,  and  to  which  the 
general  term  "wound"  is  applied,  and  secondly,  with  subcutaneous 
injuries. 

The  underlying  principle  to  be  observed  in  the  treatment  of  all 
oscs  of  injury  may  be  summed  in  the  word  "rest."  If  the  patient 
escapes  immediate  death  there  is  reason  to  hope  that  the  natural  proc- 
esses of  tissue-building  embraced  in  the  term  "repair"  will  be  suf- 
fioent,  providing  these  are  permitted  to  go  on  in  an  uninterrupted 
manner,  to  restore  the  patient  to  comparative  or  even  perfect  health, 
la  addition  to  this,  arrest  of  hemorrhage  in  wounds,  and  in  some 
instances  of  subcutaneous  and  internal  injuries  as  well,  will  be 
demanded. 

The  methods  of  securing  the  most  perfect  rest  of  the  injured  parts 
will  vary  with  the  character  of  the  injury,  the  special  qualities  of  the 
Issues  involved,  the  location  and  conformation  of  the  injured  parts, 
natural  temlencies  to  displacement  of  separated  structures,  etc.  These 
■alters  will  be  more  fully  discussed  in  the  chapters  devoted  to  the 
iurgcrj*  of  separate  regions.  In  the  present  connectitm  the  subject  of 
lh«  general  principles  involved  in  the  treatment  of  inj  uries  to  individual 
structures  will  alone  be  considered. 

Arrest  of  Hemorrhagre. — Complete  heniostasis  is  to  be  obtained 
in  every  wound.  To  this  rule  there  is  but  one  exception — namely,  a 
wound  in  which  the  defect  caused  by  loss  of  tissue  is  to  be  filled  by 
an  attempt  at  so-called  organization  of  a  blood-clot.  In  small  wounds 
and  in  those  in  which  only  the  smallest  vessels  are  divided,  as  well  as 
in  wounds  involving  cartilaginous  and  fibrous  structures,  hemostasis 
BUy  be  spontaneims.  In  slightly  larger  wounds  bleeding  may  be 
anextcd  by  mere  exposure  to  the  air.  The  majority  of  wounds 
cotning  under  the  care  of  the  surgeon  require  artificial  methods  of 
bemostzsts.  All  of  these,  as  well  as  the  natural  means  employed, 
act,  when  efficient,  by  producing  a  mechanical  obstruction  to  the  flow 
of  blood  from  the  diuded  vessel,  this  obstruction  lasting  for  a  sufilicient 
time  to  ensure  permanent  seahng  of  the  divided  vessel-end. 

First  among  methods  of  arresting  hemorrhage  is  finssun:  This 
my  be  digital,  the  finger  being  placed  upon  the  bleeding  point,  either 
dstad  or  proximad  to  the  same.  This,  as  a  rule,  is  a  temporary  expe- 
dient only,  .ind  when  placed  upon  the  cut  end  of  the  bleeding  vessel 
tkc  fingw  in  the  wound  is  in  the  way  of  the  manipulation  necessary  in 
Bib»equcnt  treatment.  It  is  objectionable  also  in  other  respects — i.e., 
it  increases  the  risks  of  suppuration  by  favoring  the  introduction  of 
Kpbc  material  into  the  depths  of  the  wound,  as  well  as  by  producing 
iacnascd  traumatism  of  the  parts  involved  in  the  injury,  and  thus 
oqsJustztng  the  twns  mi'ivris  risislfntiit.  Hence  digital  compression 
il  to  be  classed  aa  a  temporar>'  expedient,  to  be  used  only  in  cases  in 
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which  an  unnecessarily  large  amount  of  blood  will  be  lost  before  othe 
and  better  methods  can  be  applied.  As  an  example  of  such  case 
may  be  mentioned  extensive  wounds  of  the  forearm  involving  th 
radial  and  ulnar  arteries,  when  pressure  of  the  brachial  will  arrest  th 
hemorrhage;  or  again  in  o[>crations  upon  the  kidney  in  which  th 
renal  artery  and  vein  have  been  wounded  with  the  organ  still  in  sitt 
and  in  which  it  would  be  unwise  to  attempt  to  employ  a  forceps  i 
once,  when  a  thumb  and  finger  introduced  into  the  depths  of  th 
wound  will  so  much  more  readily  and  quickly  grasp  the  pedicle  an 
arrest  ihe  hemorrhage,  and  will  serve  also  as  a  guide  for  the  applia 
tion  of  the  forceps. 

Compression  by  means  of  sponges  or  compresses  is  far  superior  ( 
the  digital  method,  as  the  pressure  may  be  exerted  over  large  or  sma 
areas  at  will  and,  besides,  is  more  even,  thus  interfering  less  with  tl 
local  nutrition  of  the  part  than  digital  pressure.     This  means  of  hcm^ 
stasis  is  particularly  applicable  to  wounds  involving  large  areas  ( 
wounded   arterioles   and   venules.     Heat  is   advantageously   used 
connection  with  gauze  compresses.     This  may  be  dry  heat,  applii 
through  the  medium  of  towels  direct  from  the  sterilizer  and  laid  up( 
the  wound-surface  either  with  or  without  compression,  and  of  a  tei 
pcrature  almost  unbearable  to  the  operator's  hand.     The  hot  gauze 
towel  should  be  covered  with  other  towels,  so  that  the  effect  may 
continued  as  long  as  possible  without  the  necessity  of  renewal.     Ji 
previous  to  the  application   the  wound-surfaces  should  be  carefu 
dried.     This  application  of  heat  likewise  serves  to  counteract  whate* 
shock  is  present.     One  towel  or  a  succession  of  towels  may  be  usi 
Mi'ist  luiU  may  be  applied  by  means  of  towels  wrung  out  of  vt 
hot  plain  water  or  a  0.6  per  cent,  salt-solution  in  the  ca.se  of  n< 
infected  wounds,  or  some  antiseptic  solution  in  the  case  of  wour 
suspected  of  sep.sis.     Cold,  on  the  other  hand,  while  a  useful  hen 
static  agent  under  some  circumstances,  is  not  to  be  used  directly 
a  wound-surface,  for  the  reason  that  it  devitalizes  the  tissues  to  1 
great  an  extent. 

Of  fhcmUal  wnins  for  the  arrest  of  hemorrhage  in  the  treatm 
of  wounds,  the  less  said  the  iK'tler.  They  have  no  place  in  the  arr 
meiilarium  of  the  well-equipped  sui^eon.  They  do  more  harm  tl 
good,  and.  whether  the  wound  be  non-infected  or  septic,  chemi 
agents  in  wound-treatment  for  the  arrest  of  hemorrhage  are  ab 
lutely  and  imreservedly  contraihdicated.  Even  should  they  acc( 
plish  their  ohject,  thcj'  do  this  by  an  unnecessary  destruction  of  tisj 
thus  increasing  the  wound-area;  they  lead  to  increased  exudation,  | 
dis|Kise  to  secondary-  hemorrhage,  intliol  unneccssarj-  traumatism  u] 
adjacent  structures,  still  further  lowenng  the  vital  resistance  and  i 
dering  imjiossibtc  primarj-  union  or  anj-  approach  to  it,  and  in  en 
way  del.iy  raiJid  healing.  They  arc  inefficient  in  the  face  of  ac 
hemorrh.igc,  and  in  wounds  the  bleeding  from  which  is  of  a  mi 
character,  other  and  better  n>cans  arc  alwavs  within  reach. 

l^>st  but  Itest  of  the  many  means  at  our  disposal  in  the  arrcs 
hen>onh,>i;e  fmni  wound-surfacx's  is  the  application  of  the  hcmosi 
/fVvrpf.  It  accomplishes  the  ei\d  either  by  pressure  alone  or  by  pr 
ure  combined  with  torsion.    Should  this  means  pro\'e  unsucce^ul. 
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application  of  th«  ligature  is  at  once  efficient  and  trustworthy.  The 
degree  of  traumatism  inflicted  is  shjjht  if  the  proper  instrument  and 
approved  method  of  apphcation  arc  employed;  the  result  is  immediate 
and  satisf.iciop,'. 

Cleansing  and  Disinfection — Preliminary  cleansing  of  the  wound 
and  its  surroundings  constitutes  the  difference  between  operative  and 
accidental  wound-lreatment  It  is  the  lack  of  this  that  renders  the 
Utter  difHcult  of  management.  The  treatment  of  all  non-operative 
HTQunds  is  essentially  the  same,  the  object  being  to  cleanse  thor- 
oughlv,  first  the  surroundings,  and  second  the  wound  itself,  so  that  the 
latter  will  conform  as  nearly  as  possible  to  a  properly  treated  opera- 
txm-wound.  While  aseptic  wound-treatment  is  mainly  applicable  to 
wounds  made  by  the  surgeon,  the  latter  will  occasionally  be  sum- 
moned sufficiently  early  to  an  accidenLilly  inflicted  wound  or  to  those 
made  under  circumstances  which  imi>el  him  to  consider  the  wound  not 
materially  infected,  in  which  case  the  aseptic  treatment  may  be  insti- 
tuted. In  ariy  event  methods  must  be  employed  which  will,  as  far  as 
possible,  sterilize  the  site  of  the  wound,  its  immediate  neighborhood, 
and  all  articles  that  are  likely  to  come  in  contact  with  it,  including  the 
hands  and  persons  of  the  surgeon  and  his  assistants.  A  large  propor- 
tion of  the  pathogenic  bacteria  which  finally  find  their  way  into  wounds 
have  their  habitat  upon  the  cutaneous  surface  of  the  body  or  in  those 
articles  of  wearing  apparel  worn  ne.xt  to  the  skin.  Otliers  less  virulent, 
but  culpable  of  becoming  actively  pathogenic  under  conditions  of  le.s- 
sencd  local  vital  resistance,  such  as  the  Stnphvlococciis  tf<idcriiiidis  albus 
(Welch),  are  also  present,  as  well  as  others  that  are  positively  harmless. 
Only  criminal  carelessness  will  permit  a  surgeon  to  make  an  incision 
into  integument  which  has  not  been  deprived,  as  far  as  possible,  of 
dicsc  lurking  sources  of  danger.  No  disinfection  or  sterilization  of 
instruments,  care  in  operative  technic,  nor  application  of  antiseptic 
diesOTigs  can  in  any  degree  compensate  for  failure  in  this  respect 
(FcM-  aseptic  operative  technic  see  Chapter  W.) 

In  accidentally  inflicted  wounds  the  indications  for  preventing  further 
infectkMi  are  as  imperative  in  their  demands  as  are  those  precautions 
talcen  prior  to  the  infliction  of  an  operative  wound.  The  clothing  must 
be  removed  and  the  surface  of  the  body  in  the  neighborhood  subjected 
to  a  \-igorous  scrubbing  with  warm  water  and  a  strongly  alkaline  soap, 
■  clem  bristle  hand-brush  being  employed  for  the  purpo.se.  The  parts 
are  then  to  be  shaved,  again  scrubbed,  washed  with  ether  and  alcohol, 
drncd  with  a  l :  itwo  sublimate  solution,  and  covered  with  a  gauze 
CDOipress  wetted  with  the  latter,  i)ending  further  care  of  the  wound, 
such  as  the  introduction  of  sutures,  etc.  Further  precautions  against 
leinfeclkin  consist  in  covering  the  surrounding  parts  with  sterilized 
linrcb. 

In  the  case  of  wounds  of  cavities  lined  with  mucous  membrane, 
^xdal  cleansing  methods  are  to  be  followed.  The  mouth  and  the 
pltaiyi^eal  cavities  are  clean.sed  with  a  i  per  cent  solution  of  potassium 
dilonrtc  or  a  wine-colored  solution  of  potassium  permanganate.  The 
iwh  arc  to  be  vigorously  brushed  with  a  stiff  tooth-brush.  Carious 
lecth  should  be  removed.  The  vagina  should  be  cleansed  with  soap 
■u]  warm  water,  a  bunch  of  gauze  or  absorbent  cotton  grasped  in  a 
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spongc-hokler  or  forceps  being  used  to  assist  in  the  cleansing.  1 
wounds  involving  the  rectum  the  latter  is  to  be  emptied  and  irrigatet 
and  its  upjitT  paj't  packed  off  with  bunches  of  gauze  coated  with  va; 
elin  while  the  sutures  are  being  applied.  Threads  are  attached  to  th 
gauze  to  facililate  its  removal.  The  bowels  are  confined  for  two  C 
three  days,  and  when  finally  moved  the  stools  are  rendered  fluid  b 
proper  laxative  medication  and  enemata  to  prevent  .separation  of  tl; 
suture-line. 

In  the  treatment  of  accidental  wounds  the  cleansing  of  the  wour 
itself  consists  in  the  removal  of  all  forcigit  niaterial,  the   presence  t 
which  must  necessarily  interfere  with  repair.     Blood-clots  are  remove 
as  well  as  all  macroscopic  dirt.     Cases  coming   under  the   care  of  tl 
surgeon  after  necrotic  changes  have  occurred  demand  the  removal  < 
all  dead  nr  dying  tissues,  as  far  as  possible.    The  removal  of  the  lalti 
unless  demanded  at  once  by  grave  general  sepsis,  may  be  left  to  r 
tiire's  efforts,  but  may  be  greatly  facilitated  by  the  employment  of 
agent  that  shall  combine  antiseptic  and  stimulating  properties,  such 
naphthalin,  the  rapidly  forming  granulations  tending  to  throw  off  t 
devitalized  parts.     Other  foreign  material,  such  as  bits  of  glass,  ste 
buttons,  portions  of  clothing,  small   fragments  of  bone,  etc.,  must 
removed  by  means  of  pieces  of  gauze,  thumb-forceps,  and  irrigatii 
Instruments  especially  designed  for  the  purpose,  such,  for  instance, 
bullet-forceps,  are  employed  in  suitable  cases,  and.  in  addition,  the  i 
of  the  knife,  scissors,  and  curet  becomes  necessary  under  certain  ( 
cumstances.    As  a  cutting  instrument  for  enlarging  wounds  in  order 
gain  better  access  to  foreign  bodies,  the  knife  is  to  be  preferred  to 
scissors,  for  the  reason  that  the  latter  divides  the  structures  witi 
crushing  effect,  and  hence  inflicts  an  additional  degree  of  traumati; 
The  curet  is  mainly  useful  in  the  removal  of  septic  granulation-tis 
in  the  course   of  the  after-treatment.      Gunprni'der  grains  may   be 
moved  in  great  part  by  a  vigorous  scrubbing  with    a  stiff  brush   un 
an  anesthetic  and  subsequent  removal   of  the   remaining  grains  b; 
fine-pointed  knife  and  delicate  forceps.     Even  if  each  grain  is   not 
moved  in  this  way  in  its  entirety,  it  is  broken  up  into  fine  particles  wl 
finally  disappear  in  the  majority  of  cases,  leaving  but  little  staining 
the  tissues. 

Contused  Wounds.— It  is  always  to  be  borne  in  mind  that  r; 
union  and  good  functional  result  are  to  be  desired  in  all  wounds  h 
ever  contused  or  lacerated,  and  to  this  end  every  other  considera 
is  to  he  subsei-vient  In  former  times  it  was  considered  u.seless  to 
tempt  to  obtain  primary  imion  in  cases  where  the  wound-edges  \ 
contused.  The  existence  of  this  condition,  indeed,  was  consider! 
contraindication  to  the  closure  of  the  wound,  violent  phlegmot 
inflammatory  action  frequently  ensuing.  The  reasons  for  the  occurn 
of  the  latter  are  now  well  known.  What  with  the  introductioi 
irritating  niicro-organi.sms  at  the  time  of  the  reception  of  the  inj 
the  lessening  of  the  vital  resistance  of  the  involved  tissues  by  the  la 
and,  in  addition,  the  possibilities  of  further  infection  through  the 
dium  of  the  suture-material  or  other  means  employed  to  close 
wound,  in  the  light  of  our  present  knowledge  the  only  wonder  is 
the  patients  e.scaped  with  their  lives,  not  that   their  wounds   sh 
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have  healed.  Immediate  union  of  wounds  with  contused  edges  is  now 
attcmptetl  under  circumstances  where  the  requirements  of  a  rigid 
ucpsis  and  antisepsis  are  met.  Cases  will  arise,  however,  in  which  the 
tissues  arc  crushed  beyond  hope  of  recovery.  Here  either  the  attempt 
to  obtain  primary  union  must  be  abandoned,  or  the  crushed  portions 
must  fir^t  be  removed. 

Coaptation. — This  consists  in  replacing  the  severed   tissues   in  as 
nearly  their  normal  relation  as  possible.     This  is  easily  accomplished 
in  the  ca.se  of  incised  wounds,  but  in  contused  and  lacerated  wounds  it 
IS  difficult,  and  when   there  is  con.siderable   loss  of  tissue,  impossible. 
It  should  be  attempted  in  all  wounds  that  will    permit  it.     It    may 
be  immediati-,  or  directly  following  proper   hemoslasis   and    cleans- 
ing and  disinfection,  or  secondary,  some  hours  or  even  days  inter- 
vening, as  in  cases  in  which,  from  the  nature  of  the  wound,  a  copious 
i&schargc  U  expected  to  occur.    Position  ranks  first  in  securing  coapta- 
tion.    The  wounded  p.irt  is  to  be  brought  into  such  a  position  as  to 
tfiminish  to  the  greatest  possible  extent  the  tendency  of  its  edges  to 
gape.     This  may  be  attained  by  either  (lexing  or  extending  the  parts, 
accorcfing  to  circumstances.     Bandages,  fi.xed  dressings  such  as  those 
cf  plaster  of  Paris,  and  splints  of  various  kinds  are  used  to  insure 
miatcnance  of  the  proper  position.     Pressuri:  may  be  cmplojed  in 
suitable  cases,  as  in  small  wounds  whose  edges  show  very  slight  ten- 
dency to  gape,  or  indirect  by  means  of  rolls  of  gauze  placed   on  each 
wJe  of  the  wound  and  held  in  place  by  a  retaining  dressing.    Adhesive 
matfrial  is  sometimes  used,  such  as  adhesive  plaster,  collodion,  plain 
or  incorporated  in  gauze  or  absorbent  cotton.     It  is  only  in  small  or 
sjperficial  wounds  that  adhesive  material  is  of  service,  and  then  only 
•ben  asepsis  is  reasonably  well  assured.    In  large  wounds  it  is  used  as 
vt  adjunct  to  other  measures.    Collodion  is  particularly  useful  in  draw- 
ii^  together  the  suture-line,  while  adhesive   plaster  is   useful  applied 
outside  the  dressing  as  an  adjunct  to  the  binder  or  bandage,  especially 
m  such  parts  as  the  chest  or  abdomen,  where  absolute  rest  is  most  es- 
lenlial  and  at  the  same  time  difficult  to  obtain. 

Siirurts  rank  next  in  im[>orlance  to  position  and  rest  in  maintaining 
Imparts  in  their  rel.ition  to  each  other.  The  strength  and  durability 
rf  the  material  employed  will  depend  upon  the  character  of  the  tissues 
to  be  ^iproximated.  their  .'situation,  etc.  In  suturing  the  integumentary 
tnucs  the  materials  selected  should  be  such  as  are  least  favorable  to 
pnn-growth.  For  tliis  reason  catgut  should  be  discarded,  and  srlk- 
•nnn-gut,  silver  wire,  or  silk  used.  For  those  deeper  structures  which 
bite  long  in  healing,  such  as  bone,  tendon,  and  fascial  and  aponeurotic 
tiiMie*,  stouter  and  more  resistant  material  will  be  required  than  in  the 
Q*e  of  muscles,  nerves,  and  blood-vessels,  which  unite  more  rapidly. 
Aecofding  to  J  B.  Murphy,  however,  silk  is  the  preferable  material  in 
Muring  wounds  of  blood-vessels.  The  traumatism  inflicted  by  the 
•liire*  themselves  should  be  borne  in  mind,  and  the  size  and  character 
*f  the  malcrial  should  be  selected  with  this  in  view.  Severed  nerves. 
Basdes,  tendons,  bones.  fasci;i;  and  aponeuroses,  and  the  larger  blood- 
Vtaids  «houM  be  approxini-itcd  each  with  its  appropriate  suture.  In 
Xiperficial  wounds  imperatively  requiring  suturing,  such,  for  in.stance.  as 
tMw  located  over  the  point  of  the  elbow,  the  knee,  and  of  the  scalp. 
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and  whicli  tend  to  gape  widely,  skin-sutures  alone  arc  sufficient, 
deeper  wounds  sutures  may  approximate  the  wound-layers  separate 
or  all  may  be  included  in  one  layer,  lliese  being  either  buried  or  i 
movable.     In  bringing  the  sutures  through  the  skin  they  may  be  ma 
to  emerge  near  the  wound-edges  or  at  a  distance   from  them.     T 
latter  are  known  as  "  rcJaxation-suture.s,"  since  they  transfer  the  str; 
of  the  .stitches  from  the  immediate  neighborhood  to  a  distance.     Tcnst 
upon  the  wound-edges  should  be  avoided  whenever  possible,  since, 
a  result  of  the  traumatism,  these  possess  a  lower  vitality  than  the  pa 
at  a  distance,  and  hence  are  more  liable  to  become  infected.     The  t< 
sion  of  the  suture  may  be  overcome  in  great  measure  by  correct  pc 
tion  and  relaxation-sutures;  that  arising  from  compression,  if  it  res 
in  necrosis  of  tissue,  is  inexcusable.     In  addition  to  necrosis  and  inf 
tion  following  the  improper  application  of  sutures,  the  strain  plat 
upon  structures  sutured,  particularly  in  the  case  of  large  defects 
tissues  naturally  unj'ielding,  may  be  excessive  in  spite  of  every  c 
upon  the  part  of  the  surgeon.     It  may  even  prove  to  be  more  than  ' 
structures  can  bear,  in  which  case  a  cutting  through  of  the  tissues  fr 
ulcerative  action  occurs.     The  tissues  drag  against   tlie   rigid  and 
yielding  thread,  separation  occurs  in   the  suture-line,  and  the  thr 
often  becomes  buried  out  of  sight.     This  last  effect  .sometimes  resi 
from  undue  swelling  of  the  skin  itself  nn  account  of  infection  from 
great  tension  upon  the  sutures,  the  result  of  overanxiety  on  the  f 
of  the  surgeon  to  secure  firm  approximation  of  the  wound-edges. 
this  connection  it  should  be  borne  in  mind  that  all  the  purposes 
coaptation  are  fulfilled  by  a  loose  adjustnient  of  the  cut  edges  to  e 
other.     The  attempt  to  do  more  than    this   and    to   force   the   inju 
parts  firmly  against  each  other  will  accomplish  no  more  than   siir 
approximation,  and  is  fraught  with  risk. 

Drainage. — By  drainage  is  meant  the  process  of  removal  of 
wound-secretions.  Every  wound,  however  small,  is  the  seat  of  a  > 
tain  amount  of  exudation.  In  the  early  stages  this  is  .serious,  bu' 
the  event  of  infection  it  becomes  seropurulent  and  finally  purul 
The  indications  for  drainage  vary  in  difitrent  wounds,  and  the  melh 
of  drainage  to  be  employed  arc  governed  by  the  character  of  the 
charge.  Small  incised  wounds  require  no  artificial  drainage  ;  if  c 
they  may  be  closed,  and  if  septic  they  may  be  left  open  for  nat 
drainage.  Large  incised  wounds  of  accidental  origin,  if  tre 
promptly,  may  frequently  be  closed  without  drainage.  If  the  det 
fascial  and  aponeurotic  structures  have  been  opened  up,  and  ther 
invasion  of  mu.scular  planes,  and  particularly  if  entrance  into  jc 
has  been  effected,  artificial  drainage  must  be  provided  for.  Woi 
not  nece.s.sarily  extensive  in  themselves,  but  complicated  by  injurie 
the  surrounding  soft  parts  and  likely  to  give  rise  to  a  large  serous  i 
dation.  may  be  left  entirely  open  for  the  first  twenty-four  or  forty-e 
hours  and  lightly  tamponed  with  sterile  or  antiseptic  gauze.  Secom 
sutiirin_^  may  be  practised  in  these  ca.ses.  If  decided  infection 
taken  place  the  secondary  suture  must  be  postponed  until  all  trace 
this  have  subsided;  otherwise,  sutures  having  been  introduced  anc 
loose  at  the  time  of  the  first  dressing,  the  wound  may  be  closed, 
method  of  primary  drainage  and  secondary  suture  has  much  to  ret 
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Oicnd  it  in  lai^e  non-operative  wounds.  In  this  manner  speedy  union 
y  be  secured  in  wounds  in  which,  if  suturud  priniarily,  tissue-necro- 
s»  would  have  ensued  as  a  result  of  pressure  on  the  tissues  by  the 
suture,  the  cause  of  the  pressure  being  the  retention  of  the  wound- 
discharges.  Large  incised  wounds  without  coincident  damage  to  sur- 
rounding ti.ssues,  even  ihough  sufficient  time  has  elapsed  and  the  sur- 
roundings are  such  as  to  excite  a  reasonable  suspicion  of  the  .super- 
vention of  sepsis,  may  often  be  partially  closed  by  sutures,  the  most 
dependent  portion  being  left  open  for  natural  drainage,  or  artificial 
drainage  being  provided  for.  All  lacerated  and  contused  wounds  must 
be  drained  except  in  ca.ses  where  the  contused  and  lacerated  portions 
on  be  removed  and  the  wound  converted  into  a  simple  incised  wound. 
This  should  be  done  whenever  pos.siblc;  but  where  it  cannot  be  accom- 
plished without  impairment  of  function  or  too  great  loss  of  tissue,  it 
is  contraindicated. 

AH  wounds  of  non-operative  origin  must  be  carefully  watched. 
Tins  applies  with  special  emphasis  to  tho.se  that  have  been  closed  pri- 
marily; these  are  to  be  opened  up  freely  upon  the  first  evidence  of 
Kp&ts.  The  border  line  between  aseptic  and  septic  wounds,  or  those 
Gkely  to  become  so.  is  difficult  at  times  to  determine  in  the  class  under 
■fiscussion,  and  the  conservative  surgeon  will  lake  the  safe  side  in  case 
of  doubC  Given  a  wound  upon  a  portion  of  the  body,  particularly 
where  disfigurement  is  to  be  avoided,  as  in  the  ca.se  of  the  face,  if  the 
orculatory  conditions  favor  rapid  healing  in  spite  of  some  exposure  to 
infection,  if  the  wound  has  been  seen  early  and  the  most  scrupulous 
pnxaution  taken  to  remove  any  possible  source  of  infection  from  the 
wound  and  its  neighborhood,  and  if  the  circumstances  surrounding  the 
infliction  of  the  wound  in  relation  to  sepsis  do  not  contraindicate, 
then  approximation  of  the  edges  should  be  accomplished  at  once.  If, 
Mlhc  other  hand,  considerable  time  has  elapsed  since  the  infliction  of 
^L  tile  wound,  the  latter  in  the  meantime  having  been  exposed  to  cniidi- 
H  bons  inviting  sepsis,  as  contact  with  clothing  or  other  probable  sources 
H  <f  infection,  if  the  surroundings  do  not  admit  of  disinfection  to  the 
P  WiirfiKtion  of  the  surgeon,  and  if  upon  investigation  the  cause  of  the 
r  VMad  has  been  .ascertained  to  involve  septic  conditions,  drainage  must 
!  be tmploycd.  In  deep  wounds  with  narrow  external  openings  and  in 
I  ihose  involving  joint-  or  other  cavities,  drainage  is  indicated.  In  large 
nbcutancous  injuries,  and  in  those  in  which  decided  losses  of  tissue 
I        cause so'called  "dead  spaces,"  counteropenings  are  indicated  to  allow 

cf  mflicient  drainage. 
L  ihans  of  Drainage. — ^The  simplest  means  of  effecting  drainage  is 
B  kani^  open  the  most  dependent  part  of  the  wound,  the  so-called 
H  stnnl  drainage.  The  most  commonly  employed  means  of  artificial 
■  ^kainage  U  the  use  of  .sterile  hygroscopic  gauze  or  cheese-cloth 
~  Hdeiial.  It  is  indicated  in  wounds  with  .serous  or  .seropurulent  dis- 
dttrgc  the  fluid  being  sufficiently  thin  to  permit  of  its  being  acted 
•^Jo  by  the  capillarit>-  of  the  threads  of  the  gauze.  In  infected 
•wmd*  the  gauie  may  be  impregnated  with  some  antiseptic  agent, 
^A  u  if>il^»fi>rm  or  wnc  oxid ;  in  non-infected  wounds  plain  dry  sterile 
tune  will  suffice.  Silkworm-gut,  horse-hair,  spun  glass,  and  narrow 
ttipiof  oil-silk  or  rubber  tissue,  have  been  employed.     They  possess 
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some  advantage  in  that  they  are  easier  of  removal  A  perforated  cov- 
ering of  oil-Silk  or  rubber  tissue  placed  upon  rolls  of  gauze  or  bundles 
of  common  lamp-wicking  assists  in  the  removal  of  the  drains  thus 
formed,  the  smooth  exterior  of  the  latter  facilitating  the  withdrawal, 
This  feature  is  a  particularly  desirable  one  in  the  removal  of  intraperi- 
toneal drains. 

In  wounds  from  which  the  discharges  arc  too  profuse  or  too  thick  to 
be  acted  upon  by  capillary  action,  lube-drainage  is  employed.     Tube- 
drains  are  made  of  rubber,  glass,  silver,  and  decalcified  bone.    The  last- 
named  niiitfrial  is  absorbable.     When  n  on -absorbable  tubes  are  em- 
ployed they  should  be  removed  as  soon  as  possible,  since  they  ac 
as  a  foreign  body  to  a  greater  extent  than  does  simple  gauze.     Thi 
latter  should  replace  tube-drainage  at  the  earliest  possible  moment 
Wounds   are   not   infrequently   maintained  in   a  septic   condition    b; 
the  persistent  employment  of  tube-drainage,  for  granulation -tissue  o 
low  vital  resistance,   and   hence  easy  of   infection,  lines  tlie    fistulou 
track    along   which    the  tube    lies.     The   fistulous   tracks  are   somt 
times  difficult  to  heal,  and  it  is  only  after  tlie  vigorous  u.sc  of  th 
sinus-curet  to  remove  septic  granulation-material  that  closure  is  finall 
accomplished. 

Dressing  of  Wounds. — The  protection  of  the  line  of  coaptation 
of  importance.     The  soft   layers  of  chet.se-cloth  now  so  universall 
employed  in  the  dressing  of  wounds  are  sufficiently  non-irritating  1 
be  brought  into  direct  contact  with  the  line  of  union  without  harr 
Some   sucgeon.s   prefer  a   narrow  strip  of   Lister's   oil-silk    protectiv 
while  others  apply  a  layer  of  collodion  in  which  iodoform  or  .son 
other  antiseptic  substance  has  been  dissolved.     These  are  unnecessar 
save   under   the   exceptional    circumstances   of   wounds   in    localiti 
where  it  is  almost  impossible  to   keep  the  gauze  dressings  close 
applied  to  the  wound  and  its  surroundings.      In  view  of  the  fact  th 
any  additional  factor  entering  into  the  dressing  materia!  may  introdu 
.sources  of  sepsis,  it  should  be  accepted  as  a  golden  precept  in  the  st 
gery  of  wounds  that  whatever  is  unnecessary  may  be  mischievous  a 
had  better  be  omitted. 

In  addition  to  affording  protection  to  the  wound  against  infecti 
and  injurj',  dressings  are  designed  to  absorb  discharges  escaping  fr< 
the  wound.   They  are  applied  immediately  following  hemostasis,  cleai 
ing  and  disinfection,  coaptation  and  drainage.      The  hygroscopic  gai 
or  cheese-cloth  already  mentioned  serves  the  purpose  admirably,  anc 
now  almost  universally  employed.     In  case  of  non-infected  wounds  i 
gauze  may  be  used  plain  ;  in  infected  wounds  it  must  be  inipregna' 
with  some  antiseptic  substance.     In  ca.ses  of  mild  infection  either  ioi 
form   or  zinc  oxid  answers   the  purpose  admirably;  in  most  virul 
forms  of  infection  some  such  decidedly  germicidal  agent  as  corros 
sublimate  is  employed.     When  there  is  a  tendency  of  phlegmoni 
inflammation  to  spread,  saturating  the  dressings  with   a    2j  to    5 
cent,  carbolic-acid  solution  is  of  especial  .service.     The  original  Lif 
dressing,  in  which  carbolic  acid  is  held  in  the  meshes  of  the  gauze 
some  resinous  material,  is  now  comparatively  httle  u.sed.     In  the  pi 
ence  of  evidences  of  infection,  and  particularly  where  sloughy  tiss 
are  to  be  separated,  wet  dressings  of  antiseptic  and  germicidal  si 
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Uons  are  indicated ;  otherwise,  wounds  heal  more  rapidly  under  dry 
dressings. 

In  order  to  afford  sufficient  protection  to  the  wound  the  dressings 
should  be  applied  with  a  generous  hand,  and  should  cover  the  parts 
for  some  distance  from  ihe  wound  itself.     They  should  also  be  appHed 
in  such  a  manner  as  to  ofier  the  least  discomfort  to  the  patient  and 
iAord  the  greatest  possible  rest  to  the  wounded  parts.     As  an  addi- 
tional protection  against  infection  iVom  the  atmospheric  air.  the  gauze 
dressings  are  covered   with  a  thick   layer  of  conimnn    noii-absorbcnt 
cotton  sterilized  by  dry  or  steam  heat.     This  is  not  the  finely  carded 
absorbent  cotton  of  the  dealers,  which  affords  little  or  no  protection 
against  germ-invasion.     Finally,  the  dressings  are  held  in  position  by 
properly  applied  bandages  (sec  Minor  Surgery).     Firm  and  equable 
compression,  applied  through  the  medium  of  large  cushion-like  dress- 
ings of  gauze  and  cotton,  affords  considerable  comfort  to  the  patient, 
particularly  when  combined  with  proper  position  and  complete  muscu- 
lar relaxation  of  the  injured  parts. 

Revision  of  Dressings  and  Redressing  of  Wounds. — If  with  the 
occurrence  of  swelling  the  compression  is  increased  to  the  extent  of 
pi'ing  rise  to  pain  in  injured  parts  previously  free  from  pain,  or  if  from 
the  restlessness  of  the  patient  or  other  circumstance  the  dressings  be- 
come accidentally  disturbed,  m'ision  of  the  dressings  is  demanded. 
Tlat  is  to  say,  the  bandages  and  dressing  materials  are  to  be  rearranged, 
Sid  perhaps  the  position  of  the  injured  parts  altered.  By  the  term 
rtdrtssing  is  meant  the  complete  removal  of  one  set  of  dressings  and 
the  application  of  another.  The  indications  for  the  latter  may  be 
tiniply  stated.  If  anything  goes  wrong  in  the  neighborhood  of  the 
vcntnd,  as  evidenced  by  heat,  pain,  or  soiling  of  the  dressings  ;  or  if 
the  general  well-being  of  the  [jatient  is  disturbed  by  elevation  of  the 
boily- temperature,  headache,  foul  tongue,  malaise,  and  restlessness,  the 
nund  should  be  su.spected  of  being  the  cause.  Under  these  circum- 
stuice.<i  the  injured  parts  should  be  examined  and  redressed,  such 
nodiiications  of  the  dressings  being  instituted  at  this  time  as  will  meet 
tbcparttcuUir  indications  found  to  be  present.  .Soiling  of  the  dressings 
by  a  simple  serosanguinolcnt  discharge  that  has  quickly  dried  in  the 
■Ksbcs  of  the  gauze  docs  not  of  itself  necessarily  indicate  exposure  of 
the  wound.  If  undue  tension  is  present  from  failure  of  drainage,  the 
dkains  should  be  cleaned;  if  the  sutures  are  found  to  be  cutting  into 
the  soft  parts,  these  are  to  be  removed  in  addition.  If  the  line  of 
approximation  shows  that  infection  has  taken  place,  this  should  be  met 
iy  appropriate  means.  If  mild,  as  shown  by  slight  reddening,  wet 
mttscptic  dressings  may  suffice.  If  a  decided  and  extensive  blush  is 
prt<vnt  the  sutures  must  be  removed  to  give  access  to  the  wound- 
O^it)',  which  must  be  thoroughly  cleansed  and  loosely  packed  with 
iDdnfami  g:iuze  moistened  with  a  95  per  cent,  alcohol  or  a  2\  per  cent, 
otfaoltc-^icid  solution.  The  former  has  been  found  to  be  exceedingly 
useful  in  mptilly  developed  phlegmonous  inflammation. 

If  no  indication  exists  for  the  revision  of  a  dressing  or  a  rc- 
(frwsing  of  the  wound,  it  is  a  sui^ical  error  to  di.sturb  the  dress- 
ing*, lave  for  the  purjmsc  of  removal  of  drains,  until  the  time  arrives 
far  the  removal  of  the  suture.s — .say  a  week  or  ten  days.     The  tcchnic 
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of  redressiiigs  should  be  conducted  with  the  same  care  as  the  original 
dressing. 

Subcutaneous  Injuries. — Injuries  of   this   character   involving  an 

external  wound  have  already  been  dwelt  upon.  In  tliis  connection  it 
is  intended  to  deal  only  with  the  parts  which  lie  subjacent  to  the  skin, 
and  which  present  an  unbroken  surfacL — that  is  to  say,  contusions.  For 
the  detailed  treatment  of  injuries  to  separate  structures  the  reader  is 
referred  to  the  several  chapters  devoted  to  that  subject. 

The  treatment  of  contusions  will  dcjjend  entirely  upon  the  amount 
of  damage  inflicted.  More  or  less  pain  is  usually  suffered  in  conse- 
quence of  the  involvement  of  sensory  nerve-fibers  in  the  traumatism, 
as  well  as  from  tension  due  to  the  presence  of  hemorrhagic  and  other 
effusions.  For  the  relief  of  the  pain  due  to  the  fir.st-nanied  cause  the 
application  of  a  lotion  containing  opium  is  useful.  If  this  is  combined 
with  a  2},  per  cent,  solution  of  carbolic  acid  in  the  proportion  of  an 
ounce  of  tincture  of  opium  to  a  pint  of  the  acid,  the  tendency  to  sup- 
purative inflammation  arising  from  infection  of  the  devitalized  struct- 
ures through  such  channels  as  the  hair-follicles  will  be  combated,  and 
the  pain  relieved  as  well.  Care  must  be  exercised  in  the  use  of  both 
of  these  agents  in  verj'  young  children  and  old  persons,  for  the  reason 
that  absorption  takes  place  readily  in  the  delicate  integumentary' struct- 
ures of  the  former  and  the  atrophied  skin  of  the  latter,  and  toxic 
symptoms  may  be  produced.  The  old-time  remedy  known  as  tht 
lead-and-opium  lotion,  consisting  of  a  dram  of  lead  acetate,  an  ounct 
of  tincture  of  opium,  and  a  pint  of  water,  apjilied  warm,  is  a  gratefu 
application  in  painful  contusions.  Rest  and  position,  together  wit! 
agreeable  compression,  are  of  service  in  relieving  pain ;  al  the  sami 
time  they  reduce  swelling  and  tend  to  arrest  further  hemorrhage.  Ho' 
or  cold  water,  the  latter  of  ordinary  room -temperature,  or  an  evapora 
ting  lotion  of  ammonium  chlorid  in  alcohol  and  water,  applied  eithe 
warm  or  cold,  as  seems  most  acceptable  to  the  patient,  are  to  be  men 
tioned.  If  necessary,  an  incision  may  be  made,  clots  turned  out,  am 
bleeding  vessels  sought  and  secured.  The  readiness  of  tissues  tha 
are  the  seats  of  a  contusion  to  take  on  suppurative  inflammation  unde 
the  influence  of  mildly  infectious  agents  should  be  remembered,  am 
strict  precautionary  measures  should  be  taken  accordingly. 

If  seen  early,  tiiassagi-  will  be  found  to  shorten  materially  the  perioi 
of  disability  due  to  the  contusion.  It  is  always  indicated  in  those  case 
in  which  there  is  no  injury  to  important  underlying  structures  and  m 
infection.  Massage  may  be  employed  later  in  the  treatment  and  afte 
the  subsidence  of  sensitiveness,  for  the  purpose  of  hastening  the  at 
sorption  of  effusions.  This  measure  of  treatment  is  particularly  valuabl 
in  subcutaneous  injuries  occurring  in  the  neighborhood  of  joints.  Fc 
the  rapid  removal  of  the  discoloration  following  contusion,  gentle  frit 
tion  with  alcohol  and  daily  pencilling  the  part  lightly  with  tincture  o 
iodin  will  be  found  useful.  In  contusion  occurring  in  very  lax  tissue; 
as  in  the  neighborhood  of  the  eye.  aspiration  of  the  effused  fluid  ma 
be  tried,  if  the  condition  is  seen  early.  If  tension  upon  the  cavity-wal 
is  such  as  to  prevent  absorption,  or  if  blood-coagula  fail  to  disappc; 
through  the  natural  processes  of  elimination  occurring  in  connectio 
with  new-tissue  formation  (the  so-called  clot  organization),  they  mu! 
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be  evacuated  through  an  incision.  Tlie  prolonged  presence  of  such 
dois  in  the  subcutaneous  connective  tissue  is  apt  to  lead  finally  to 
suppuration. 

Poisoned   Wounds. — Post-mortem   or  dissection  wounds   may    be 
Ukcn  as  a  t>pc  of  infccled  wounds  which  exhibit  a  tendency  to  special 
virulency.  and  are  generally  considered  as  a  class  by  Ihcmsclvts,    They 
arc  characterized  by  pronounced  local  and  general  infection,  and  are 
of  frequent   occurrence  among  those  employed  in  making  autopsies 
and  in  dissecting-room  students.     Wounds  received  by  the  surgeon  in 
conducting  operations  upon  infected  individuals  may  give  rise  to  the 
same  train  of  symptoms.     By  far  the  greater  number,  however,  are  re- 
ceived in  the  dead-house,  in  which  case  they  are  usually  the  result  of 
the  ex^miination  of  bodies  recently  dead  from  such  infectious  diseases  as 
scplic  peritonitis,  erysipelas,  pyemia,  and  septicemia,  and  give   rise  to 
severe  and   even    dangerous  symptoms.     Comparatively   few   of  these 
accidents  occur  among  dissecting-room  students,  for  the  reason  that  the 
infective  micro-organisms  soon  lose  their  virulency  and  are  replaced  by 
the  bacteria  of  putrefaction.    When  they  do  occur  under  these  circum- 
stances, the  infection  is  usually  followed  by  only  a  very  moderate  local 
naction  and  comparatively  mild  symptoms  of  a  general  character. 

It  is  unlikely  that  the  special  virulency  of  these  cases  depends  upon 
any  one  specific  organism,  but  on  the  contrary,  in  the  majority  of  in- 
sUoces  the  infection  is  a  mixed  one,  streptococci  predominating.  This 
is  particularly  apt  to  be  the  case  in  infectious  processes  occurring  in 
surgeon.*,  hospital  internes,  and  nurses  from  contact  with  certain  cases 
of  cellulitis.  It  is  a  well-known  fact  that  some  individuals  are  more 
susceptible  to  infection  than  others ;  and  further,  that  those  who  are 
more  f>r  less  con.stantly  in  contact  with  infectious  material  acquire  a 
tciUin  degree  of  immunity. 

While  the  commonest  mode  of  entrance  of  the  poison  is  through  a 
»ouni!,  this  latter  need  not  necessarily  be  severe  or  have  been  received 
at  ilie  time  of  tlie  inoculation.  In  fact,  it  is  believed  that  the  infection 
iioftcncr  conveyed  through  pre-existent  abra.'iions.  slight  wounds,  and 
iIk  trifling  fissures  in  the  skin  occurring  at  the  ungual  margins,  and 
faiown  as  "hang-nails,"  than  through  recent  or  severe  wounds.  The 
tasoa  for  this  probably  resides  in  the  fact  that  more  or  less  bleeding 
ind  inability  to  continue  the  work  accomjiany  the  latter,  the  poison 
Eking  thus  removed,  and  prompt  measures  of  disinfection  resorted  to. 
Absorption  of  the  poison  may  occur  also  through  the  sweat-glands  or 
ttfaaccous  glands.  Those  in  ill  health  are  more  susceptible  than  robust 
■(f%-i(Iuals. 

SjmPloms. — The  most  striking  characteristics  of  the  hyperacute 
Q»a  of  poisoned  wounds  are  rapidity  of  development  of  the  local  in- 
fatinas  process,  accompanied  by  scrosuppurativc  inflammation  and 
*liMighmg.  and  the  early  .sufjcrvention  of  symptoms  of  systemic  poi- 
HHUng.  .As  a  rule,  the  severity  of  the  latter  depends  upon  the  degree 
and  tntcnMty  of  the  former.  Occ;isianally.  however,  general  symptoms 
fS  Mofe  4cptic  intoxication,  out  of  all  proportion  to  the  local  conditions, 
ue  observed.  In  the-sc  cases  the  local  signs  are  often  slight.  The 
point  of  entrance  of  the  infection  exhibits  a  slight  edema;  a  small 
TCade  filled  with  scrosanguinolent  fluid  is  sometimes  observed.     As  a 


rule,  there  is.  however,  intense  pain  at  the  scat  of  inoculation.  Early 
collapse  supervenes,  with  rapid  and  feeble  pulse,  elevation  of  tempera- 
ture, jactitation,  subsultus  tendinum,  and  delirium  followed  by  uncon- 
sciousness. Death  may  occur  in  forty-eight  hours.  In  other  cases 
these  symptoms  follow  the  occurrence  of  acute  cellulitis.  This  condi- 
tion is  ushfrt'd  in  by  malaise,  local  pain,  rigors,  and  vomiting.  Swelling 
of  the  parts  in  the  neighborhood  of  the  wound,  with  rapid  sloughing 
of  the  tissues  and  early  formation  of  pus,  occurs.  The  cellulitis  rapidly 
extends  up  llie  arm  to  the  shoulder,  and  may  even  invade  the  soft 
parts  upon  the  chest- wall. 

In  more  commonly  observed  cases,  particularly  in  dissecting-room 
wounds  and  in  those  occurring  in  surgeons  and  their  a.ssistants,  the  in- 
vasion is  of  a  milder  type.     The  wound  becomes  painful,  red,  and  but 
slightly  swollen.     A  papule  or  pustule   develops,  and  there  is  but  little 
to  attract  attention  to  more  remote  parts  until  a  series  of  red  lines  is 
discovered  running  up  the  arm,  marking  the  spread  of  infection  by  the 
lymphatic  vessels.    These  may  sometimes  be  felt  as  knotted  cords,  and 
may  continue  to  be  so  felt  for  a  long  time  following  the  attack.     The 
lymphatic  glands  soon  become  involved.     If  limited  to  the  superficial 
group,  the  glands  in  front  of  the  elbow,  or  those  above   the   internal 
condyle,  are  affected.     If  involvement  of  the  deep  set  occurs,  the  larg< 
glands  in  the  axilla  become  swollen,  painful,  and  tender.    In  either  cast 
suppuration  is  apt  to  follow,  although  it  does  not  necessarily  occur,  thi 
process  rapidly  subsiding.    In  case  glandular  ab.scess  follow,  the  patien 
will  complain  of  chilly  .sensations,  and  a  rise  in  temperature  will  b 
observed.     With  the  opening  and  evacuation  of  the  abscess -cavities  thi 
symptoms   rapidly   disappear.     In    this   class   of  cases   the   lymphati 
glands  interpose  a  barrier  against  general  infection,  acting  in  conjunc 
tion  with  a  high   degree  of  vital   resistance  on   the  part  of  the  indi 
vidual. 

In  another  class  of  cases,  depending  upon  the  virulence  of  the  po 
son  and  the  degree  of  resistance  of  the  injured  person,  the  cellulit 
may  assume  the  character  of  an  ordinary-  phlegmonous  infianmiatioi 
with  brawniness,  excessive  pain,  a  high  degree  of  tension,  and  diffuse 
redness  of  the  surface ;  or  these  symptoms  may  be  replaced  by  simp 
swelling  and  edema. 

The  situation  and  depth  of  the  wound  wil!  govern  to  some  exte: 
the  rapidity  of  development  of,  as  well  as  the  routes  travelled  by.  tl 
infection  and  the  symptoms.  Wounds  penetrating  the  palmar  fasc 
follow  the  sheaths  of  the  flexor  tendons  and  lead  to  suppurative  cc 
lections  above  the  annular  ligament  of  the  wrist.  Wounds  upon  t 
dorsal  aspect  of  the  hand  or  forearm  are  of  far  less  serious  import. 

Treatment. — Prophylaxis  is  of  the  first  importance.  The  hands 
the  postmortemist  should  be  previously  smeared  with  va.selin  or  la 
as  a  preventive  of  infection  through  unobserved  abrasions  or  the  glar 
ular  structures  of  the  skin.  Deeply  .staining  the  hands  with  a  fli 
made  by  adding  to  a  i  :  looo  corrosive-sublimate  solution  sufficii 
potas.sium-permanganate  crj'stals  to  make  a  saturated  solution  of  t 
latter,  as  originally  devised  by  myself  for  the  purpose  of  disinfect! 
the  hands  of  the  operating  surgeon,  may  be  employed  with  advantai 
The  advantage  of  this  method  of  preparing  the  hands  lies  in  the  C 
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Uut  the  affinity  of  the  coloring  matter  of  the  permanganate  for  the 
deeper  structures  of  the  skin  causes  more  decided  penetration  of  the 
Uncr,  both  on  the  part  of  this  agent  and  of  the  mercurial  compound 
The  original  object  in  employing  this  combination  in  the  manner  de- 
scribed was  the  insurance  of  a  more  thorough  disinfection  of  the  deeper 
portions  of  (he  skin,  the  slain  being  permitted  to  remain  during  the 
entire  operation.  It  is  afterward  removed  by  immersing  the  hands  in 
a  warm  saturated  solution  of  oxalic  acid,  after  which  the  latter  is  neu- 
tralized by  fime  water  or  weak  ammonia  water.  It  was  soon  found 
that,  in  addition  to  this  advantage,  the  surgeons,  internes,  and  nurses 
employing  this  method  acquired  an  immunity  against  the  occurrence 
of  so-called  "  pus  fingers  "  never  before  enjoyed. 

No  person  should  engage  in  an  autopsy  who  has  a  palpable  wound 
upon  the  hand.  Hang-naii.s  especially  constitute  a  source  of  danger. 
in  case  a  wound,  even  though  it  be  of  a  slight  nature,  is  received 
during  an  autopsy  or  in  the  course  of  operation  upon  an  infected  sub- 
ject, prompt  measures  are  to  be  taken  to  prevent  serious  conse- 
quences. The  wounded  part  is  to  be  isolated  from  the  general  circu- 
buon  by  the  application  of  a  bandage  above.  This  should  be  suf- 
ficiently tight  to  prevent  the  return  circulation  from  taking  place,  yet 
not  so  tight  as  to  interfere  with  the  blood-supply.  lileeding  is  thus 
encouraged.  The  wound  is  then  washed  in  a  5  per  cent,  carbolic 
solution,  or  a  I  :  1000  sublimate  solution,  after  which  the  wound  is 
!Utl;ed  and  cauterized  with  the  .solid  nitrate-of-silver  stick,  or  swabbed 
wtlh  .1  30  gr.  :  .?j  solution  of  zinc  chlorid.  The  constricting  bandage 
should  now  be  removed  and  a  dressing  of  gauze  wet  with  a  2^  per 
cciL  solution  of  carbolic  acid,  to  which  has  been  added  tincture  of 
opium  in  the  proportion  of  an  ounce  to.  the  pint,  applied.  The  dress- 
ings ihould  be  moistened  occasionally  with  the  same  solution. 

With  the  actual  occurrence  of  infection,  as  shown  by  the  formation 
f{  a  bleb  or  pustule  .it  the  site  of  the  injury,  the  surroundings  should 
k  thoroughly  washed  with  soap  and  warm  water,  disinfected  with  a 
1 :  1000  solution  of  subhmate,  and  the  pustule  opened  or  the  wound 
frwiy  enlarged,  and  curetted.  If  only  a  bkb  is  present  the  cuticle  of 
Aii  is  to  be  trimmed  away  and  the  infected  area  incised  freely.  Moist 
vann  dressings  of  the  carbolic-and-opium  lotion  should  then  be  ap- 
plied. If  a  cellulitis  spread  up  the  arm  the  latter  should  be  sus[>ended 
n  a  hoi  bath  of  1  :  5000  sublimate  solution  for  an  hour  at  a  time,  this 
alternating  with  the  warm  moist  carbolic-and-opium  lotion.  If  the 
area  of  infection  is  large,  or  if  for  any  other  reason  it  is  deemed  inad- 
nuhle  to  employ  a  lotion  freely,  Bijrow's  solution  may  be  used.  This 
enubts  of  5  parts  of  lead  acetate,  25  parts  of  alum,  and  500  parts  of 
water.  A  hot  bath  of  the  latter  may  also  take  the  place  of  the  sub- 
iimatc  bath.  In  placing  the  arm  in  the  bath  a  hammock-like  arrange- 
non  should  be  improvised  to  prevent  constriction  due  to  resting  the 
ami  upon  the  edge  of  the  vessel. 

The  local  conditions  should  be  carefully  watched  and  incisions 
nadc  from  time  to  time,  as  needed,  to  les.sen  tension,  relieve  pain,  and 
ipnexit  to  purulent  material.  The  incisions  should  be  just  deep  and 
ndeosivc  enough  to  effect  this  object ;  if  carried  beyond  this  point, 
encnaion  of  infection  to  deeper  and  more  remote  parts  will  be  apt  to 
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occur.  Infectious  processes  conveyed  along  the  course  of  sloughing 
tendinous  shcalhs  to  distant  and  deeply  placed  areas  require  the  ex- 
cision of  the  sheaths  as  well  as  of  the  tendons  themselves.  While  this 
course  is  always  to  be  deprecated,  leading  as  it  does  to  irreparable  loss 
of  function,  it  is  to  be  preferred  to  the  risks  involved  in  permitting  viru- 
lent infection  to  reach  inaccessible  parts.  Amputation  may  even  be 
required. 

The  general  treatment  consists  of  forced  nourishment,  the  free  use 
of  alcoholic  stimulants,  and  the  administration  of  qiiinin  in  doses  of 
5  or  more  grains,  combined  with  the  tincture  of  the  chlorid  of  iron. 
The  more  threatening  the  .septic  intoxication  the  more  urgently  these 
measures  are  demanded.  Experience  tends  to  encourage  the  use  of 
antistreptococcic  serum  in  these  cases  in  the  same  manner  as  in  septic 
peritonitis,  viz.,  20  c.c.  of  the  Marmorck  serum  injected  in  the  region 
of  the  buttocks,  and  ref>eatcd  in  10  c.c.  doses  every  six  hours  until 
amelioration  of  the  symptoms  is  noted  or  the  ca.se  is  decidedly  a  hope- 
less one.  Diarrhea,  which  is  apt  to  occur,  should  be  held  in  check. 
If  pain  is  excessive  and  not  relieved  by  the  local  applications,  morphin 
is  to  be  employed  hypodermically.  During  convalescence  the  patient 
should  be  carefully  nourished,  and  change  of  air  and  surroundings 
recommended. 

Anatomical  Tubercle. — This  is  a  name  applied  to  a  chronic  thick- 
ening of  isolated  portions  of  the  back  of  the  hand,  over  the  knuckles 
and  metacarpal  bones,  occurring  among  those  who  habitually  handle 
the  dead  bodies  of  either  men  or  animal.s.  It  seems  to  be  particularly 
prone  to  occur  in  these  regions  on  account  of  the  thin  skin  over  the 
latter;  occasionally,  although  very  rarely,  it  has  been  found  upon  the 
forearm,  and  has  been  observed  upon  the  borders  of  the  nails,  as  well 
as  upon  cicatrices  marking  the  site  of  old  post-mortem  wounds.  Ir 
former  times,  on  account  of  its  resemblance  to  lupus,  it  was  known  as 
lupus  anatomicus,  and  recent  investigations  seem  to  show  that  the  con- 
dition is  actually  an  inoculation  of  the  tubercle  bacillus.  There  is  nc 
evidence,  however,  that  generalization  of  the  infection  ever  occurs  frorr 
this  source.  It  is  probable,-  therefore,  that  all  cases  are  not  of  a  specifif 
nature,  but  that  the  majority  of  these  are  the  result  of  constant  contac 
with  putrid  animal  matter. 

The  tubercles  themselves  resemble  common  warts,  and  consist  ol 
papular  growths,  made  up  of  enlargements  of  the  cutaneous  papilla 
occurring  in  circumscribed  limits,  and  forming  small  tender  areas  witi 
uneven  surfaces.  These,  upon  being  irritated,  furnish  a  thin  serum 
which  upon  drj-ing  forms  a  scab.  1  hey  are  covered  with  a  layer  o 
thickened  and  opaque  epidermis  of  a  bluish-red  color.  On  the  border 
of  the  nails  tlie  affection  occurs  as  isolated  nodules.  In  some  instance 
the  disease  takes  the  form  of  an  eczema,  such  as  is  found  upon  th 
knuckles  of  plasterers.  The  course  of  the  affection  is  essentially 
chronic  one,  with  a  tendency  to  recovery  when  the  exciting  cause  i 
removed. 

The  treatment  consists  in  the  removal  of  the  cause,  either  by  pre 
tecting  the  hands  with  rubber  gloves  or  discontinuing  the  work  altc 
gcther.  If  persistent  in  spite  of  these  measures,  the  application  of  tli 
acid  nitrate  of  mercury  or  fuming  nitric  acid  will  accomplish  the 
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removal.  In  case  of  extensive  involvement  of  the  back  of  tlic  hand 
the  parts  should  be  thoroughly  curetted  and  dressed  with  BCirow's 
solution,  or  the  borosalicylic  solution  of  Prof.  Thiersch. 

Modifying  influences  Affecting  Repair — Hygienic  eonditioits  exert 
a  modifying  infiuence  upon  the  healing  of  wOunds.  They  include  the 
relations  which  climatic  and  atmospheric  condition.^,  temperature,  sun- 
light, and  f<.K>d  bear  to  the  general  well-being  of  the  individual.  In 
those  countries  in  which,  from  the  continued  high  tcmjierature.  an  out- 
of-door  hfc  on  the  part  of  the  inhabitanLs  is  necessary,  healing  takes 
place  more  readily  than  among  those  living  where  cold  weather  and 
darnpnc&s  prevail.  Again,  moderately  warm  weather  indirectly  favors 
repair  by  the  necessity  that  exists  for  keeping  the  doors  and  windows 
open,  thus  insuring  a  constant  supply  of  fresh  air,  as  well  as  sunlight. 
XVTth  changing  barometric  conditions  the  mortality  from  injuries  and 
opcrUions  is  said  to  vary  greatly. 

Amitdiag  lo  llewwn'^  obwrvationi,,  bssc<I  upon  u  uudy  of  the  meteorological  records 
»ak  Ac  reconLi  of  the  surgical  service  of  ihc  IVitnsylvania  Ho^pliul  cxIcniJiiig  over  n  period 
if  ibifly  jvarSk  the  lowest  mortality  occurred  wilh  a  ri?^ing  bai\jmetcr.  Tills  wks  nearly 
4iiJlhil  with  a  stationary  barometer,  and  with  a  Tailing  bammvler  it  wa.s  niore  than  doubled. 
TW  Imt  bamoietiical  pressure  bore  a  direct  relation  to  general  infection  from  local  septic 
n»  in   wound.'. 


The  necessitj'  of  a  liberal  supply  of  sunlight  and  fresh  air  cannot  be 
toortrongly  emphasized,  nor  can  the  influence  of  these  upon  nutrition 
be  overestimated,  particularly  under  conditions  in  which  there  is  de- 
BKssion  of  the  vital  powers.  The  processes  of  repair  which  take  place 
■  the  tissues  have  been  likened  to  tho.se  occurring  in  the  growing 
chSd  (Pildier).  The  effects  of  sunlight  and  fresh  air  have  always  been 
■Ulcrs  of  common  observation,  and  mark  an  instinctive  craving  for 
Arac  aids  to  healthy  development  exhibited  by  all  living  creatures. 
Their  presence  reinforces  the  general  powers  of  resistance  on  the  part 
of  the  individual ;  while  their  absence,  particularly  the  absence  of  a  lib- 
cial  supply  of  fresh  air.  not  only  entails  a  lessening  of  this  quahty 
tbcady  possessed  by  the  patient,  but  likewise  leads  to  an  increased 
accmntilation  of  infectious  matters  from  the  bodily  exhalations  of  the 
pobcnt,  of  those  in  attendance  upon  him,  and  of  others  confined  in 
ifcc  5amc  ward.  The  necessity  for  measures  to  provide  fresh  air  to 
tbosc  in  health  emphasizes  the  importance  of  redoubling  these  meas- 
ures in  the  case  of  the  injured. 

Tbe  necessity  for  a  good  supply  of  nourishing  and  easily  digested 
faod  should  be  insisted  upon,  for  in  the  absence  of  it  wounds  do  not 
kal  quickly.  Under  circumstances  of  limited  supply  of  food- material. 
pnticaUriy  if  the  food  is  of  a  coarse  and  unwholesome  character,  and 
p'^*np  badly  cooked  as  well,  the  reparative  process  will  be  arrested, 
«k1  retrogressive  and  degenerative  changes  initiated  and  perpetuated. 
Thed^jc^live  jxiwers  of  the  injured  person  should  be  carefully  studied. 
lod  the  important  influences  of  diet  upon  his  early  re.storatinn  to  health 
Md  mcfulncss  shf>uld  be  thoroughly  appreciated  by  the  surgeon. 

TV  Me-ta!  StaU, — The  importance  of  maintaining  cheerful  sur- 
RMRhtiip  Has  not  mot  with  the  attention  which  it  deserves.  It  is  a 
L  •dtkaown  fact  that  the  wounds  of  those  defeated  in  battle  heal  much 
H     lot  readOy  than  those  of  a  victorious  army.    The  influence  of  the  mind 
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upon  the  body  is  such  that  the  reparative  processes  are  more  or  less 
influenced  by  mental  conditions.  Observations  in  the  wards  of  large 
metropolitan  hospitals  constantly  impress  one  with  these  facts.  Those 
patients  who  have  recently  landed  from  emigrant  ships,  with  no  homes 
established  in  this  countiy,  as  well  as  those  brought  from  lodginf;- 
houses  and  having  neither  home  nor  friends,  heal  slowly,  in  spite  of 
improvement  in  their  bodily  condition  arising  from  proper  hygienic  sur- 
roundings and  better  food.  This  can  be  reasonably  attributed  to  anxiety 
and  fear  as  to  their  future.  On  the  other  hand,  healing  is  undoubtedly 
promoted  by  the  opposite  conditions  of  hope  and  confidence,  as  ex- 
hibited by  those  who  receive  the  visits  of  cheerful  friends  and  look 
forward  to  return  to  their  poor  but  happy  homes. 

Age. — The  iiealing  of  wounds  is  accomplished  with  much  greater 
facility  in  the  young  than  in  those  in  middle  life,  or  the  aged.  This  is 
due,  first,  to  the  fact  that  the  reparative  power  is  greater;  and  second, 
to  the  greater  freedom  from  pre-existing  organic  disease.  As  a  general 
rule,  it  may  be  stated  that  the  healing  power  progressively  diminishes 
after  the  thirtieth  year  of  life.  Large  wound.s  heal  slowly  in  the  aged, 
who  are  apt  to  succumb  to  slight  causes  while  the  reparative  process  is 
in  progress.  On  the  other  hand,  wounds  heal  promptly  in  the  j'oung, 
and  parts  which  in  those  of  more  advanced  age  require  removal  be- 
cause of  an  excessive  crushing  effect,  in  young  patients  regain  thcii 
vitality,  and  finally  their  function,  in  a  most  astonishing  manner,  anc 
that,  apparently,  without  noticeable  drain  upon  the  patient's  v-ital  re- 
sources. 

Constitutional  and  Discasfd  Conditions. — Under  this  head  are  to  b< 
grouped  nutritive  disturbances  due  to  actual  disease,  and  to  genera 
states  of  the  blood  which  do  not  necessarily  constitute  a  recognizabli 
disease.  Marked  anemia,  on  the  one  hand,  and  plethora,  upon  thi 
other;  the  direct  effects  of  starvation  upon  the  tissues,  and  the  result 
of  gluttony;  conditions  arising  from  the  excessive  use  of  alcohoU 
stimulants;  the  exhaustion  from  overwork  and  intellectual  strain — a) 
of  these,  as  well  as  the  effect  upon  bodily  nutrition  of  vicious  habit 
and  such  other  influences  as  tend  to  lower  the  general  vital  resistanc< 
should  be  taken  at  their  full  value  in  estimating  the  prognosis  in  ind 
vidual  cases  of  extensive  wounds. 

The  most  serious  of  the  complications  of  the  general  .system  t 
which  wounds  are  subject  arc  those  ari.sing  from  the  pre-exi.stence  c 
pyemia  and  scplia-iiiin.  The  presence  of  a  local  and  virulent  infcctioi 
such  as  frvsipiias,  adds  a  special  source  of  danger.  Local  suppuratii 
conditions  in  parts  subsequently  subjected  to  accidental  wounds  lead  I 
infection  of  the  latter  as  well  as  to  a  .spread  of  the  original  suppuratio 
Differences  between  accidental  and  operation  wounds  reside  in  the  fa- 
that  the  latter  are  incised  wounds  with  clean-cut  edges,  and  are  plann< 
with  the  view  of  evacuating  collections  of  pus  and  relieving  tensio 
while  the  former  are  usually  of  a  contused  or  lacerated  character.  Tl 
latter  inflict  great  damage  upon  surrounding  structures,  thus  invitit 
spread  of  pre-existing  suppurative  condition-^. 

Certain  diseases  which  give  rise  to  general  defects  of  nutrition  i 
terfere  greatly  with  the  healing  of  wounds,  and  measures  to  comb 
these  should  be  instituted  early.     Among  these  may  be  mentioni 
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tt/Afrtm/osis.  syphilis,  diabetes  mellitus,  and  malaria.    In  the  presence  of 
these  complications  the  surgical   clinician  will    find    ample   opportunity 
of  drawing  upon  his  therapeutic  resources  in  promoting  prompt  heal- 
ing.    Of   still    greater  importance,   btcause   of   greater   difficulties  of 
management,  is  the  presence  of  organic  changes  in   important  organs, 
such  as  the  lungs,  heart,  liver,  and  kidneys.     The  three  last-named  or- 
gans are  frequently  the  subjects  of  interdependent  disease,  and  when  a 
well-defined  pathologic  change  is  discovered  in  the  one.  the  two  others 
should  be  made  the  subject  of  careful   investigation.     The  seriousness 
of  these  organic  diseases,  in  addition  to  the  relation  which   their  stage 
of  advancement  at  the  time  of  the  infliction  of  the  wound  bears  to  the 
healing  of  the  latter,  arises  from  the  fact  that  the  pre-existing  affection 
is  temporarily  at  least,  and  frequently  permanently,  aggravated  by  the 
injur)-.    This  may  be  the  direct  cause  of  death,  and  failure  to  recognize 
iiniipro\-ide  against  such  a  contingency  in  cases  of  personal  assaults 
where  the  wounds  received  are  of  themselves  insufficient  to  cause  death, 
may  lead  to  serious  medico-legal  complications. 
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Certain  chemical  and  physical  effects  occur  as  the  result  of  e.vposure 
of  portions  of  the  body  to  excessive  heat.  To  this  cla.ss  also  belong 
injiine*  caused  by  caustic  substances,  such  as  concentrated  acids  and 
(a«uc  alkalies.  Disturbances  consisting  of  changes  in  the  skin  and 
artulator>*  channels,  and  varying  according  to  the  temperature  and 
length  of  time  of  exposure  of  the  part,  are  observed.  The  inflamma- 
lo^' conditions  present  arc  not  essential,  but  accessory. 

D^freeS  of  Bums. — A  momentary  exposure  to  a  temperature 
SOiiien*hat  below  the  boiling  point  of  water  produces  an  overfilling  of 
tbe  imaller  arteries,  due  to  a  simple  paralysis  of  the  constrictor  muscles 
of  tbcsc.  The  resulting  increased  quantity  of  blood  in  the  parts  occa- 
■ora  the  hyperemia  or  redness  observed  under  these  circumstances. 
This  is  known  as  a  burn  of  the  first  degree. 

Bums  of  the  second  degree  include  those  in  which  blistering  takes 
pbce.  Here  there  is  an  exudation  of  serous  fluid  into  the  tissues,  par- 
licalarly  the  rete  Malpighii.  .V  portion  of  the  epidermal  layer  is  lifted 
iqi^consiiluling  the  covering  of  the  blister. 

Bmtks  of  the  third  degree  are  the  result  of  albuminous  coagulation 
alfccting  the  contents  of  the  vessels  and  the  serous  fluid  and  albumin- 
ows  nbstancc  of  the  tissue-s.  Greater  or  less  areas  are  deprived  of 
nurishmcnt.  and  necrosis  of  tissue  follows.  An  exaggeration  of  this 
decree  constitutes  the  fourth  and  fifth  degrees  of  some  authors,  these 
tamif  bdng  applied  to  cither  charring  of  the  skin  or  of  the  skin  and 
the  mu<^cular  -tructures  as  well. 

Igflammatory  Conditions  Following  Bums. — The  condition 
flf  h)-pcTcmia  which  occurs  in  burns  of  the  first  degree  somewhat  re- 
WiUcs  an  inflammation.  This  hyperemia,  however,  disappears  spon- 
tntaoslv  after  .i  comparatively  short  time.  In  cases,  however,  of 
bwiM  of  the  second  or  third  degree  the  situation  is  vastly  changed, 
opportuniiy  being  afforded  for  the  entrance  and  propagation  of  bac- 
icm.    In  bums  of  the  second  degree,  if  the  vesicles  are  not  disturbed, 
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healing  may  take  place  beneath  the  raised  layer  constituting  the  sur- 
face of  the  blister.     When  these  are  ruptured,  more  or  less  infection 
and  inflammatory  complications   may  follow,  as   a  consequence.     In 
bums  of  the  third  degree  the  infection  lakes  place  from  the  marj^ins  of 
the  burn,  which,  as  a  rule,  are  not  carbonized,  and  not  from  the  area  of 
charred  tissue,  .since  here  the  usual  and  readiest  channels  of  infection 
are  closed.      From  the  margins  of  the  eschar  a  slowly  progressing  sup- 
purative inllammation  goes  on,  the  neighboring  structures  partaking  of 
this   to  a  greater  or  less  extent.     By  means  of  this  suppuration  of 
dtmarcalioii.  as  it  is  called,  the  necrotic  tissue  is  slowly  lifted  up  anc 
separated  from  tlie  living  structures  beneath.     This  suppuration  of  de- 
marcation may  give  place  to  a  phlegmonous  inflammatory  condition 
in  which  case  the  line  of  demarcation  is  not  formed,  but  a  necrosis  of 
inflammatory  origin  may  become  associated  with  that  arising  from   thi 
burn.      In  this  manner  large  areas  of  tissue  sometimes  become  involve! 
in   the  gangrenous  process.     The  suppuration  of  demarcation   is  no 
always  marked.     The  charred   portion   is   not  a  favorable  soil  for  th 
development  of  bacteria,  owing  to  the  fact  of  the  coagulation  of  it 
albuminous  elements.     If  efforts  to  prevent  the  entrance  of  bacteria  s 
the  margins  by  the  early  employment  of  antiseptic  measures  prov 
successful,  the  entire  separation  of  the  necrotic  portion  may  occur  wit 
scarcely  a  trace  of  suppuration.     The  formation  of  new  vessels  go( 
rapidly  forward,  and  the  young  vascular  connective  tissue  crowds  t( 
ward  the  necrotic  tissue.     In   this  way  an  aseptic  granulation-proce; 
replaces  the  suppuration  of  demarcation,  and  a  process  of  eliminatic 
of  the  dead  part  follows.     This  eliminative  process  occasionally  taki 
a  very  long  time,  particularly  in  cases  in  which  bone  is  involved. 
may  demand  artificial  aid.     Following  the  separation  and  removal  < 
the  necrotic  tissue  a  correspondingly  large  granulating  wound  is  pre 
ent.  which  gradually  becomes  covered  in  as  a  skin-defect.     The  cic 
trices  following  burns  are  apt  to  give  rise  to  serious  deformities  as  wi 
as  to  various  disturbances  of  funclion,  such,  for  instance,  as  permane 
flexure  of  the  joints  in  the  extremities,  ectropion  of  the  eyelids,  e 

Constitutional  Symptoms. — In  cases  of  extensive  bums  t 
patient  usually  complains  of  great  pain  in  the  original  part,  althouj 
in  carbonization  of  an  entire  extremity  comparatively  slight  pain  m 
be  felt,  the  burned  area  and  its  neighborhood  being  alnio.st  complett 
anesthetic  in  the  commencement.  The  patient  is  usually  in  a  state 
great  mental  excitement,  is  vcrj'  restless  and  tosses  about  in  bi 
screaming  and  crying  with  combined  fright  and  pain ;  in  other  ca; 
he  lies  in  an  apathetic  state.  In  rapidly  fatal  cases  delirium  and  c( 
vulsive  movements  come  on  early,  with  extremely  rapid  and  thrca 
pulse  and  subnormal  temperature.  Vomiting  and  intense  thirst  ; 
pronounced  symptoms  in  these  cases.  The  urine  is  scanty;  compl 
suppression  may  occur.  The  renal  secretion  is  not  infrequently  n 
dened  from  the  presence  of  hemoglobin.  The  cause  of  the  latter 
the  destruction  of  the  red  blood-corpuscles  which  were  in  the  vesj 
of  the  affected  part  at  the  time  of  burning. 

The  patient  may  rally  from  the  first  shock  and  give  pronii.'^e  of 
covery  for  the  first  icw  days,  only  to  develop  the  above  symptoms 
the  stage  of  inflammatory  reaction.     He  may  perish  within  a  few  ho 
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their  appearance,  or  he  may  linger  on  only  to  succumb  finally  to 
some  of  the  complicating  sequela;.     (See  I'rofjnosis.) 

Prognosis. — In  young  children  burns  of  the  first  degree,  even  if 
of  bitt  limited  extent,  may  prove  fatal.     Still  smaller  areas  of  the  sec- 
ond and  third  degrees  may  also  result  fatally.     The  involvement  of 
brgc  areas  of  the  surface  of  the  body  in  bums  of  the  second  and  third 
degrees  involve  direct  danger  to  life.     In  the  adult,  if  more  than  two- 
thirds  of  the  .surface  is  involved  in  a  burn  of  the  first  degree,  life  is 
usaaily  destroyed;  while  if  one-third  of  the  surface  is  burned  to  the 
xcond   or  third    degree,  death  will   almost   inevitably   result.     The 
locality  of  the  bum  should  be  taken  into  account  in  stating  the  prog- 
niyih.    Bums  about  the  thoracic  and  abdominal  regions  arc  to  be  re- 
gjrdt-d  more  seriously  than   those  of  comparatively  larger  area  or 
^rcaier  severity  elsewhere. 

Death  following  burns  may  result  directly  from  shock.  Reflex 
Qnliac  paralysis  may  be  due  to  over-stimulation  of  the  superficial  sen- 
sor)'nerves.  When,  on  the  other  hand,  reaction  is  established,  con- 
gestion of  internal  organs  is  to  be  feared.  This  may  result  from  vaso- 
motor paresis,  or  from  blood-stasis  due  to  excessive  destruction  of  red 
Uood-coipuscles  and  their  conversion  into  small  globules.  The  sec- 
ondjfy  dajigers  relate  to  prolonged  suppuration,  exhaustion. erysipelas, 
pyemia,  septicemia,  and  tetanu.s.  Scalds  of  the  mouth  and  fauces  may 
be  followed  by  edema  of  the  glottis. 

The  Treatment  of  Bums. — The  local  treatment  of  burns  of  the 
first  degree  is  mainly  directed  to  the  alleviation  of  the  pain.  This  may 
be  accomplished  best  by  dusting  over  the  parts  with  powdered  .starch 
'ST  line  oxid,  enveloping  afterward  in  cotton  wool,  and  elevating,  if  the 
prl  affected  be  a  limb.  If  tiie  pain  is  excessive  it  may  be  allayed  by 
dK  hj-podcrmic  u.se  of  morphin.  The  application  of  an  ice-bag,  or 
lad-w'atcr  compresses  with  ice,  is  useful. 

In  bums  of  the  second  degree  the  extent  and  severity  of  the  re- 
ahiiig  inflammatory  complications  will  be  in  direct  pro|x)rtion  to  the 
mount  of  infection  which  occurs.  Therefore,  uhere  there  is  the 
detest  vesication  the  practitioner  should  bear  in  mind  the  neces-sity 
far  early  aseptic  and  antiseptic  measures.  Blebs  should  be  evacuated, 
■hoi  tense,  through  punctures,  but  the  elevated  epidermis  should  not  be 
tmot'cd.  Cleansing  of  the  burned  area  is  indicated,  followed  by  antiseptic 
irrigation  (l  :  looo  bichlorid  solution,  or  3  per  cent,  carbolic  solution), 
nd  the  application  of  an  antiseptic  powder  dressing,  such  as  iodoform,  ■ 
line  o.xid,  bismuth  subnitrate,  boric  acid,  etc.  The  whole  may  be  cov- 
onJ  with  steriliiicd  non-absorbent  cotton  and  bandaged  with  gauze 
rallcn.  Nitzche's  linsccd-oil  varnish  consists  of  1  part  of  lead  oxid 
dnsotved  in  25  parts  of  boiled  linseed  oil,  to  which  is  added,  while  the 
oil  is  hot,  5  or  10  per  cent,  of  salicylic  acid.  This  is  painted  over  the 
bom  after  the  part  has  been  carefully  di.sinfected.  and  is  covered  by 
CBQon  wool  held  firmly  in  place  by  a  bandage.  Whatever  dressing  is 
nplojrod,  the  s^tme  rule  as  regards  redressing  holds  good  here  as 
rimrhtiit  n^tmcly,  imless  special  indications  exist  demanding  it,  the 
fcwofiwi  redressing  is  done  the  better.  In  extensive  burns  the  per- 
nancnl  warm  hath  may  sometimes  be  employed  with  advantage. 
In  cases  in   which  extensive  and  deeply  bumed  areas  are  present. 
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involving,  for  instance,  a  considerable  portion  of  a  limb,  removal  by 
amputation  will  become  necessaiy.  The  amputation  should  be  per- 
formed ;is  soon  as  possible  after  the  symptoms  of  shock  have  subsided. 
The  removal  of  sloufjhs  is  always  indicated,  and  should  be  practised 
wherever  feasible,  both  in  order  to  get  rid  of  the  putrefying  masses  as 
rapidly  as  possible,  as  well  as  to  obtain  access  to  the  parts  beneath 
for  the  puiposes  of  a  more  thorough  antisepsis.  The  poisonous  nature 
of  many  antiseptics  should  be  borne  in  mind,  and  caution  should  be 
exercised  in  making  applications  to  extensively  denuded  or  large 
granulating  surfaces.  Borosalicylic  solution  (Thiersch's)  for  moist 
dressings,  and  simple  salicylic  gauze  for  dry  dressings,  fulfil  most  of 
the  indications,  and  are  comparatively  safe.  The  covering  of  large 
granulating  surfaces  with  skin  can  be  hastened  by  the  Thiersch 
method  of  skin-transplantation.  This,  as  well  as  the  method  of  trans- 
planting large  skin-flaps  with  pedicles,  constitutes  the  best  methoc 
of  preventing  cicatricial  deformities  resulting  from  contractures  o; 
adhesions.  If  these  have  occurred,  they  should  be  treated  by  excisioi 
of  the  cicatrix  and  closure  of  the  defect  by  one  of  the  above- me ntionei 
methods  of  skin-grafting. 

In  very  extensive  burns  involving  a  large  portion  of  the  body  atten 
tion  to  the  general  condition  is  demanded.  Here  supporting  measure 
and  remedies  designed  to  relieve  pain  form  necessary  adjuvants  to  th 
local  treatment.  Profound  collapse  may  occur,  and  should  be  met  b 
the  administration  of  hot  alcoholic  drinks,  black  coffee,  etc.  Th 
patient  is  to  be  wrapped  in  warm  blankets,  and  morphin  given  hype 
dermically  to  allay  pain  and  restlessness.  Autotransfusion  (enveio] 
ing  the  limbs  in  elastic  bandages  to  drive  more  blood  to  the  hear 
may  be  useful.     Subcutaneous  salt  infusion  has  been  recommended. 

EFFECTS  OP  UGHTMNG. 

Lightning-stroke  is  the  passage  of  an  aerial  current  of  electrici 
through  the  body.  It  may  be  direct,  as,  for  instance,  when  the  boi 
receives  the  direct  electrical  discharge;  or  indirect,  when  air-induc< 
electrical  shock  occurs  in  the  body,  direct  discharge  being  received  1 
some  contiguous  object,  as  a  tree. 

The  accident  occurs  with  greater  frequency  in  sparsely- sett  led  d 
tricts  and  where  there  are  comparatively  few  objects,  such  as  trei 
tall  buildings,  etc.,  which  serve  to  convey  the  electrical  currents  in  t 
atmosphere  to  the  earth  in  divided  portion.^  rather  than  in  an  accum 
lated  discharge.  The  great  majority  of  individuals  affected  are  stru 
while  at  work  in  the  open  fields,  although  it  may  happen  at  sea,  a 
even  to  divers  at  work  beneath  the  water.  The  annual  loss  of  \ 
throughout  the  world  from   lightning-stroke  is  very  great. 

Those  subjected  to  direct  lightning-stroke  perish  almost  imn 
diately.  in  the  vast  majority  of  cases.  Including  all  cases,  both  din 
and  indirect,  72  per  cent,  prove  fatal. 

The  effects  of  lightning  upon  the  organism   differ,  according 
whether  the  purely  electrical  or  the  burning  action  predominates, 
direct  stroke  the  effects  are  sometimes  most  extraordinarj'.     In  ad 
tion  to  the  burning,  which  may  vary  from  a  .simple  drying  of  the  e 
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to  extensive  and  deep  bums,  there  may  be  a  tearing,  lacerating 
action,  which  somctimt-s  produces  the  most  terrible  destruction,  such 
as  the  rupture  of  large  vessels,  and  even  the  complete  severing  of  a 
iiinb  from  the  body.     There  is  also  paralysis  of  respiration  and  circu- 
lation.    In  some  instances  of  indirect  stroke  the  effect  is  similar  to 
ttiat  produced  by  exi>osure  to  the  current  from  a  dynamo.     For  a 
^wn  individual  in  a  normal  condition  of  health  a  definite  amount  of 
electrical   energy,  of  whatever  kind   it  be,  will  produce  fatal   results. 
The  infliction  of  a  violent  electric  shock  upon  the  nerve-centers  gov- 
emmg  respiration  results  in  a  suspension  of  the  latter,  just  as  in  ex- 
trcnic  cerebral  concussion.     In  addition  to  this  the  effect  of  the  elec- 
tricity is  to  contract   the   arteries   and  increase   the   blood-pressure. 
Experiments  made  upon  dogs  seem  to  show  that  the  mere  passage 
'  a  current  sufficient  to  cause  death  does  not  produce  any  anatom- 
disintegration  (Bleile).     Certain  edematous  and  elevated  branching 
linei  iif  a  brownish-red  color  are  sometimes  observed  diverging  in  a 
agag  direction  from  the  point  where  the  current  is  supposed  to  have 
eniercd  the  body,  constituting  the  so-called  lightning-marks  (Fig.  31). 


Fig.  31. — Lighining-marfci. 

Theae,  according  to  Rollet.  are  the  result  of  the  setting  free  of  the 
alomg  matter  from  the  red  blood-corpuscles  in  the  line  of  the  light- 
■n^^troke,  the  coloring  matter  transuding  through  the  walls  of  the 
<c^eb  and  their  branches, 

SfniptOUlS. — When  the  lightning-stroke  is  not  immediately  fatal, 
lie  patient  suffers  all  the  phenomena  of  profound  shock.  Semi-un- 
coosoousncss,  or  even  profound  coma,  may  last  from  a  few  hours  to 
Kteral  days.     Localized  anesthesia,  paralysis,  dysphagia,  disturbances 
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of  vision,  and  other  nervous  phenomena  are  observed.  These,  with 
the  exception  of  the  visual  symptoms,  are  usually  transitory.  Light- 
ning-paralysis is  generally  recovered  from  in  a  few  days  or  weeks,  save 
when  the  paralysis  is  only  indirectly  due  to  the  liglitning-stroke,  the 
direct  cause  being  a  Iiemorrhage  into  the  brain  or  spinal  cord.  The 
first  .stage  of  lightning-paralysis  is  characterized  by  direct  injury  to  the 
nerves  or  muscles ;  in  the  second  stage  there  are  present  the  conditions 
of  a  traumatic  neurosis.  In  ca.ses  which  L-ventitally  prove  fatal,  death 
results  from  cerebral  iicniorrhagic  or  other  effusinn,  from  hemorrhage 
from  ruptured  vessels  elsewhere  than  in  the  brain,  from  the  shock  of 
the  severe  injuries  sustained,  or  from  the  ultimate  effects  of  the  injuries. 
Treatment. — The  con-stitutional  .symptoms,  shock,  etc.,  of  light- 
ning are  to  be  treated  symptomatic  ally.  Such  stimulating  measures 
as  hypodermic  injections  of  strychnin,  small  dose.s  of  morphin,  strong 
coffee,  either  per  os  or  per  rectum,  should  be  employed. 

SHOCK. 

Syncope  and  Collapse. — The  terms  syncope  and  collnpse  repre- 
sent conditions  which,  surgically  considered,  are  generally  more  or  less 
allied.  For  convenience  of  .study,  as  well  as  for  all  practical  purposes, 
syncope,  with  its  fainting,  pallor,  and  temporary  unconsciousness,  may 
be  considered  as  the  first,  and  collapse,  with  its  e.vtreme  impairment  of 
all  the  vital  processes  occurring  as  the  precursor  of  death,  may  be 
considered  as  the  la.st  stage  of  the  condition  known  as  shock.  Tht 
condition  of  syncope  may  be  so  profound,  however,  that  consciousness 
is  not  regained,  the  patient  passing  directly  into  the  stage  of  collapsi 
without  the  occurrence  of  the  intermediate  stage. 

Shock. — Shock  is  a  jxrculiar  stale  of  reflex  depre.ssion  of  the  vita 
functions,  especially  of  the  circulation.     It  is  suddenly  developed,  as  : 
rule,  and  is   due  to  nervous  exhaustion  resulting  from  severe  irrita 
tion  of  the  peripheral  ends  of  sensory  and  sympathetic  nerves  follow 
ing  an  injury.     The  condition  is  essentially  one  of  inhibition  of  nerve 
force   and   reflex   paralysis.     There   is   apparently    exhaustion    of   th 
medulla  oblongata  and  spinal   cord,  followed   by  marked  lowering  o 
the  vital  powers,     Goltz's  experiments  show  that  paralysis  of  the  vase 
motor  centers  in  the  medulla  is  the  essential  feature,  and  that  this  i 
produced  in  a  reflex  manner  by  violent  disturbances  of  the  sensor 
nerves.     Mechanical  irritation  or  stimulation   of  the   sensory  nerv< 
temporarily  lessens   the   activity    of  the   corresponding   nerve-center 
which  become,  according  to  the  extent  of  the  irritation  and  degree  C 
the  reflex,  either  altered,  weakened,  or  paralyzed.     Thevarj'ing  degrei 
of  shock,  therefore,  are  dependent  upon   the  severity  of  the  irritatio 
a.s  well  as  upon  the  length  of  time  which  this  continues  in  existenc 
These  degrees  may  range  from  a  mere  teniporarj'  faintness  from  anem 
of  the  brain,  la.sting  only  a  few  moments  (syncope),  to  a  profound,  co 
tinued,  and  finally  fatal,  suspension  of   fimction  or  vital  depre.ssi( 
(collapse). 

With  diminution  or  paralj-sis  of  the  vascular  tone,  particularly 
the  arteries,  and  the  coincident  weakness  of  the  heart's  action,  t! 
blood  is  unequally  distributed,  and  the  circulatory  balance  is  disturb* 
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The  veins,  particularly  those  of  the  abdomen,  become  overfilled  from 
grav-iiation.  the  right  side  of  the  heart  becomes  gradually  distended, 
ind  the  quantity  of  blood  in  the  arteries  is  correspondingly  lessened. 
.\s  a  result  of  this  the  lungs  and  brain  suffer  from  anemia,  and,  in  the 
event  of  the  condition  persisting,  the  heart's  action  ceases. 

The  conditions  of  pain.  fear,  and  shock,  though  apparently  widely 
i&flcrent.  have  much  in  common.  The  same  pupillary,  respiratory, 
voluntarv"  motor,  cardiomuscular,  nutritive,  and  p.sychica!  phenomena, 
ire  common  to  all  three. 

In  addition  to  the  above  condition,  which  is  spoken  of  as  corporeal 
ihock,  there  is  another  form,  in  which  the  depression  is  due  to  emo- 
Uonal  causes,  and  which  is  known  as  psychic  shock.  Finally,  both 
ffljy  be  combined  in  a  case  of  shock. 

STinptoniS. — These  may  supervene  almost  immediately  upon  the 
reception  of  an  injury,  or  toward  the  close  of  an  operation.  In  the 
Utlcr  case  they  may  either  make  their  first  appearance  upon  the  occur- 
rence of  a  sudden  or  large  loss  of  blood,  or  else  the  symptoms  may 
cwnc  on  insidiously  (delayed  shock).  The  characteristic  symptoms 
arc  pallor  of  the  skin  and  visible  mucous  membranes;  loss  of  facial 
expression;  eyes  dull  and  pupils  dilated,  only  slowly  reacting  to  light ; 
head  bathed  in  a  cold  perspiration;  complete  muscular  relaxation; 
faeUe,  irregular,  and  sighing  respirations ;  delayed,  irregular,  and 
wakened  heart-action;  diminished  sen.sibility.  the  patient  ceasing  to 
complain  of  pain,  and  sometimes  semi-unconsciousness;  coldness  of 
the  expired  breath  and  of  the  surface  of  the  body;  subnormal  body- 
lemperature ;  and  mental  torpor.  Occasionally  nausea  and  vomiting 
»re  observed. 

The  above  symptoms  are  present  in  the  majority  of  cases,  and  con- 
Wtuic  what  is  known  as  the  apathetic  or  torpid  form  of  shock.  The 
mental  torpor  is  sometimes  replaced  by  a  more  active  train  of  symp- 
(oou.  Under  these  circumstances  the  patient  is  excited  and  restless, 
tossing  himself  around  in  the  bed,  and  shrieking  and  crying  nut  in 
maniac^  delirium.  During  all  this  time  he  may  have  a  thready  or 
■Ibkki  imperceptible  pulse,  and  irregular,  shallow  respirations. 

The  pallor  and  coldness  of  the  surface  in  shock  are  due  to  altera- 
tioas  in  nutrition  which  depend,  in  their  turn,  upon  trophic  disturb- 
aacoL  Tlic  arrest  of  tissue-metamorphosis  leads  to  respiratory  disturb- 
nccs,  the  blood,  through  loss  of  its  nourishing  properties,  being  no 
In^cr  capable  of  properly  stimulating  the  respiraton-  centers.  Reflex 
nqrdriiais  is  always  present  in  any  painful  irritation,  and  is  due  to  over- 
simiilalion  of  the  sensitive  nenes.  The  muscular  relaxation,  or  wcak- 
ntsa  of  the  volunlan*  muscular  system,  is  due  to  inhibition  of  the 
Boter  centers  following  peripheral  irritation,  and  is  analogous  to  the 
iriBt  of  the  respirator}'  muscles  on  the  aflected  side  in  pleuropneu- 
DMnu  (UWorskyl.  The  cardiomuscular  symptoms  emphasise  the 
peculiar  and  e^jierial  sensitiveness  of  the  vasomotors.  Va.scular  spasm 
HMon  followed  by  vasomotor  paralysis.  A  fall  of  blood- pressure  and 
dninatinn  of  ihe  number  and  strength  of  the  heart-pulsations  follow. 
The  mental  apathy  is  due  to  the  dcpres.<iion  of  the  psychical,  as  the 
oiW  sj-mptoms  to  that  of  the  physiological,  functions. 

In  the  cases  in  which  the  supposed  shock  comes  on  more  gradu- 
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ally,  the  symptoms  may  really  be  due  to  hemorrhage.  The  condition 
of  dulaycd  .shock  is  said  to  occur  in  cases  in  which  the  patient  was  ex- 
posed to  yrcat  danger,  and  yet  escaped  with  slight  physical  harm.  The 
patient  may  give  a  history  of  being  able  to  move  about  at  first  without 
mucli  difliculty,  the  shock  supervening  insidiously.  Symptoms  due  to 
delayed  shock  arc  rarely,  if  ever,  observed  following  operative  proced- 
ures. They  do,  however,  occur  rather  frequently  following  railroad 
accidents,  and  form  a  basis  for  some  of  the  ca.ses  of  so-called 
traumatic  neuroses  which  often  constitute  part  of  the  contention  in 
suits  to  recover  damages  for  personal  injuries.  In  this  class  of  cases 
there  is  frequently  room  for  suspicion  of  exaggeration,  if  not  of  down- 
right simulation. 

The  condition  of  shock  may  persist  for  from  two  to  twenty-four 
hours.  The  stage  of  reaction  is  announced  by  im])rovement  in  the 
pulse,  both  as  regards  its  rapidity  and  strength,  and  a  more  or  less 
pronounced  rise  in  tem[x.-rature.  Slioiild  the  latter  exceed  the  normal, 
as  it  frequently  does,  it  will  soon  fall  again.  The  formerly  much 
dreaded  "  exces.sive  reaction  "  following  the  shock  of  operation  is  now 
known  to  be  due  to  septic  inflammatory  conditions,  and  is  rarely  en- 
countered, comparatively  sjieaking.  The  recover)',  in  uncomplicated 
cases  of  shock,  is  usually  rapid.  In  the  course  of  a  few  hours  the  im- 
provement is  so  pronounced  that  danger  from  this  source  is  no  longei 
to  be  feared.  Mental  symptoms,  however,  sometimes  persist  for  ; 
longer  or  shorter  time;  though  perfect  recoveiy  takes  place  eventu 
ally. 

In  cases  complicated  with  large  losses  of  blood  and  ."ievere  injurie, 
to  important  parts,  particularly  the  brain,  as  well  as  cases  of  prolongei 
and  severe  operative  procedures  involving  vital  organs,  the  conditioi 
of  shock  may  pass  into  that  of  collapse  and  end  in  death.  Tempera 
ture  observations  should  be  carefully  made.  If  the  fall  of  tempcratur 
following  an  operation  is  but  one  degree  or  less,  recovcrj'  will  probabi 
ensue  ;  if  three  or  more  degrees,  a  fata!  result  may  be  expected. 

Diag;noslS. — As  between  corporeal  and  ps)-chic  shock  the  histor 
of  the  case  will  establish  the  diagnosis.  Shock  from  purely  emotion: 
causes  is  rarely  so  profound  and  prolonged  as  to  involve  danger  to  lir 
Those  more  common  nen'ous  conditions  involving  manifestations  o 
extreme  fright,  as  well  as  tho.se  symptoms  which  occur  from  dangcroi 
chloroform  or  etlier  narcosis  or  which  follow  severe  hcmoirhage,  ai 
to  be  carefully  differentiated  from  true  shock. 

Shock  should  be  carefully  diagnosed  from  fat-embolism.  Its  oi 
currence  immediately  after  the  injury,  as  a  rule,  as  compared  to  "Ct 
period  at  which  the  symptoms  of  fat-embolism  make  their  appearance- 
namely,  from  thirty-six  hours  to  three  days,  will  ser\'e  to  differentia! 
the  two  conditions. 

Treatment  of  Shock. — As  a  routine  measure  for  tlic  preventic 
of  post- operative  shock,  the  patient  should  be  kept  warm  in  bed  fi 
several  hours  before  the  operation.  As  cardiac  stimulants  a  n^-gra 
dose  of  stryclmin  and  3  grains  of  caffein  citrate  should  be  given  hyp 
dermically  an  hour  beforehand,  as  a  part  of  the  routine  of  preparatio 
A  cup  of  hot.  strong  coffee  may  also  be  given  at  tliis  time  with  adva 
tage,  to  prevent  the  depressing  effects  of  the  ether.     Opium   by  t] 
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moiitli,  or.  better  still,  morphin  liypodermically,  is  urged  by  some  as  a 
useful  preliminary  measure  to  fortify  the  ht-art  ami  nervous  system. 
The  oijcra ting- room  should  be  warm,  and  the  operating-table  may  be 
heated  by  hot-water  bottles.  One  of  the  especially  constructed  tables 
designed  to  keep  up  artificial  heat  during  the  operation  may  be  cm- 
plo>-ed. 

Much  may  be  done  in  preventing  shock  by  the  method  of  cnnducting 
the  operation  itself  The  tendency  of  modem  surgery,  with  its  many 
uwl  often  unnecessarily  elaborate  details  of  antiseptic  technic,  is  to 
encourage  the  occurrence  of  shock.  The  employment  of  dry  sterilized 
loH'el.'i  and  sheets  to  isolate  the  field  of  operation  rather  than  those 
ad  with  antiseptic  solutions,  is  to  be  preferred,  in  order  to  prevent  the 
onduc  abstraction  of  heat.  For  the  same  reason  dry  metiiods  of  oper- 
ating, and  the  avoidance  of  irrigation  as  much  as  possible,  should  be 
iiuistcd  upon.  The  trunk  in  particular  is  to  be  protected  against  chilling, 
only  a  sufficient  portion  being  exposed  for  the  purpose  of  the  opera- 
tion. The  lower  extremilies,  when  not  the  object  of  ojx?rative  attack, 
^ould  be  covered  with  warm  stockings  and  drawers  or  bandaged  with 
cotton  wadding  and  flannel  rollers.  Prolonged  exposures  of  such  or- 
gans as  the  brain  or  intestines  will  serve  to  induce  shock.  During  all 
long  operations,  the  employment  of  a  hot  stimulating  enema  (whiskey 
and  water)  b  advisable,  without  waiting  for  the  tievelopment  of  symp- 
toms of  shock.  With  the  perfect  system  of  installation  and  organization 
wbich  marks  the  modern  well-equipped  hospital,  and  that  simplification 
of  operative  technic  which  aims  to  accomplish  the  desired  object  in 
the  shortest  possible  space  of  time,  the  precision  of  the  surgery  of 
til-day  may  be  so  combined  with  the  speed  which  characterized  the 
W^cry  of  tlie  past  generation,  that  post -operative  shock  will  be  as 
nic  an  occurrence  as  post-operative  sepsis. 

If  there  is  especial  reason  to  fear  the  supervention  of  dangerous 
*hi)ck  in  any  given  case  of  contemplated  operation,  the  suggestion  of 
Professor  Stephen  Smith  may  be  followed  of  stimulating  the  patient 
fer  several  hours  beforehand  by  means  of  hot  alcoholic  drinks.  An 
ouacc  of  brandy  or  whiskey  is  to  be  given  in  a  glass  of  hot  milk  ten 
hours  before  the  time  appointed  for  the  operation,  and  repeated  two  or 
tfctec  times  at  intervals  of  two  hours,  unless  symptoms  of  intoxication 
appear.  The  method  of  storing  blood  in  the  e.xtremities  by  the  pre- 
fantiujy  application  of  a  tourniquet,  with  the  view  of  permitting  the 
blood  to  escape  into  the  general  circulation  in  an  emergency  during 
the  operation,  although  of  service  in  cases  of  hemorrhage  and  in  dan- 
K«ous  chloroform  narco!%is,  us  of  doubtful  utility  as  a  preventive  of 
ibock. 

When  ihc  conditions  of  extreme  shock  arc  present  following  an  in- 
JMy.  the  administration  of  an  anesthetic  is  contraindicated.  The  effect 
rf  the  anesthetic  may  be  sufl^cicnt  to  stop  completely  the  pulsations 
rf  an  already  weakened  heart-action.  Whatever  operative  procedure 
B  aboolutely  necessary,  as.  for  instance,  for  arrest  of  hemorrhage,  should 
hccuricd  out  without  an  anesthetic. 

In  Ihe  treatment  of  shock  the  patient  should  be  laid  flat  upon  his 
hck  and  the  entin.'  body  lilted,  head  downward,  to  a  decided  angle. 
Sboakl  vcnou*  congestion  of  the  face  occur  while  Ihe  patient  is  in  this 
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position,  the  latter  may  be  modificci,  or  the  body  placed  upon  a  level  if 
necessary.  Blood  should  be  forced  into  the  more  vital  parts  by  rub- 
biiifj-movenients  in  the  direction  of  the  trunk.  Ury  heat  is  to  be 
applied,  but  caution  should  be  observed  not  to  expose  the  patient  to 
the  danger  of  burns.  Sinapisms  may  be  applied  to  the  extremities; 
but  should  be  used  cautiously,  for  the  reason  that  over-stimulation  of 
the  peripheral -nerve  distribution  may  result  in  increasing  the  shock. 
Cloths  ivruiif;  out  of  hot  mustard  water  may  be  applied  to  the  precor- 
dial region.  If  the  [jalLcnt  can  swallow,  warm  stimulating  drinks  should 
be  given — strong  colfee,  wine,  or  whiskey  and  water,  as  hot  as  can  be 
taken.  If  he  is  unable  to  swallow,  or  there  is  ri.sk  of  the  fluids  passing 
into  the  laryn.N,  these  should  be  given  by  enema.  An  enema  consisting 
of  an  ounce  of  whiskey,  from  3  to  6  grains  of  musk,  and  1 5  or  20  drops 
of  tincture  of  opium,  added  to  a  cup  of  .strong  coffee  and  thrown  into 
the  rectum  is  of  great  value.  In  the  meanwhile,  available  remedies  de- 
signed to  .stimulate  the  heart's  action  and  the  respiratory  centers  are  to 
be  given  hypodermically.  Of  these  the  most  valuable  are  .strychnin 
and  atropin.  The  former  may  be  given  in  -^,  or  even  ^-grain,  and 
the  latter  in  B^j'S^^in  dose.s.  Camphor  dissolved  in  ether  and  extract 
of  calabar  bean  are  also  recommended.  Nitroglycerin  in  y^^pgrain 
doses  hypodermically  and  inhalations  of  amyl  nitrite,  particularly  the 
latter,  are  stated,  upon  theoretical  grounds,  to  aid  in  the  relief  of  the 
vasomotor  spasm  of  the  cerebral  capillaries.  The  dose  of  amyl  nitrile 
by  inhalation  can  scarcely  be  accurately  regulated,  but  a  few  drops  may 
be  placed  upon  the  corner  of  a  napkin  and  inhaled.  If  marked  flush- 
ing of  the  face  occurs  the  remedy  is  said  to  have  accomplished  its 
object.  I  have  never  ob.served  marked  evidences  of  benefit  from  the 
use  of  this  drug.  The  fumes  of  strong  ammonia  are  to  be  employed 
with  caution. 

Tincture  of  digitalis  is  to  be  given  by  the  mouth  in  lo-drop  doses, 
whenever  possible.  The  p.itient  can  usually  take  care  of  it,  if  it  be 
administered  drop  by  drop  upon  the  back  of  the  tongue  and  allowed 
to  trickle  down  the  throat.  In  the  event  of  failure  to  administer  it  in 
this  way,  it  may  be  given  hypodermically,  after  dilution  (1  to  4  parts) 
with  whiskey. 

In  the  employment  of  these  powerful  drugs  the  possibility  of  their 
failure  to  act  for  a  certain  length  of  time,  after  which  a  cumulative 
effect  may  result,  should  be  borne  in  mind  to  the  end  that  caution  be 
exercised  not  to  repeat  the  do.sage  too  often  or  at  too  short  intervals. 
In  this  connection  the  experiments  of  Roger  are  intere.sting.  This 
observer  produced  the  condition  of  shock  in  frogs  by  means  of  tht 
discharge  from  a  Leyden  jar.  and  noted  the  interesting  fact  that  the 
spinal  cord  and  muscular  apparatus  became  insensitive  to  the  stimul 
which  affect  the.se  structures  ordinarily,  as,  for  instance,  strychnin  ir 
the  case  of  the  spinal  cord,  and  ve rat rin  in  that  of  the  muscles,  Eithei 
the  tissues  are  unable  to  react,  which  can  scarcely  be  true  of  the  mus 
cles,  or,  more  probably,  the  .stimulating  agent  does  not  pass  from  th< 
blood  to  the  ti-^sues.  Fiulure  of  absorption  cannot  explain  it.  siiice  thi 
agents  are  found  circulating  with  the  blood.  The.se  ob.servation: 
throw  some  light  upon  the  well-known  fact  that  powerful  stimulatin( 
remedies  frequently  fail  to  act   in  the  presence  of  profound  shock 
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With  the  subsidence  of  the  conditions  which  prevent  them  from  acting, 
ibe  drugs,  after  repeated  administration  of  the  usual  remedial  dose, 
■nay  exert  a  toxic  effect. 

If  death  threatens  from  failure  of  the  respiratory  act,  in  addition  to 
h^'ptKleniiic  injections  of  atropin,  artificial  respiration  may  be  practised. 
In  addition  to  this  the  phrenic  nerve  may  be  subjected  to  faradization, 
one  pole  of  the  induction  coil  being  applied  over  the  phrenic  nerve  at 
the  root  of  the  neck,  and  the  other  at  tht  diaphragm. 

In  cases  of  the  so-called  erethistic  or  restless  type,  in  addition  to 
Ac  employment  of  the  usual  remedial  measures,  the  administration 
oi  morphin  in  J-grain  doses  will  be  of  yreal  value.  Undue  and  sudden 
reaction  is  sometimes  observed  in  this  class  of  cases,  and  should  be 
Ciicfully  guarded  against. 

Silinc  infusion  should  be  reserved  for  cases  in  which  there  has  been 
brge  loss  of  blood.  In  simpler  and  uncomplicated  shock  it  can  only 
add  lo  the  already  great  embarrassment  of  the  circulation.  It  may  be 
of  benefit  when  the  shock  has  lasted  for  .several  hours  and  coagulation 
of  hlood  in  the  pulmonary  vessels  is  to  be  feared,  since  it  will  aid  in 
preventing  this. 

FAT-EMBOLISH. 

During  life  the  fat-globules  of  the  body  represent  a  drop  of  oil  en- 
dosed  in  a  vesicle.  Under  the  circumstances  of  an  extensive  crushing 
in;«r)-  a  certain  amount  of  fat  may  enter  the  circulation  through  veins 
which  are  coincidentiy  injured,  or  by  absorption  of  the  !ymph-chan- 
tkU,  The  fat,  in  the  great  majority  of  cases,  is  the  medullary  sub- 
stance of  a  hone,  which  has  become  broken  up  in  connection  with 
multiptc  fractures,  or  the  crushing  of  a  simple  large  bone.  The  fat 
my  also  be  supplied  by  the  subcutaneous  layer,  the  liver,  brain,  etc. 
Whilcver  the  source,  the  condition  is  almost  always  due  to  traumatism. 
Tbc  instances  in  which  it  has  its  origin  in  inflammatory  or  dcgenera- 
li*c  conditions  are  rare.  Osteomyelitis  is  said  to  produce  it.  Fat- 
mtx)Ii«m  U  more  apt  to  occur  in  injuries  to  bones  for  the  reason  that. 
Dot  only  Is  there  a  large  amount  of  fat  in  the  medulla,  but  large  veins 
vkicfa  do  not  easily  collapse  are  also  present.  Fat-embolism  probably 
oorars  lo  a  greater  or  less  extent  in  every  case  of  fracture,  and  in 
■say  other  traumatisms  as  well — viz.,  lacerations  of  the  soft  parts, 
ttpbat  of  htty  liver,  surgical  operative  procedures,  etc. 

Upon  entering  the  circulation  the  fat  is  first  carried  to  the  lungs, 
•hoc  the  larger  part  of  it  remains.  A  portion  of  the  fat,  however, 
Otty  traverse  the  pulmonaiy  capillaries  and  be  arrested  in  the  brain, 
tile  ipinal  cord,  the  kidneys,  the  muscular  structure  of  the  heart,  and 
Uhcr  organs.  Blocking  of  the  capillary  circulation  in  the  lungs  may 
RMb  from  an  abundance  of  fat  and  from  high  arterial  pressure,  [n 
Ae  case  nf  the  kidneys  the  fat  passes  into  the  capillaries  of  the  glo- 
■enih  and  is  excreted  by  the  urine.  The  fat  may  likewise  be  found 
■a  the  bale.  Small  ecchymotic  hemorrhages  in  the  liver  and  brain  are 
*naetimc9  found  post-mortem.  Occlusion  of  the  blood-vessels  of  the 
■jraeudium  by  the  fat  results  in  a  fatty  degeneration  which  sometimes 
■^  be  drtertcd  m.icroscopically  in  the  shape  of  dull  spots. 

SjBiptoins. —  rhe  symptoms  of  fat-embolism  may  appear  as  early 
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as  ihirty-sijc  hours  after  the  injury  (Park),  or  they  may  be  postponed 

to  the  fifth  day.  The  countenance  is  at  first  pale,  and  the  facial  ex- 
pression an>doas.  The  arrest  of  fat  in  ihL'  pulmonary  circuiation  pro- 
duces dyspnea  and  rapid  breathing,  and  finally  cyanosis.  This  may 
be  associated  with  Cheyne-Stokes  respiration,  with  muscular  twitch- 
ings.  and  paralysis  of  certain  muscles  suggesting  cerebral  edema  as  a 
complication.  Symptoms  of  edema  of  the  lungs  are  present,  and  in 
some  instances  foam  tinged  uith  blood  issue.s  from  the  mouth. 
Hemoptysis  is  only  of  occasional  occurrence.  The  heart's  action  is 
increased  and  becomes  irregular,  and  there  may  be  a  rise  of  temper- 
ature, but  this  is  not  characteristic.  There  is  usually  al  first  mental 
excitement,  but  this  soon  gives  place  to  somnolency,  and,  in  fatal  cases, 
to  coma.     Fat-globules  are  found  in  the  urine. 

Diagnosis. — This   contlition   will   be  suspected  if  the   group  of 
symptoms   described   comes   on  .ifter  any  injur}'  invoKnng  the  bony 
structures,  and  perhaps  in  other  extensive  injuries  as  well.     The  symp- 
toms should  not  be  mistaken  for  shock  following  fracture,  nor  for  pul- 
monary embolism.     The  time  of  the  occiirrence  of  the  symptoms  will 
aid  in  the  differential  diagnosis.     The  shock  following  a  fracture  usually 
develops  within  the  first  three  hours,  and  is  rarely  delayed  beyond  this 
time ;    fat-cmbolisni    may   occur  in    exceptional  instances  as   early  a; 
thirty-six  hours,  but  as  a  rule  it  is  delayed  for  three  days;  pulmonary 
embolism  is  an  occasional  complication  of  fracture  occurring  In  thi 
third   week,  and   depends  upon   the   displacement  of  a  portion  of  ; 
thrombus  following  injury  to  a  vein,  the  loosened  portion  migratinj 
to   the  lung  and  causing  death  by  obstructing  the  pulmonary  arter) 
In  general  terms,  therefore,  the  time  for  the  occurrence  of  these  com 
plicating  sequela:  in  fractures  is,  for  shock  tiiree  hours,  for  fat-embol 
ism  three  days,  and  for  pulmonary  embolism   three  weeks  (Dennis 
Exceptionally,  the  supply  of  fat  may  be  intermittent  and  occur  at  di 
ferent  .stages  of  the  repair  (Heuter-Lossen). 

The  elimination  of  the  fat  by  the  urine  after  being  forced  throng 
the  lungs  and  carried  thence  to  the  kidneys  forms  the  basis  for  th 
most  valuable  diagnostic  point  in  this  condition.  The  fat  is  foun 
floating  upon  the  surface  of  the  urine  in  the  shape  of  oil-like  drop 
In  doubtful  cases  in  which  the  symptom.s  are  cerebral  and  cardii 
rather  than  markedly  pulmonary  in  character,  the  discovery  of  fat 
the  urine  is  positive  evidence  of  fat-embolism.  In  cases  in  which  tl 
classical  symptoms  of  diflicult  respiration  and  embarrassed  heart-actit 
are  present,  the  presence  of  fat  in  the  urine  completes  the  clinic 
picture. 

Prognosis.- — ^Although  fat-embolism  maj'  terminate  fatally,  dea 
from  this  cause  alone  occurs  but  rarely.    Mech.'  however,  has  collect 
15   cases  in  which   every  other  cause  of   death  could  be  exclude 
Experiments  made  upon  animals  show  that  an  amount  of  fat  equal 
three  times  that  contained  in  the  thigh,  slowly  injected,  is  necessary 
produce  death;  injected  rapidly  a  smaller  amount  suffices  (Ribbei 
Death  usually  lakes  place  from   interference  with  the  circulation, 
though  Scriba  asserts  that  the  fatal  result  is  invariably  due  to  chanj 
in  the  central  nervous  .system.    The  cardiac  lesions  found  upon  autof 

'  Ribbert,  of  Zurich ;  Conesjmndcni-blott  fiir  schweiier  Aertie,  Bosd,  Augusi  I,  iS 
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always  associated  with  pulmonary  and  cerebral  conditions  sufficient 
of  Uicmselves  to  cause  death ;  there  is  therefore  no  means  of  deter- 
nuntng  whether  or  not  these  alone  are  competent  to  bring  about  a  fatal 

Treatment. — The  first  Indication  is  absolute  physiological  rest  of 
the  injured  parts,  to  prevent  further  breaking  up  and  dissemination  of 
(it.    This  must  be  secured  at  all  hazards,  forced  mechanical  restraint 
being  employed  if  the  patient's  state  demands  it,  as,  for  instance,  in 
I   conditions  of  delirium,  etc.     The  next  most  important  indication  re- 
lates to  the  stimulation  of  the  heart  s  action,  in  order  that  the  fat  may 
be  forced  from  the  venous  to  the  arterial  system,  where  it  may  undergo 
other  oxygenation  or  saponification  through  the  medium  of  the  alka- 
line constituents  of  the  blood.     The  ordinary  cardiac  stimulants,  such 
M  Jcohol,  digitalis,  and  strychnin,  are  to  be  employed.     In  addition  to 
[best,  inhalations  of  oxygen  may  be  useful  (Park).     Cupping  will  assist 
in  rrlie\ing  the  dyspnea.     The  administration  of  ether  in  the  form  of 
HoiTman's  anodyne,  or  its  use  by  hypodermic  injection,  is  suggested. 
Finally,  in  cases  in  which  there  is  extensive  comminution  of  bone, 
nuking'  it  difficult  to  maintain  the  parts  at  perfect  rest,  continued  disin- 
Itf^liori  and  entrance  of  fat  into  the  circulation  may  constitute  a  vital 
indication  for  amputation. 


THE  REPAIR  OF  SPEOAL  TISSUES. 

The  Skin  and  Subcntaneous  Connective  Tissue.— Contu- 
itoiis. — t_")wing  to  the  great  elasticity  of  the  skin,  force  applied  to  its 
*ur&cc  by  a  blunt  object  may  produce  a  solution  of  continuity  of  the 
KruOuirs  beneath  without  separation  of  the  skin  itself.  These,  as 
»dl  u  crushing  effects,  may  also  lead  to  rupture  of  blood-vessels  and 
Iwnorrhagc  into  the  subcutaneous  connective  tissue  (hematoma).  The 
presence  of  long  elastic  fibers  in  the  subcutaneous  connective  tissue 
■ill  account  for  this  power  of  resistance  to  injury  possessed  by  the  skin. 

The  arrangement  and  extent  of  these  fibers  are  not  the  same  in  all 
portions  of  the  surface  of  the  body,  but  tend  to  follow  the  direction  of 
Hie  muscles  of  a  part.  The  fibers  pursue  a  course  almost  parallel  with 
tbc  limb  in  the  extremities;  upon  the  trunk  they  are  irregularly  dis- 
tributed as  regards  direction ;  while  about  the  mouth  and  eyes  they 
fellow  the  course  of  the  fibers  of  the  orbicular  muscles.  In  the 
pUdlar  region  and  about  the  olecranon  the  elastic  fibers  pass  in  a  con- 
oounc  direction. 

Wonnds  of  the  Skin. — The  manner  in  which  wounds  of  the  skin 
■ill  pipe  will  depend  upon  the  location  of  the  wound  and  the  direction 
in  which  il  divides  ihe  elastic  fibers.  The  maximum  amount  of  gaping 
occors  when  the  wound  is  upon  an  extremity  and  passes  at  right  angles 
f>  the  (fircction  of  these  fibers,  and  the  minimum  amount  when  it 
putes  in  the  same  direction  as  the  elastic  fibers,  so  that  but  few  of  the 
wicru«  divided.  The  proximity  of  the  wound  to  one  of  the  gingly- 
■«!  Of  bingc-likc  joints  will  likewise  govern  the  amount  of  gaping. 
When  in  the  neighborhood  of  the  elbow-  or  knee-joint,  tension  upon 
tile  convex  side  of  the  articulation  will  tend  to  increase  the  separation 
cf  Ihe  MTound-cdgcs.     In  the  sole  of  the  foot  and  palm  of  the  hand 
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the  fibrous  structure  of  the  connective  tissue  is  so  arranged  as  to  form 
a  dense  attachment  between  the  papillary  body  and  the  underlying 
aponeurotic  structures,  and  hence  in  these  regions  wounds  gape  but 
very  slightly. 

Abrasions. — In  abrasions  of  the  skin  involving  but  little  more  than 
the  papillary  layer,  the  reparative  process  takes  place  readily  and  path- 
olog^ical  inflammation  docs  not  occur.  The  injured  layL-r  of  the  rete 
Malpighii  furnishes  a  few  drops  of  blood  and  exudate,  which,  mingling 
together  and  undergoing  coagulation,  cling  to  the  abraded  siiifacc 
Evaporiition  of  the  watery  constituents  leads  to  drying  of  the  mass 
and  a  crust  or  scab  is  formed.  The  underlying  wounded  surface  v. 
thus  protected;  the  mass  itself  in  the  dry  state  presents  no  longe; 
a  favorable  pabulum  for  bacteria,  and  suppuration  is  prevented. 

In  this  method  of  repair,  known  as  /iculing  uiidcr  the  scab,  there  i, 
complete  development  of  the  epidermal  layer  beneath  the  incrustation 
if  the  latter  is  permitted  to  fall  off  of  itself.  It  is  only  possible  in  , 
natural  way  when  there  is  but  a  slight  amount  of  primary-woum 
secretions,  and  in  situations  favorable  to  rapid  desiccation.  More  o 
less  successful  attempts  to  imitate  the  formation  of  the  scab  or  crus 
by  artificial  means  have  been  made  in  wounds  extending  into  the  sub 
cutaneous  connective  tissue  and  involving  blood-vessels  and  lympl 
channels.  Hermetical  sealing  of  the  wound  by  means  of  collodion  c 
similar  substances,  asepsis  having  been  previously  assured  and  tl 
wound-edges  brought  together,  is  often  quite  efficient.  Any  occlusi\ 
method  which  prevents  the  entrance  of  extraneous  matters  and  irrit; 
ting  substances  imitates  the  process  of  healing  under  the  scab. 

Traumatic  Inflammation  of  the  Skin. — The  skin  may  take  on  su| 
purative  inflammation  from  infection  originating  in  the  skin.  The  ii 
flammation,  however,  under  these  circumstances  is  superficial  in  cha 
acter  and  comparatively  harmless,  involving  only  the  rete  Malpigl 
and  papillary  layer.  Rapidly- progressive  suppurative  inflammation  ( 
the  skin  only,  owing  to  the  dense  character  of  the  parts  involved, 
exceedingly  rare  and  almost  impossible. 

Traumatic  Inflammation  of  the  Subcutaneous  Connective  Tissu 
— Phlegmonous  inflammatory  conditions  of  a  very  severe  charact 
are  easily  produced  in  the  subcutaneous  connective  tissue,  owing 
the  arrangement  of  the  elastic  fibers  in  this  situation,  and  to  the  fs 
that  the  lymph-current  runs  in  the  same  direction.  Phlegmonous  i 
flammation  of  the  subcutaneous  connective  tissue,  however,  does  n 
always  have  its  origin  in  a  palpable  wound  involving  this  structu 
Bacteria  of  sufficient  infective  power,  which  have  gained  entrance 
the  rete  Malpighii  by  an  almost  microscopic  breach  of  surface,  may  th( 
find  sufficient  pabulum  for  their  maintenance  so  as  to  reach  the  subcu 
neous  connective  tissue  finally.  Here  they  propagate  rapidly  and  prodi 
their  untoward  effects.  So-called  idiopathic  phlegmonous  inflamn 
tions  arc  to  be  accounted  for  in  this  manner.  The  more  or  less  c( 
slant  coexistence  of  lymphangitis  renders  it  probable  that  the  infecti 
makes  its  way  along  the  lymph-channels.  Triuiiiiatk  frrsipelas. 
erysipelatous  cellulitis,  is  .said  to  be  present  where  the  papillarj'  la; 
and  rete  Malpighii  are  involved  simultaneously  with  the  subcutanet 
connective  tissue  in  the  inflammatory  process. 


THE   REPAIR   OF  SPECIAL    TISSUES. 


I2S 


} 


Loss  of  Substance- — This  may  occur  in  the  skin  either  as  the 
direct  result  of  trauma,  or  indirectly  from  sloughing  following  the  in- 
jury, and  from  the  presence  of  a  \ery  high  grade  of  phlegmonous 
indammation  as  well.  Destructive  lesions  of  the  skin  likewise  follow 
u  an  eifcrct  of  extreme  heat  aitd  cold  (burn  and  frost-bite),  and  from 
ulceration. 

In  the  repair  which  takes  place  the  first  essential  is  the  pro- 
liferation of  healthy  granulations.  By  a  process  of  contraction  these 
suhsequcntly  approximate  to  some  extent  the  margins  of  the  granu- 
Uung  surface.  In  this  way  the  defect  is  partially  corrected  by  the 
neighboring  tissues,  but  these  in  their  turn  arc  so  displaced  as  to  give 
nse  in  some  situations  to  very  serious  deformities. 

In  order  to  complete  the  process  of  repair,  in  addition  to  the 
attempt  at  closure  of  the  defect  by  cicatricial  shrinkage,  the  formation 
o(  an  epidermal  layer  is  needed.  This  formation  may  take  place  rap- 
idlj'or  slowly.  The  resulting  epidermal  formation  when  completed 
nuy  he  a  firm  and  solid  layer,  or  it  may  be  found  to  be  thin  and  defec- 
tive, ft-ith  a  tendency  to  break  down  in  ulceration.  Under  these  latter 
aicumstances  further  aid  may  be  needed.  This  aid  is  furnished  by 
pUitic  procedures,  skin-transplantation,  etc,  (Reverdin,  Thiersch). 

The  Cicatrix. — The  complete  cicatrix  is  designed  to  serve  the  pur- 
poses of  the  normal  structure  which  it  replaces,  although  it  is  never 
idcniicjl  with  these  either  anatomically  or  functionally. 

Rcccntiy-formed  cicatricial  tissue  (Fig.  32)  may  break  down  and 
tike  on  inflammatory  conditions,  particularly  if  aseptic  precautions 


Fic.  33.— I- 


tissur ;  X  670, 


lave  been  neglected  during  the  healing  process.     Abscesses  may  form 

in  Ku-tutsuc  from  the  presence  of  bacteria,  as  well  as  foreign  bodies. 

»och   as   bone-spicular,    or    portions    of    ligature    or    suture-material. 

llccrattve  conditions  in   the  recent  cicatrix    result  from   mechanical 

Oucs,  such  as  friction  from  the  clothing,  and  heal  readily ;  later  on, 

^    kowetCT,  with  lessening  of  the  blood-supply,  they  heal  but  slowly. 

H^      Owing  to  the  unyielding  and  inelastic  character  of  the  cicatrix,  solu- 

^B|HM|f  continuit}'  at  this  site  may  occur  more  readily  than  in  the  soft 

^^^^Mnic  nonnal  structures.     The  presence  of  dense  and  extensive 

"     <ar-feiuc  may  give  rise  to  pain  along  mrve-trunks.  cither  from  in- 

Totvemcnt  of  the  ncrve-shcath  in  the  cicatrix,  from  simple  pressure,  or 

ftoa  tension  consequent  upon  shrinking  of  the  cicatrix, 
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Certain  degenerative  changes  are  observed  to  occur  in  scar-tissue, 
to  which  the  term  licatridal  kdotd  is  given.  This  condition  is  charac- 
terized by  increased  density,  and  by  deep  reddening  due  to  increased 
vascnlarity  of  the  scar-tis.siie,  together  with  growth  into  the  surround- 
ing tissues.  Extirpation,  followed  by  primary  union  and  even  skin- 
grafting  or  transplanting,  does  not  prevent  recurrence.  Electrolysis, 
clastic  pressure,  and  multiple  scarifications  are  recommended,  followed 
after  twenty-four  hours  by  the  application  of  mercurial  ointment  twice 
daily,  the  scarifications  being  repeated  until  the  growth  disappears. 

Degenerative  changes  of  a  malignant  character  are  observed  in  ok 
scar-tissue.  This  consideration  does  not  include  recurrences  of  malig 
nant  growths  in  operation-wounds  following  their  extirpation.  Tru< 
cicatricial  carcinomata  are  divided  into  two  groups:  (i)  Those  whicl 
have  their  origin  in  heretofore  unchanged  and  typical  cicatricial  tissue;  (2 
tlio.se  which  occur  in  cicatricial  tissue,  the  site  of  previously  existing  bu 
benign  ulceration,  such  as  ulcers,  bone-fistula:,  old  urinary  fistula  abou 

the  penis,  dysenteric  and  tu 
bercular  intestinal  ulceratior 
and  parturient  lacerations  o 
the  cervix  uteri.  They  ma 
occur,  also,  upon  the  grant 
latingsurface  of  cicatricial  ti; 
suewhich  has  never  beencoi 
ercd  with  normal  epitheliun 
^  ^-  The  disease  may  develo 

L'    '  '  ■  where   ten.sion    is   exercise 

I  upon  a  scar  to  overcome  c 

'  reduce  deformities  due  to  tl 

™  latter.      It    tends    to    spres 

upon  the  surface,  and,  sa' 
•JL' ,  .■  _.  .      .^r  in  cases  of  extreme  mali| 

nancy,  rarely  passes  into  tl 
depths. 

Tendon.  — The  niann 
of  healing  in  divided  te 
dons  will  vary  according 
the  presence  or  absence  ' 
blood-clot,  as  well  as  a 
^^^  cording  to  the  maintenan 

*^'       "'  .  I^H  or  non-maintenance  of  ase 

tic  conditions.     Usually  si 
ficient    hemorrhage     occi 
from  the  separated  ends 
fill  the  gap  between  with 
_____  .  ^^  firm    cylindrical    clot. 

r^Wiift  Wiv  I   g''o^'th  of  new  tissue  tal' 

place  in  the  tendon-shes 
within  the  first  few  da' 
which  bridges  over  the  sp; 
between  the  retracted  ends,  and  encloses  the  latter  for  some  distai 
beyond  the  point  of  division  (Fig.  33).     This  new  tissue  consist 
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spindle-shaped  cells  whose  long  axis  is  placed  parallel  to  the  tendon. 

)t  has  its  origin  in  the  wall  of  the  sheath,  and  not  in  the  divided  edges 

of  the  tendon  itself.     Absorption  of  the  blood-clot  is  induced  by  lateral 

pressure  of  granulations,  which  form  upon  the  borders  of  the  clot  and 

push  their  way  into  its  interior.     From  the  tenth  to  the  fourteenth  day 

a  rich  network  of  vessels  forms  in  the  new  tissue  communicating  with 

the  vessels  in  the  cut  surfaces  of  the  divided  tendon.     An  anastomosing 

network  of  vessels  also  forms  in  the  granulations  which  surround  the 

blood-clot.     With  the  ab.sorption  of  the  clot  the  provisional  new  tissue 

disappears  and  its  fu.sifurm  cells  dimini.sh  in  number,  being  replaced  by 

another  new  tissue  or  intercellular  substance  which  greatly  resembles 

tendon-tissue. 

When  the  tendon-ends  are  widely  separated  the  tendon-cells  take 
but  little  part  in  the  repair,  comparatively  speaking,  When  the  ends 
are  approximated,  as.  for  instance,  in  tendon-suture,  the  new  tissue  still 
more  closely  resembles  tendon-tissue.  Under  these  circumstances  it  is 
believed  that  the  action  of  these  cells  is  more  pronounced  in  the 
rcgmcrative  process. 

The  process  of  repair  in  tendons  therefore  consists  essentially  of 
a  amnective-tissue  proliferation  originating  in  the  connective-tissue 
CDtcrings  of  the  tendon,  a  portion  of  which  stretches  from  one 
otlremit}-  to  another  after  the  division  of  the  tendon  proper.  This 
bKomes  highly  vascularized,  and  is  then  replaced  by  another  new 
bssuc  which  constitutes  the  definite  splice  that  finally  unites  the  di- 
MiJed  ends. 

Extravasation  of  blood  from  the  divided  vessels  between  the  cut 
ends  of  the  tendon  is  not  essential.  When  it  does  not  take  place,  the 
Wills  of  the  sheath  come  in  contact  and  a  band  is  formed,  uniting  the 
enifaof  the  tendon.  New  tissue  grows  upon  this  band  and  between  its 
■nils,  and  the  same  result  is  attained  as  in  the  case  of  the  interposition 
of  a  blood-cloL  In  fact,  both  excessive  extravasation  of  blood  and 
intUitimator^'  effusion  from  infection  may  be  highly  disadvantageous  to 
IL      Ac  reparative  process. 

H  Muscle. — In  injuries  to  muscle  its  contractility  plays  an  Important 
^L.p|L-^Snaraiion  uf  the  fibers  in  a  transverse  direction  results  in  a 
^r'W'^'flrthe  wound  in  proportion  to  the  extent  of  the  division. 

Following  a  wound  or  rupture  of  a  muscle  the  blood- ve.ssels  pour 
<W  a  mass  of  blood  which  (ills  the  gap  between  the  injured  muscular 
feers.  The  connective  tissue  proliferates  in  the  coagula,  so  that  in  a 
Aoftttme  the  latter  are  absorbed.  With  the  absorption  of  the  blood- 
tfe*.  which,  up  to  this  time  has  sened  as  a  trellis-work  for  the  support 
of  Ihc  new  vessels,  there  remains,  as  a  result  of  the  rapid  connective- 
tSMc  proliferation,  a  mass  which  forms  a  swelling  of  exceptionally 
fine  consutcncc.  the  so-called  miiscU-callus,  or  muscular  cicatrix.  Mus- 
aJar  fibers  in  the  mean  white  are  in  process  of  production,  and  develop 
■I  this  oewly-fonncd  tissue  so  as  to  replace  the  latter,  provided  that 
■Ot  iDon:  than  an  inch  of  space  intervenes  between  the  divided  ends 
<if  the  muscle.  Tlie  basis  or  groundwork  of  the  regenerative  process 
■ttbefibrill.T'  in  the  muscle-fil>er(K6lliker).  In  the  ca.se  of  non-striated 
mKuIar  fiber  the  multiplication  takes  place  by  indirect  or  nuclear 
cdli§vis)an,  or  the  process  known  as  karyokinesis.      In  defects  of 
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unstriped  muscular  fibers  the  regeneration  takes  place  from  the  margins, 
the  center  being  at  first  occupied  by  connective  tissue.  J| 

In  slrialed  musculnr  fiber  the  tirst  cvidenie  o(  ccll-prcyUferjliori  in  the  regenerative  proc- 
ess 15  found  in  the  nuclei  r^f  the  muscle-running  ceLLs,  or  myubia^is,  neari^Ai  the  ^^eal  of  the 
injury  (Tii/oni).  U'ilh  the  increaae  tif  tliese  nuclei  the  new  detnctils  present  mote  or  less 
*if  lite  ligures  characteristic  of  the  karyokinetic  process  (LevemJ.  The  more  se\ercl}'  in- 
jured of  (he  mu:.culnr  fibers  perish  or  undergo  degenerBlive  chunges,  and  are  removed  by 
absorption  within  the  fiisl  few  days,  the  rcgeneralive  process  being  accomplished  in  those 
which  remain  strintcti  [Kiebsj  {i'\%.  J4J. 


Ql 
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Fig.  34. — Repair  of  mu.scic  Ix  350)  -.  a.  nuclei  division  (three  days  after  rupture) ;  i.  mu! 
cle-nuclei  transformed  into  ptnioplnsmic  cells,  ore  nf  ihem  in  the  stage  of  mitotic  division 
c,  giant  cell  containing  a  necrotic  muscle- fragment  (from  h  muscle-scnr  of  twcniy-sis  dayi);  . 
muscle-iibeTs  ending  in  protoplnsma  (from  a  muscle-scar  of  twenty-one  days) ;  t,  dividing  mu' 
cle-fiber  (from  muscle-scar  of  forlv-thrcc  days). 

Certain  preliniinary  and  lemporary  chanijes  ore  observed,  the  principal  feature  of  whic 
IS  the  development  'tf  ^granulation  upon  the  basis  of  cell-division  in  the  perimysium  and  J 
the  endothelia  of  the  small  vessels.  These  granulation.s  disappear,  and  active  prolifcrfltio 
of  mu.scuUr  cells  occurs.  These  cells  in  their  turn  disappear  |  Nauwerck),  and  elongntic 
of  the  remaining  fibers  at  the  seat  of  injury  takes  place.  1  jtter  on,  the  resulting  prolonp 
tions  present  club-slmped  extremities  richly  supplied  with  nuclei.  These  muscular  buds  a 
the  result  uf  new-cell  formation  within  the  sarcolemma  ;  thev  make  their  way  through  Ih 
delicate  structure,  appearing  both  a1  the  diviHeil  ends  anil  vyxm  the  sides  of  the  fibers.  Thi 
are  at  hrst  composeil  of  protoplasm  ;  later  thev  become  transformed  into  striated  fibers.  / 
the  newly-formed  muscular  fibers  grow  from  oyjjH'sitc  sides  of  the  defect  they  invade  tl 
connective- tissue  cicatrix,  become  ttiicker  and  cylindrical,  and  interloce  (NeumannJ.  Tl 
connective- tissue  scar  disappears  more  or  less  completely  according  to  whether  the  defect 
be  filled  in  is  a  laige  or  a  small  one.  In  .small  wounds  the  defect  may  he  filled  entirely  1 
muscular  tissue,  while  in  large  wounds  there  may  be  a  bridging-over  of  the  defect  by  co 
nectivc- tissue  cicatrix  in  which  there  is  only  a  small  pmjKirtion  of  muscular  tissue. 

Nerve. — Following  division  of  a  nerve,  the  first  change  noticed 
a  retraction  of  the  sheath.  Myelin  is  then  spread  over  the  divide 
ends,  and  the  latter  become  united  by  a  gray  tran.sUicent  tissue.  Tl 
distance  to  which  the  cut  ends  finally  retract  governs  the  fiirtb 
changes  which  occur.  For  several  daj'.s  the  distance  between  the  c- 
ends  increa.ses,  owing  to  the  presence  of  some  elastic  fibers  in  the  neiii 
lemma.  With  the  removal  of  a  fourth  of  an  inch  of  a  nerve,  or  tl 
separation  of  the  ends  by  this  distance,  regeneration  cannot  take  plai 


unless  the  ends  are  brought  together  by  artificial  means.  In  the 
tbacncc  of  approximation  of  (he  divided  ends,  the  intervening  space  is 
filled  by  cellular  granulation-tissue  containing  vessels.  This,  in  time, 
(bmis  a  fibrous  connecting  cord,  devoid  of  nerve-tissue,  between  the 
cut  ends  of  tlie  ner\-e.  In  the  meantime  the  ends  of  the  nerves 
undergo  changes,  which  differ,  however,  in  the  two  ends. 

[n  the  central  end  the  fibers  are  comparatively  but  slightly  affected 
(Gliick).  The  myelin  is  rapidly  reduced  to  fine  granules,  which,  later 
on,  assume  a  yellowish-brown  color  on  treatment  with  osmic  acid. 
The  nuclei  multiply,  increase  in  size,  and  become  flattened  against  the 
thuth  of  Schwann.  An  infiltration  of  leukocytes  into  the  nerve-sub- 
suncc  occurs.     The  axis-cylinder  remains  intact. 

The  changes  in  the  peripheral  end  vary  with  the  lapse  of  time  fol- 
!o»ing  the  infliction  of  the  injury.  In  about  fifteen  days  after  the 
injun-  segnicnlation  of  the  myelin  occurs.  The  axis-cylinder  is  almost 
ibwiit  at  this  time.  After  thirty  days  but  a  very  slight  amount  of 
myelin  remains,  and  the  axis-cylinder  is  no  longer  traceable,  while  the 
niKlei  of  the  sheath  are  but  slightly  increased  in  number.  At  the  end 
of  thrtc  months  it  is  no  longer  possible  to  recognize  any  nerve- tubules ; 
the  ncrve-bundles  are  replaced  by  circular  masses  of  tissue  which  have 
die  appearance  of  connective  tissue  with  many  nuclei.  These  proc- 
ewcsof  degeneration  may  cease  at  a  short  di.iitance  from  the  divided 
end.  or  they  may  involve  the  whole  (xjriphery.  They  commence 
ilmost  immediately  after  the  injury,  and  continue  until  the  nerve  has 
undergone  complete  atrophy  (Waller). 

The  central  or  upper  end  of  the  nerve  becomes  bulbous,  particularly 
in  ^tumps  after  amputation.  .These  bulbous  growths  upon  the  end  of 
Ihe  nerve-trunk  were  formerly  supposed  to  be  simply  fibrous  tissue; 
Iwi  it  is  now  known  that  they  contain  ncrve-clemcnts  as  well,  which 
rqiLice  the  altered  distal  portion  of  the  cut  nerve  (Hayem). 

In  severe  cases  of  cini/z/sion  of  nerve  the  changes  arc  similar  to 
thnsc  which  occur  in  divi.sion.  In  cases  less  .severe  there  may  be 
thickening  of  the  neurilemma  at  the  point  of  injury,  caused  by  a  col- 
iKtion  of  round  and  spindle-cells.  This  interferes  with  the  processes 
of  rcgenenition,  and  in  the  course  of  a  few  d,\vs  the  defjencrative 
danf^  of  Waller  set  in,  in  which  both  the  medullar}'  substance  and 
Hie  axis-cylinder  arc  apparently  implicated  (TJllaux).  and  during  which 
)  tcmporar}'.  althouj^h  for  the  time  being  complete,  paralysis  occurs. 
Innildcr  Gises  the  axis-cylinder  remains  intact  and  degeneration  docs 
aot  occur  ( Eib). 

TbMii  well  rifinptiiirtl  in  ihc  «o  ca!!rd  "  Saluriiiiyiif:hr  pnralysis,"  in  which,  in  the 
^Hv  uCvdrinoch.  ihr  furicnr  full'  n-U-rp  in  a  chair  wrlh  his  arm  han^ng  over  iu  back  in 
*ik  •  ^umcT  u  lu  ciiiv  piir-lungeil  picv^irc  ugKin  ilie  aiil!;in'  rirrvcv.  Here  (here  'f>  a 
tf0i  hi— II ill  ij. I  iiilii  ihe  thmih,  ami  a  few  nhen  may  he  scpamled,  .\  large  pmpiirtinn 
4l4v  AAvfadficr^.  h<iw?vrT,  arr  iim^hoiiical.  nihl  Amply  tnvoJvc  displacement  of  Ihtf  ^mi- 

kdaMcnttcrf  At  lubnlajWcir  Mitchell). 

Bone. — Tlie  reparative  process  in  subcutaneous  injuries  to  bone 
OOMsstf  in,  first.  re,snri>tinn  of  effused  fluid  and  destroyed  tissue,  and 
■ccmd,  the  formation  of  callus. 

CMns  is  formed  principally  by  the  periosteum  and  medullary  tissue, 
tie  fefmcr  pUj'ing  tlie  most  important  part  in  its  production.     The 
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torn  periosteum  becomes  reunited  and  a  ring  of  new-formation  tissue 
develops  at  tlie  site  of  the  fracture,  constituting  the  so-calied  frin-isioiia/ 
callus  of  Dupiiytrcn.  The  provisional  callus  is  formed  by  the  inner- 
most or  osteogenctic  layer  of  the  periosteum  (Oilier).  During  the  first 
few  days  calcium  salts  arc  deposited  between  the  ends  of  the  frag- 
ments. While  the  provisional  callus  is  undergoing  the  process  of  for- 
miitiiin  the  medullary  substance  forms  the  dcfinitf  callus  of  Cruveilhier. 
While  the  terms  "  provisional  "  and  "  definite  "  callus  are  still  retained 
in  descriptions  of  the  reparative  process  in  bone,  yet  they  are  not 
exact,  for  although  the  outer  ring  is  formed  earlier  than  the  connecting 
dowel  from  the  medullary  substance,  both  alike  contribute  to  the 
final  or  definite  repair. 

The  Haversian  canals  likewise  take  part  in  the  reparative  process, 
as  do  also  the  cortical  lamella.',  to  some  extent.  The  ossific  process 
commences  in  the  newly-formed  tissue  between  the  fragments.  The 
latter,  together  with  the  new-formation  tissue  furnished  by  the  perio.s- 
teum  and  medullary  structure,  becomes  solidified  in  a  mass,  with  the 
result  of  complete  formation  of  the  callus.  The  reparative  process  ir 
man  occupies  a  length  of  time  varying  from  three  weeks  to  as  many 
months. 

With  the  completion  of  the  reparative  process  there  occurs  ; 
gradual  restoration  of  the  callus  to  the  condition  of  true  bone  (Fig.  35) 
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FH!r  35. — ITnion  of  bone  in  rabbit.     Three  wpcfcs. 

This  is  known  as  reformation  of  the  callus  (Losscn),  and  occupies 
year  or  more.  It  consists  of  the  production  of  systems  of  rcguli 
lamelliE  and  the  replacing  of  the  dowel  which  divided  the  medullai 
cavity  of  the  bone  into  two  portions,  by  true  medullary  substance.  I 
fractures  involving  the  articular  extremities  of  bones,  the  medulla' 
callus  is  finally  converted  into  true  cancellous  tissue.  So  closely  do 
the  reparative  process  follow  the  original  formation  that,  in  fractures  1 
the  neck  of  the  femur  the  reformed  callus  follows  the  lines  best  calc 
lated  to  bear  the  weight  of  the  body,  as  in  the  normal  state. 

The  histological  process  involved  in  the  formation  of  callus  and 
final  regeneration  to  normal  bone,  consisting  as  it  does  of  cell-iiijillt 
tion,  uc^v-fM-iiialion  of  vessels,  and  condensation  of  nnvlyfonncd  tiss. 
is  analogous  to  processes  of  repair  in  soft  parts  when  union  by  fi 
intention  is  obtained.  The  newly-formed  tissue  is  the  result  of  t 
proliferation  of  existing  osteobla.sts  (Fig.  36).  The  traumatic  irritati 
has  reduced  the  bone  to  a  condition  analogous  to  or  identical  w 
young  bone,  as  shown  by  the  fact  that  very  frequently  cartilagine 
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tmue  U  found  in  the  newly-formed  periosteal  callus.  The  manner  in 
which  the  newly-formed  tissues  appropriate  the  sails  necessary  for  their 
proper  construction  is  as  yet  unexplained. 

A  curious  incident  in  connection  with  the  formation  of  callus  is  the 
bet  that,  under  the  influence  of  irritation,  as,  for  instance,  that  which 
occurs  when  extreme  displacement  or  defective  fixation  of  the  frag- 
ments is  present,  the  neighboring  structures  become  the  seat  of  deposits 
of  callus.     Tendinous,  muscular,  and  synovial  callus  develops  in  this 


nc  j&. — Mvfluc'-ni.uj  rt-i'iir  r.i  i,.iri. 
bcnn  al  ihc  libula  {ourltcn  ddVi  olil  -  •^  i 
Wui  oteiiihLasu  .  d^  groups  of  o^tenbla^U .  . 


S{)«cimen  from  The  inlcrior  callus  or  a 
[he  rticdullii  \  b.  rtd  marrow  ;  t,  di^semj- 
.  nimiion  ct(  bone-subitancc .  /.  bone-fibers 


I  ol  fornuiion;  g,  layer  of  osleolilasls  surrounding  Dewly-formed  bone-fibers,-  i,  blood- 
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mtner.  These  callus-masses  take  no  part  either  in  the  temporary  or 
pcnnanent  fixation  of  the  fragments,  and  hence  they  are  known  as 
aftrJbuMU  callus. 

In  like  manner  excessive  callus  may  be  formed.  In  this  condition 
n  anxiunt  of  reparative  material,  considerably  in  excess  of  the  require- 
ments of  repair,  is  developed  at  the  site  of  fracture.  Like  superfluous 
altus.  it  results  from  mechanical  irritation  due  to  improper  coaptation 
«  insufficient  fixation  of  the  fragments.  In  the  case  of  transverse 
ftacturc  the  excessive  callus  is  formed  principally  from  the  osteogenetic 
bycrof  the  (jeriosleuni.  Under  these  circumstances  the  circumference 
fif  tbc  bone  may  be  two  or  three  times  greater  than  the  normal.  This 
i»  in  part  due  to  the  displaced  fragments,  and  in  part  to  the  demand  for 
khr^O  mass  of  rejMrativc  material  to  bridge  over  tlic  lateral  surfaces. 
TV  bttcr  is  particularly  the  case  in  fractures  of  the  lower  extremities, 
vfacir  the  callus  assists  in  supporting  the  weight  of  the  body  upon  the 
BXQpletion  of  the  process  of  repair.  In  fractures  with  considerable 
tongitudina]  separation  of  ihc  fragments  the  gap  between  the  latter  is 
Bed  by  an  excessive  amount  of  callus  which  at  first  develops.  In 
obliqac  fractures  with  overriding  fragment'^  the  excessive  callus  is 
pnxfuced  b<iih  by  the  medullar)-  sul>stance  and  by  the  |X'riosteum. 

Cartilage. — (iwing  to  its  non-vascular  structure,  as  well  as  to 
ib«cncc  i>f  clLinncIs  for  plasma-circulation  and  the  consequent  limited 
■utriliirc  nupply,  the  reparative  capacity  of  cartilage  is  verj'  low.  In 
Rcdfem'*  studies  of  experimental  wounds  in  articular  cartilage  the 
wound  was   found  to  be  unchanged  after   twenty-nine  days  in  one 
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instance.  In  cases  of  incised  wounds  of  cartilage  experimentally  made 
upon  dogs  by  Geiss,  when  but  slight  traumatism  was  inflicted  and 
aseptic  conditions  were  maintained,  it  was  found  that  the  wounds 
refused  to  heal ;  wiiile,  on  the  other  hand,  wounds  made  in  the  pres- 
ence of  micro-organisms  underwent  rapid  repair. 

Following  fracture  of  cartilage  covered  by  perichondrium,  regressive 
changes  take  place  at  the  seat  of  injury,  the  broken  end.s  undergoing 
fatty  degeneration.  The  reparative  process  is  initiated  at  a  short  di.s- 
taiice  from   the   line  of  separation  (Fig.   ly).      Vascularisation  takes 
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Tia.  37. — Repair  of  cartilasc  covereil  by  perichoniinum  (X  ico)  (after  Zieglerl,  Specimen 
allrr  s  fraclure  of  five  days  .1.  cellular  pla-<iic  tissue :  6,  carl liage- tissue ;  i,  prolifcraling  crllf 
from  the  perichondrium  ;  •/,  cartilage-cells  ;  if.  it'',  nuclear  division  of  carlilage-cells ;  c.  malrii 
of  the  plastic  lissup:  /  matrix  o[  cartilage;  ^.  capsule  o(  cartilnge-cells  ;  A,  proliternling  cndo- 
(helia  of  a  blood-vessel. 

place  from  the  marginal  vessels  of  the  perichondrium,  and  a  connective- 
tissue  proHfenition  fills  the  space.  The  repair  takes  place  almost  eX' 
clusively  through  the  perichondrium  (Gussenbauer). 

The  ttssue-proli  feral  ion  resulting  from  the  division  and  developineiil  of  the  cells  of  ihi 
slTAictiire  \i  followed  by  the  formation  of  a  fibrrms  cBrlilaginous  tis.'iue  which  undergo* 
changes  loward  BSiificalion.  It  is  highly  pr>ibablc  that  the  carlilage-cells  take  buL  little,  il 
any,  part  in  the  reparative  process  although  Keitz  lU'iugbt  he  had  Imced  the  formolion  o: 
connective  tissue  from  cartilage-cells,  the  latter  being  first  transformed  into  spin<lle-ce11s.  am 
then  into  connective  tissue.  His  experiments  were  made  upon  ihe  cartilage  of  the  trache 
of  ihe  rabbit,  while  Redfcrn's  werv  made  upon  articular  cartilage ;  it  was  to  this  thai  Reil 
ttllributed  Ihe  discrepancy  in  the  results.  L'oemcr's  studies  upim  the  manner  of  repair  o 
inciseil  woimds,  as  well  as  mure  complicnlcd  injuries  of  cartilage,  conhrtned  the  observniioc 
of  Kedfem  and  (Iiissenbauer  Ihal  llie  perichondrium  is  invariably  found  to  take  the  moi 
active  part  in  the  process  of  healing. 

In  case  of  injury  to,  or  loss  of  substance  of,  the  cartilage  of  joinb 
which  is  not  furnished  with  perichondrium,  a  fibrous  connective-tissu 
cicatrix  develops,  which  in  the  course  of  time  is  changed  into  hyalin 
cartilage-tissue  (Tizzoni).  On  the  other  hand,  it  is  believed  that  d< 
fects  of  joint-cartilage  arising  from  a  trauma  undergo  only  partial  repai 
the  cartilage-cells  possessing  but  low  vegetative  power.  Whatevt 
tissue-proliferation  occurs  is  transformed  into  connective  ti.ssue. 

When  portions  of  Joint-cartilage  have  been  completely  separate 
they  do  not  become  reattached  to  the  joint-surfaces  either  at  tt 
original  point  of  attachment  or  elsewhere.  They  either  become  fr. 
floating  bodies  in  the  joint,  or  are  encapsulated  or  attached  by  a  ne 
connective-tissue  covering  which  springs  from  the  inner  surface  of  tl 
capsule. 
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Arteries. — The  blood-vessels  are  composed  of  unstriped  muscular 
fibers,  clastic  tissue,  connective  tissue,  and  endothelium.  It  l)as  been 
customary'  to  distinguish  three  coats,  and  to  designate  these,  according 
to  their  JDcation,  as  the  internal,  or  intima;  the  middle,  or  media;  and 
the  external,  or  adventiiia. 

The  iMtima  is  a  delicate,  elastic,  and  transparent  membrane,  com- 
posed, in  the  case  of  the  larger  arteries,  of  a  layer  of  flat  endothelial 
cells,  a  delicate  layer  of  longitudinally-arranged  connective  tissue,  and 
elasbc  tissue.     The  endothelial  ceils  arc  irregularly  polygonal  in  shape 
and  have  an  oval  nucleus.     Sometimes  the  outer  surface  of  the  base- 
iDtm -membrane  of  the  inlima  is  covered  by  a  layer  of  polyhedral  cells, 
the  so-called  epithelioid  cells  (Czerny).     In  larger  arteries  there  is  an 
additiona]  connective-tissue  membrane,  which  in  the  adult  is  distinctly 
fibrillaled  (the  striated  internal  coat  of  Koliiker). 

The  media  is  composed  of  unstriped  muscular  fibers,  elastic  and 
connective  tissues.  In  small  and  medium-sized  vessels  the  propor- 
tionate amount  of  muscular  tissue  is  greatest,  while  in  latter  arterial 
trunks  the  clastic  tissue  preponderates.  The  muscular  fibers  are  of 
the  smooth  nucleated  variety,  and  are  arranged  in  a  circular  manner. 
In  Ibc  larger  vessels  there  is  a  lonj^tudinal  muscular  layer  as  well 
(Kirddcben),  While  the  circular  direction  of  the  muscular  fibers  is 
nuiriuincd  in  a  general  way,  in  addition  to  the  longitudinal  layer  Just 
■nentioned,  there  are  some  which  have  an  oblique  direction.  These 
pTEVpnt  complete  separation  of  the  middle  coat  when  a  round  ligature 
I' tigliily  applied  to  the  vessel.  The  ela.stic  ti.-isue  of  the  middle  coat 
Btfisposed  in  three  layers.  One  is  Imposed  between  this  coat  and  the 
intima,  another  Is  connected  with  the  external  coat,  while  a  third  is 
mnged  so  as  to  fill  the  interspaces  between  the  muscular  layers 
•hich  lie  between  the  two  elastic  layers  already  described.  The  elas- 
lie  fibers  correspond  in  direction  to  the  muscular  fibers.  It  was  for- 
meily  the  general  belief  that  the  middle  coat  of  an  artery  was  not 
regnicratcd  or  reproduced  when  injured  or  destroyed,  but  that  only  a 
Kpnativc  process  occurred,  which  took  place  by  the  formation  of  a 
sn^  connective -tissue  cicatrix.  This  view  is  opposed  bj'  Warren 
{til.-  infra). 

The  advmtilia.  or  external  coat,  is  composed  of  closely-wo^-en 
boodles  of  connective  tissue,  together  with  more  or  less  elastic  tissue 
Jirangcd  in  layers.  The  principal  function  of  the  external  coat  Is  to 
sen*  as  a  support  for  the  nutrient  vessels  of  the  arterial  wall  itself 
ttfae  vasa  ^-asorum).  which  rarely  spring  from  the  vessel  that  they 
npply,  but  are  derived  from  neighborijig  arterioles  (Flint). 
~  T\tc  processes  of  repair  in  blood-vessels  have  been  studied  more 
ffctJi  completely  by  almost  ever}-  experimental  pathologist  since  the 
ibys  of  John  Hunter,  who  first  enunciated  the  theory  of  the  organiza- 
tioo  of  ihe  thrombus  as  a  necessary  part  of  the  reiwrative  process. 
The  history  of  the  study  of  the  behavior  of  vessels  after  injury  is  the 
Unor}'  of  the  evolution  of  the  theory  of  cell-action  and  the  part  which 
it  pile's  in  t(ic  building  up  of  new-formation  ti.ssue  in  all  the  structures 
of  tittr  body,  since,  in  the  injured  vessel,  can  be  studied  the  action  of 
tie  cilorless  blood-corpuscles,  the  wandering  cells,  the  fixed  connec- 
tive^tissue  corpuscles,  and  the  endothelium. 


Contusions  produce  more  or  less  tearing  of  the  smaller  vessels, 
both  artL-rics  and  veins,  in  the  subcutaneous  connective  tissue.     As  the 
blood  escapes  into  the  meshes    of  the  latter,  it  coagulates  and  form^ 
what  k  known   as  a  hematoma.  ■ 

Contu.sion  of  an  artery  is  sometimes  occasioned  by  a  bullet  or  othe? 
missile  striking  it  and  glancing  off.  The  injurj'  to  the  tissue  of  the 
vessel  may  be  so  great  as  to  cause  final  rupture  of  the  vessel.  In 
other  cases  the  supposed  contu.sion  proves  to  be  really  a  partial  rupt- 
ure of  the  artery,  a  portion  of  the  intima  giving  way  and  curUng  up 
so  as  to  cause  occlusion  more  or  less  permanent  at  this  point. 

When  the  trunk  of  a  large  artery  is  wounded,  in  addition  to  the 
blood  uhich  escapes  from  the  intt-rior  of  the  vessel,  there  is  a  hemor- 
rhage from  the  wounded  nutrient  vessels  which  are  severed  in  the 
advcntitia.  The  blood  from  this  wound  in  the  ve.ssel-wall  coagulates, 
arresting  the  bleeding.  The  coagulum  thus  formed  extends  in  the 
interior  for  varying  distances.  Under  these  circumstances,  unless 
there  is  an  external  wound,  a  large  and  tense  hematoma  is  found  out- 
side the  vessel.  This  hematoma,  together  with  the  coagulum  in  the 
wound  in  the  vessel-wall,  as  well  as  that  portion  of  it  which  extends 
within  the  vessel,  usually  forms  one  solid  nia.ss  of  blood-clot.  The 
process  of  repair  now  begin.s.  Absorption  of  the  blood-clot  occurs, 
and  as  this  proceeds  that  portion  of  the  mass  which  .sealed  the  wound 
in  the  vessel-wall  is  replaced  by  glandular  tissue.  Finally  a  cicatrix 
of  connective-tissue  origin  replaces  the  normal  structure.  This  forms 
a  weak  point  which,  when  subjected  to  arterial  pressure,  is  gradually 
forced  in  an  outward  direction  until  an  aneurysmal  sac  is  formed. 

When  an  artery  is  completely  severed,  subjected  to  torsion,  or 
ligated,  permanent  obliteration  of  the  vessel  usually  follows,  either 
through  natural  or  artificial  means.  This  takes  place  by  the  forma- 
tion of  an  intravascular  cicatrix.  The  basis  of  the  reparative  process 
is  a  thrombus  within  the  vessel  itself  This,  however,  only  plays  a 
passive  role,  the  repair  proper  being  invariably  effected  by  cell-prolif- 
eration from  the  vessel-wall.  This  is  in  opposition  to  the  view  for- 
merly held,  that  the  thrombus  became  vascular  either  from  the 
nutrient  ves.sels  of  the  adventitia  or  from  the  lumen  of  the  vessel 
itself,  and  that  the  intravascular  cicatrix  was  built  up  from  the  histo- 
logical elements  of  the  thrombus.  One  of  the  most  potent  arguments 
against  this  doctrine  is  the  fact  that  coagulation  of  the  blood  occasion- 
ally fails  to  take  place,  and  that  primary  union  of  the  inner  wall  occurs 
without  the  formation  of  a  thrombus.  Further,  there  is  no  more 
reason  to  expect  that  the  morphological  elements  of  a  thrombus  will 
initiate  and  carry  on  tissue-proliferation  than  that  they  will  produce 
blood-extravasations  elsewhere.  On  the  contrarj-,  it  is  a  generallj 
recognized  fact  that  these  latter  invariably  undergo  retrograde  meta- 
morphosis. 

When  an  artery  is  tightly  constricted  or  subjected  to  torsion,  the  cur- 
rent of  blood  is  permanently  arrested.  The  innermost  coat,  and  to  somi 
extent  the  middle  coat,  gives  way.  The  adventitia,  or  outermost  coat 
remains  intact,  and,  in  case  of  ligature,  is  constricted  into  a  narrov 
circle.  The  internal  and  middle  coats,  mainly  from  their  elasticity 
retract  and   curve   upon  themselves,  as    division   takes  place.     Tw( 
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thrombi  Tonn.  one  above  and  the  other  below  the  point  of  constric- 
tioit    The  former  is  usually  the  larger  of  the  two. 

It  was  formerly  supposed  th.it  the  mere  arrest  of  the  blood  at  the 
point  of  obstruction  was  sufficient  to  cause  its  coagulation.  Alex. 
Schmidt  has  shown,  however,  that  a  third  body,  having  its  origin  in 
the  so-called  blood-plaques,  the  di.stntegraticin  of  which  gives  ri.se  to  a 
fcnnciit,  is  nvccssar>'.  The  coats  of  the  artery  being  ruptured,  the  dis- 
mtcgralion  of  the  cells  containing  the  fibrin -ferment  is  intliated,  and 
ferin  is  deposited  upon  the  recurved  tunics.  In  the  event  of  failure  of 
Kogubtion.  the  two  opposing  surfaces  may  cohere  by  multiplication 
of  lie  endothelial  cells  (Riedel).  When  the  clot  is  formed,  which  may 
occur  in  an  hour  and  is  rarely  delayed  beyond  si.t  hours,  it  not  infre- 
qunilly  passes  into  the  collateral  branches  (Ballance  and  Edmunds). 
Ccugulation  takes  place  likewise  when  the  tunics  are  injured  sufficiently 
to  prevent  the  blood-current  from  continuing  its  course  (Michael 
Foiter),  A  profound  alteration  of  the  nutrition  now  takes  place.  The 
I'ujvasorum  become  blocked  and  a  plastic  effusion  ensues.  The  loop 
cJihe  ligature  is  buried  in  the  effusion.  The  opposed  endothelial  suf- 
fices proliferate  and  adhesions  form  between  them.  This  effusion 
occurs  more  rapidly  when  the  coats  are  ruptured.  In  the  course  of 
the  first  two  days  granulation-tissue  forms  about  the  point  of  ligature, 
iswell  as  for  some  distance  above  and  below  the  point  of  the  latter. 
The  inflammator}'  product  varies  in  amount,  being  governed  by  tlie 
pwJc  of  the  traumatism  inflicted,  as  well  as  by  the  presence  or  absence 
of  sepsis.  As  a  result  of  cell-proliferation  a  callus  is  formed,  which 
piotects  the  vessel  from  the  dangers  of  hemorrhage.  An  apparent 
a^xdlation  of  the  vessel  occurs  immediately  above  the  clot  (Bryant). 
Has  enlargement,  however,  is  more  apparent  than  real,  and,  in  reality, 
dipaids  upon  a  contraction  of  the  vessel  above  the  clot  (Warren). 

The  function  of  the  clot  is  threefold :  First,  it  acts  as  a  cushion 
igaiast  which  the  impulse  of  the  blood  is  received,  and  in  this  manner 
pm-ents  disturbance  of  the  plastic  process;  second,  it  forms  a  trellis- 
•otk  support  to  inva-sion  and  proliferation  of  cells  as  they  advance 
from  side  to  side  of  the  internal  coat  of  the  arterial  tube;  third,  it 
fiiniishcs  nutriment  to  these  cell.s. 

If  repair  progresses  favorably  the  granulation -tissue  penetrates 
deeply  into  the  thrombi,  and  also  exercises  a  solvent  action  upon  the 
bundles  of  fibers  surrounded  by  the  ligature.  The  process  of  healing 
linm  this  point  resembles  the  repair  of  fractures.  The  new-formation 
autcrul  within  the  vessel  is  comparable  to  the  internal,  and  that  out- 
«de  the  vessel  to  the  external,  callus  of  a  fracture  (Warren)  (Fig.  38). 
Heic  stmciurcs  arc  of  a  pro\isional  character.  Upon  their  disap- 
pemnoc  it  is  found  that  a  growth  has  taken  place  in  the  intima 
•faich  forms  a  permanent  cicatri.v.  According  to  Warren,  this  cicatrix 
RpiesenLs  a  reproduction  of  the  three  walls  of  the  vessel.  Its  innermost 
^H"  b  composed  of  endothelium,  its  outermost  layer  is  a  connective- 
&MIC  fomiiition  from  the  adventitia.  and  between  these  there  is  found  a 
Uywof  muscular  cells  developed  from  the  middle  coat  of  the  vessel, 
tt'ith  the  absor]itit>n  of  the  provisional  tissue  anil  the  complete  formation 
(^tlie  definite  cic;itrix.  the  latter  acts  as  a  connecting  cord  between  the 
•wi  ends  of  the  vessels  (Fig.  39),     A  small  central  vessel  penetrates 
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blood  is  at  once   directed  with   increased 
eral    branches  which  arc  given   off  nearest 
tion.       These    lateral    branches   communicate 
arterial   trunk    beyond  the   ob^itruction.       In 


an   attempt    is    at    once 
maJe  by  the  cells  to  ab- 
sorb it.     The  success  of 
this  attempt  will  depend 
upon   the  nature  uf  the 
ligature-material.      Gold- 
or     platinum-wire     liga- 
ture     remains       perma- 
nently  ill   an    unchanged 
condition.      Lead,    silver, 
iron,   and    other    metals 
disappear   by   absorption 
sooner  or  later.     All  ani- 
mal and  vegetable    liga- 
tures    are     disintegrated 
and     absorbed    in    time, 
varying   with    the    char- 
acter of  the  ligature-ma- 
terial and  the  method  of 
its  preparation.     If  there 
is  any  delay  in  the  ab- 
sorption,      encapsulation 
occurs   from    the   forma' 
tion  of  connective  tissue 
The  absorption,  however 
is  not  arrested  on  this  ac- 
count,  but    goes    on,   al 
though    slowly,  to  com 
pletion.       As  absorptioi 
takes  place  the  ligature 
material   is   replaced    bi 
new     connective     thKue 
In    the    case   of   aninia 
ligatures     the     softeninj 
and    absorption    of    th' 
ligature    occur    earlier 
suppuration    takes  placi 
With   the   arrest   of   th 
blood-current  at  the  sea 
of  ligature   the   flow   o 
pressure  toward  the  lat 
to  the  point  of  obstruc 
with    arteries    from    th 
this    manner  the    bloo 


finally  reaches  its  original  destination.     This  anastomotic  or  collaten 


dnnilation  is  usually  restored  at  once,  and  forms  for  itself  morf  or 
less  wide  channels  for  carr^'inj;  on  ilie  circulation.  The  combined 
area  of  these  collateral  branches  equals  that  of  the  trunk  which 
has  been  obstructed.  In  exceptional  instances  in  which  diseased  con- 
ditions of  the  arteries  exist,  or  where  infiltration  of  the  surrounding 
tiuues  prevents  a  prompt  enlargement  of  llie  anastomosing  branches, 
the  blood-supply  to  the  periphery  is  retarded  or  entirely  prevented 
(see  Gangrene). 

Glands. — Tlie  repair  which  takes  place  in  glandular  structures  is 
Accomplished  by  a  regeneration  of  the  gland-substance.  In  the  case 
of  partial  excision  of  a  gland,  as,  for  instance,  in  the  testicle,  tliere  is 
an  increase  of  the  essential  anatomical  structure,  the  tubuli  seminiferi, 
during  the  healing  process  (Griffin).  In  experiments  upon  dogs.  Tizzoni 
obser\cd  production  of  new  hepatic  tissue  in  wounds  of  the  liver  as 
healing  took  place.  In  the  case  of  the  spleen,  even  in  complete  extir- 
pation of  this  organ,  tliere  is  a  very  effective  effort  made  toward  the 
restoration  of  function  by  the  production  of  new  gland-tissue  from  the 
hlood-ve*.seU  of  the  neighboring  peritoneum.  Tissue-proliferation  takes 
I^cc  in  the  adjacent  vessels,  the  product  of  which  corresponds  to  nor- 
nuj  splenic  tissue,  both  in  its  anatomical  characteristics  and  its  physio- 
tugicil  properties.  The  newly-formed  gland-tissue  occurs  as  isolated 
nodules  which  develop  around  new  offshoots  from  the  vessels  of  the 
pcriumcum  about  the  site  of  the  hilus,  which,  appearing  in  the  begin- 
ning as  new  connective  tissue,  is  finally  supplied  with  follicles,  pulp, 
wd  a  proper  arrangement  of  blood-vessels.  That  these  possess  the 
(unction  of  the  original  spleen  is  shown  by  the  fact  that  the  blood- 
corpuscles,  which  had  been  diminished  following  the  extirpation  of  the 
organ,  increase  in  number  as  the  new  splenic  ti.ssue  is  produced 
(Tiaoni  and  Fileti).  Nor  does  it  seem  essential  that  the  entire  spleen 
should  be  removed  in  order  that  production  of  new  spleen-tissue  should 
occur  from  the  vessels  of  the  peritoneum.  The  excision  of  a  portion 
(rfthc  organ  is  followed  by  the  formation  of  new  spleen-tissue  upon 
tbe  omentum  in  the  neighborhood,  entirely  independently  of  tissue- 
pfoliieratioii  in  the  wound  in  the  spleen  itself 

In  a  similar  manner,  it  is  claimed,  new  lymphatic  tissue  is  rapidly 
produced  after  partial  or  complete  removal  of  a  lymphatic  gland,  the 
nssds  of  the  adjoining  adipose  tissue  serving  the  same  purpose  as 
Ihme  of  the  peritoneum  in  the  production  of  splenic  tissue  {Baier  and 
Ebcialh).  It  is  more  than  probable,  however,  that  the  new  gland-tissue 
B  ihe  product  of  tissue-proliferation  from  the  divided  ends  of  lymphatic 
vosels. 


CHAPTER  VI 


CONSTITUTIONAL  REACTIONS  TO  WOUNDS  AND  THEIR 

INFECTIONS.  wi 

ASEPTIC  WOUND  FEVER;  SAPREMIA;  SEPTIC  INTOXICATION i  SEP- 
TICEMIA;  PYEMIA:  SEPTICOPYEMIA.  ^ 

When  local  injuries  have  been  inflicted  upon  the  animal  body,  a' 
constitutional  reaction  is  prone  to  follow — a  reaction  in  which  are  asso- 
ciated elevation  of  the  body-temperature,  and  cardiovascular,  respiratory, 
and  nervous  phenomena  which  we  designate  under  the  clinical  term 
fever.  It  is  not  within  our  province  to  discuss  the  essential  nature  of 
the  fever,  but  only  to  consider  its  relationship  to  surgical  conditions. 
Neither  is  it  our  purpose  to  dwell  upon  that  hyperthermia  which 
occurs  after  the  passinj^  of  the  catheter  or  sound,  when  unassociated 
with  infection  or  renal  lesions,  and  which,  as  it  is  a  simple  vasomotor 
disturbance,  is  better  referred  to  another  classification  than  that  of 
fever  (Kraus). 

The  common  pathological  element  in  all  forms  of  fever  is  intoxica- 
tion. The  poisons  which  bring  about  the  fever  are  of  different  origins, 
and  gain  entrance  to  the  circulation  in  a  variety  of  ways. 

AUTO-INTOXICATION. 

Auto-intoxication  is  an  expression  of  recent  origin,  used  to  desig- 
nate that  form  of  seif-poisoning  in  which  neither  wound  nor  gross 
pathological  lesion  exists,  but  in  which  poisons  elaborated  within  the 
body  are  not  excreted  with  proper  activity,  so  that  the  system  at  large 
is  injured.  While  auto-intoxication  is,  therefore,  not  dependent  upon 
any  form  of  wound-complication,  a  slight  knowledge  of  it  is  neverthe- 
less so  important  for  our  study  of  wound-infection  that  we  will  very 
briefly  refer  to  it. 

A  .simple  and  familiar  kind  of  auto-intoxication  is  that  in  which  the 
bowels  do  not  empty  themselves  freely  enough,  so  that  the  products 
of  putrefaction  from  the  intestine  and  excremcntitious  matters  from  the 
liver  and  the  intestinal  mucosa  are  not  capt  out  promptly,  but  remain 
long  enough  in  the  body  to  be  partly  resorbed.  The  skin,  the  lungs, 
the  kidneys,  the  liver,  and  the  intestines  are  the  most  important  ex- 
cretory organs.  Interference  with  the  activity  of  any  one  of  them 
may  result  in  the  retention  of  poisons  which  cause  a  great  variety  of 
functional  disturbances  depending  for  their  peculiarities  upon  the 
properties  of  the  retained  chemical  bodies.  The  greatest  activity  is 
now  being  manifested  by  scientific  men  in  this  complex  and  difficult 
field,  and  many  chemical   compounds  have  been   isolated  from   the 
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oicreta,  their  chemical  formula  ascertained,  and  their  physiologiciJ 
jiropcrtics  determined. 

Auto-intoxication  is  of  especial  importance  to  the  surgeon,  because 
ihc  traumatic  infectious  organisms  find  the  tissues  of  an  anima!  de- 
pressed by  the  resorption  of  e.xcrementitiniis  principles  much  more 
lulnerable  than  those  of  a  normal  individual.  All  experienced  sur- 
gtons  realize  the  ver>-  great  importance  of  having  the  bowels  in  a  good 
state  of  activity  at  the  time  of  performing  operations.  Not  only  this, 
but  many  insist  that  the  intestines  be  as  nearly  empty  as  possible,  and 
thai  the  so-called  intestinal  antiseptics  be  given  beforehand,  since  the 
kis^of  e\"en  a  moderate  amount  of  blood,  and  especially  the  frequent 
injbiiity  to  retain  water  in  the  stomach,  make  resorption  of  fluids  from 
the  intestines,  which  always  contain  more  or  less  noxious  matter  in 
soluiion.  especially  Hkely  to  occur.  This  danger  may  be  partly  averted 
bj' injecting  into  the  rectum  4  to  S  ounces  of  sterilized  water  every 
three  to  .six  hours  after  the  operation,  until  abundant  urinarj''  secretion 
Irl^  us  the  blood-volume  is  made  up  and  that  excretion,  by  that 
important  avenue  at  least,  is  going  on  well.  For  the  same  reason 
fHQcnls  should  not,  as  a  rule,  be  denied  abundance  of  drinking  water, 
iftcr  po.st-operative  vomiting  has  ceased,  unless  some  especial  indica- 
tion exist  for  denj-ing   it. 

To  prevent  the  ill  effects  of  excessive  auto -intoxication,  one  must  be 
opecially  upon  his  guard  in  certain  progressive  organic  diseases  in 
which  surgical    operations  are  often   required. 

For  aainplc.  in  diabplfs  we  ate  cautioned  to  defer  amputatinn  far  gnngreDC,  if  possible, 
ttd  lb«  glycosuria  i&  r«<iuced  to  as  low  a  poinf  a»  possible  ;  and  rn  Ihc  various  rpnal  mala- 
Anopnalioni  of  dcclion  are  deferred  until  the  funolion  of  urinary  rtcrelion  is  petfurmed 
•14  KUiDUiR  ncliviiy,  Ti  ii  im|iortiinl  to  iiiicrmgaic  the  conitiiion  of  ihe  kiilnevs  and  of 
^  hart,  upon  whiclt  renal  aclivjly  so  much  depends,  hcfore  undertaking  surgical  \^to- 
ndOB  whicii.  bir  Ihiuwitig  ndditiimal  burden.'  oti  the  <1iiiilimliiijt  organs,  inoy  cause  an 
fl^hnoDaulDD  vblch,  if  Dot  dangerous  in  itself,  may  become  so  by  favoring  local  or  general 

wECboCL 

The  diagnosis  of  auto-intoxications  must  be  made,  partly  by  a 
fefcrcncc  to  the  positive  symptoms  associated  with  the  partial  func- 
tioflal  failure  of  the  different  organs,  partly  by  the  exclu.sion  of  various 
fcfUH  of  intoxication  of  a  more  strictly  surgical  character  yet  to  be 
dncusscd.  The  commonly  prompt  occurrence  of  furred  tongue,  a 
tiler  taste  in  the  mouth,  headache,  anorexia,  and  malaise  wilh  a  slight 
rae  of  fwcr  after  failure  of  defecation  for  twenty-four  or  forty-eight 
bour*.  suggests  the  need  of  laxatives.  Persistent  headache,  a  tense 
■all  radial,  a  hj-pcrtrophied  left  ventricle,  mental  wandi;ring  or  de- 
Hnuin,  tnitching  of  the  limbs  or  of  muscle-groups  together  with  more 
<lirect  c^'>dences,  call  attention  to  renal  insufficiency.  For  the  refine- 
nnils  of  diagnosis  in  this  department  the  reader  must  seek  the  works 
M  iiitem.-il  mL'dicinc. 

The  treatment  of  auto-inioxications  by  medieval  and  even  com- 
pwatively  modem  practitioners  was  largely  by  phlebotomy.  This  was 
"■K  wholly  without  propriety",  since  the  removal  of  a  comparatively 
"Mil  quantity  of  blood  and  its  substitution  by  water  insure  the  im- 
"wSue  removal  from  the  body  of  a  quantity  of  concentrated  poison- 
Mi  natler  which  it  would  require  a  vastly  larger  amount  of  urine  and 
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very  much  more  time  to  carry  away.     Practically,  however,  we  now 

reach  the    same   result    by    using  laxatives,   diuretics,   and  sudorific 
remedies. 

ASEPTIC  WOUND  FEVER.  ■ 

Aseptic  wound  fever  is  an  expression  used  by  Voikmann  to  in- 
dicate the  systemic  reaction  taking  place  in  the  bodies  of  those  in 
whom  wounds  are  healing  without  the  interference  of  infection — as,  for 
example,  in  simple  fractures. 

Gusscnbauer  has  tallc^J  .illcolioti  lo  ihe  illogical  chancier  of  the  expression,  since  a  tenn 
inilicating  ihe  mere  ubaeticc  of  a  pachulugicsl  characlerislic  should  not  5^1'vi-  to  denuii^  » 
morljid  eiilily.  (Jitier  names  are  soinelimes  used.  Fetmtnl  fevt-r  was  an  expression  sug- 
ge^led  by  Bergmnnti  under  ihe  misconceplion  that  tlie  librin-fcnnenl  of  elfuscd  or  disinte- 
gialcd  blood  was  Ihe  active  agent  in  pniducing  the  fever.  Resorption  frvfr,  aftcr-fcfcr 
(Billroth),  and  simple  Iraumalii fever  are  iillier  mote  or  less  convenient  ur  suggestive  addi- 
tions 10  the  (erminology. 

Etiology. — The  cause  of  this  form  of  transitory-  fever  coming  on 
a  few  hours  after  injury  was  sought  by  many  earlier  observers  in  the 
liberation  and  resorption  of  fibrin-ferntent  from  the  blood.  It  was  ob- 
served that  after  transfusions  of  blood,  in  which  many  millions  of  red 
corpuscles  are  destroyed,  and  when  tissues  were  suddenly  killed  by 
traumatism,  a  rise  in  temperature  occurred  even  in  the  absence  of  infec- 
tion. The  same  thing  was  seen  to  occur  even  when  inert  substances 
like  charcoal  were  introduced  into  the  veins.  It  was  supposed  that 
these  substances  brought  about  destruction  of  some  blood-corpuscles, 
and  that  thus  the  fibrin-ferment  was  set  free. 

Schnitilcr  and  Ewald,  working  in  Albert's  clinic  in  Vienna,  have  recently  studied  anew 
the  fever- producing  chemical  t>odie9  indisputablv  set  free  in  subcutaneous  hemorrhages. 
While  asserting  that  the  older  notions  of  the  themistr)'  of  Ijbrin- ferment  must  be  so  modified 
as  lo  agree  with  the  results  of  modern  research,  and  that  the  librin-ferrnent  cnnnot  anv  longer 
be  regarded  as  the  aetive  lever- producing  body  in  elTused  bUuKl,  they  endeavored  to  isolate 
from  such  blood  those  chemical  bodies  which  proiiuce  the  symptoms  of  aseptic  wound  fever. 
They  claim  lo  have  found  two  series  of  compounds  esaclly  meeting  these  rci"|uiTempnts — thf 
nuclcins  and  the  nihiimoses.  Both  these  subslnnces  are  found  in  eitused  aseptic  blood  ;  both 
substances  when  injected  into  the  bodies  of  healthy  animals  britig  about  a  febrile  reaction. 
Besides  this,  nntleins  are  known  to  be  present  in  some  of  the  suppcisedly  inert  substancei 

St.  g.,  wheat  llour)  formerly  injected  ei:]Mriiticiilally  into  the  blwid  of  animals  to  product 
lis  febrile  dislMrliance. 

The  exact  conditions  under  which  this  kind  of  fever  is  producec 

are  not  as  yet  determined.  Certainly  there  are  many  cases  of  extensivi 
extravasation  of  blood  that  are  followed  by  but  slight  reaction.  Th( 
converse  of  the  proposition  is  equally  true,  that  often  vcrj'  small  in 
juries  are  followed  by  great  reaction.  Doubtless  the  activity  of  thi 
emunetorj--  organs  at  the  time  of  injury  constitutes  an  important  factor 
Some  maintain  that  the  pressure  to  which  the  effused  blood  is  sub 
jected  is  a  favoring  moment.  The  resorptive  powers  of  the  tissue 
that  are  in  contact  with  the  blood  are  significant. 

After  operations,  this  form  of  fever  is  most  likely  to  follow  whei 
hcmostasis  has  not  been  perfect,  when  drainage  has  been  omitted,  o 
when  manipulation  of  a  great  amount  of  tissue  has  been  prolonged 
and  severe.  Tillmanns  considers  the  use  of  antiseptics  in  the  woun^ 
an  important  causative  element,  since  these  chemical.s  destroy  quant itie 
of  tissue-cells  and  predispose  to  post- operative  oozing  of  blood. 

The  symptoms  of  primary  or  aseptic  wound  fever  are  simple  an 
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numerous.  A  few  hours  after  a  trauma,  operative  or  accidental, 
the  temperature  rises  to  100°,  101".  or  even  102°  F.,  rarely  higher. 
The  rise  of  temperature  being  gradual,  and  the  degree  attained  not 
high,  a  rigor  does  not.  as  a  rule,  occur.  The  pulse  increases  in  fre- 
quency in  correspondence  with  the  fever.  The  face  may  be  slightly 
flushed  and  the  tongue  dry.  The  eyes  are  bright,  and  the  patient 
makes  but  little  complaint  except  to  beg  for  water.  These  symptoms 
in:  of  very  transitorj"  character.  In  a  few  iiours,  or  within  two  days, 
ibc  rc;iction  is  over,  and  henceforth  the  temperature  remains  normal 
throughout  the  course  of  healing. 

The  diagnosis,  in  the  presence  of  these  somewhat  vague  and  un- 
characteristic symptoms,  must  rest  chiefly  on  a  careful  exclusion  of 
other  fever-producing  conditions  in  the  woiuui,  and  particiilariy  upon 
the  exclusion  of  inHammations  in  other  parts  of  the  body  (pneumonia, 
bronchitis,  nephritis).  Since  the  prompt  termination  of  the  febrile 
nwi-ctncnl  is  a  most  typical  element  in  the  symptomatology,  the  clini- 
cai  observer  an.viously  watches  for  the  defervescence  to  enable  him  to 
exclude  tlie  more  dreaded  wound-complication.s.  In  practice,  we  give 
but  little  anxiety  to  a  moderate  rise  of  temperature  during  the  first 
tnctiiy-four  hours  after  traumatism. 

The  treatment  of  this  form  of  wound-reaction  is,  in  operative  sur- 
gny  chiefly,  and  most  properly,  prophylactic.  The  proper  preparation 
«  the  patient,  diminution  of  traumatism,  abstinence  from  the  use  of 
chemical  antiseptics,  and  curtailment  of  exposure  to  air  are  important 
points,  La.xatives  after  operations  are  often  used.  Enemata  of  warm 
water,  to  be  retained  and  resorbed.  aid  in  elimination  of  the  poisons. 
In  laparotomies  for  non-infectious  lesions  it  is  common  and  good  prac- 
bceio  le.ivc  in  the  abdomen  a  quantity  of  sterilized  water,  the  absorp- 
tion of  which  increases  diuresis  and  diaphoresis. 
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H  The  fcvefH  thus  far  discus.sed  have  been  regarded  as  due  to  the 
H  rcMrption  of  toxins  not  elaborated  by  the  action  of  bacteria,  if  we 
H  rxa-pi  the  case  of  auto-infection  from  putrefaction.  We  have  now 
^^^Jo  consider  the  sy.stemic  consequences  of  the  invasion  of  wounds  and 
^^^■Bunil-products  by  micro-organisms. 

^^^^  -Ml  bacteria  produce  their  specific  effects  through  the  action  of  their 
B  «ci«4.  or  by  virtue  of  the  injurious  action  of  certain  chemical  com- 
~  puisib  exi.slcnt  in  their  bodies.  The  variety  of  these  chemical  com- 
.  pmiDib  is  very  great.  Many  bacteria  excrete  products  peculiar  to 
H  ihrnwlveft— chemical  bodies  often  of  definite  compo.sition  and  of  well- 
H     eiitactcriicd  physiological  properties. 

I  When  s.aprophytes  grow  upon  or  within  the  body  under  such  con- 
^  <fiti(Mu  that  thdr  poisonous  products  are  absorbed  into  the  system,  we 
*palt  of  the  complcxus  of  resulting  symptoms  ,tj  snpninin.  Clinically 
*  i»  most  diflftcult  to  separate  cases  of  pure  sapremia  from  cases  of 
VffMirstion  and  septicemia  Ik-sides  this,  mixed  infections  are  especi- 
•Hyltkeiy  to  occur  under  those  comlilions  in  which  putrefaction  occurs. 
'Snwthdc*',  there  are  a  few  rlaxskal  /uruis  of  sapremia  which  can  be 
tirij-  well   rccognixed   clinically.     After  childbirth,  for  example,  the 
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Uterus  may  be  regarded  as  a  wounded  viscus.  The  placental  site  is 
the  wound-surface  proper,  which  can  freely  absorb  poisonous  matter 
from  the  uterine  cavity.  If,  now,  a  portion  of  the  placenta  or  of  the 
fetal  membranes  is  not  expelled,  and  chances  to  become  infected  with 
germs  of  putrefaction  introduced  through  the  vagina,  the  conditions  for 
the  growth  of  the  saprophytes  are  well-nigh  ideal.  Resorption  takes 
place  with  great  freedom.  Large  quantities  of  noxious  matter  arc  very 
rapidly  introduced  into  the  system  at  large  and  produce  symptoms  of 
poi.soning.  If  the  poisons  are  not  of  sufficient  quantity  or  of  proper 
kind  to  cause  rapid  death  from  toxemia  (and  this  termination  is  un- 
common), the  offending  mass  of  dead  tissue  may  be  removed  by  the 
attendant's  art,  with  immediate  cessation  of  the  symptoms.  A  patient 
suffering  from  strangulated  hernia  encounters  the  risks  of  sapreniia 
from  multiplication  of  intestinal  saprophytes  in  the  strangulated  tissues, 
although  the  action  of  the  more  aggressive  attendant  micro-organisms 
is  often  much  more  portentous.  It  i.s  possible,  also,  for  the  blood-clots 
and  wound-secretions  of  any  open  wound  to  putrefy  and  produce  a 
condition  analogous  to  that  of  intra-uterine  putrefaction. 

The  poisons  in  action  are  of  varied  composition  and  of  unequal 
toxicity.  Many  of  the  ptomains  of  putrefaction  have  already  been 
isolated  and  experimentally  studied. 

The  symptoms  vary  with  the  quantity  of  dead  tissues  to  be  acted 
upon,  the  peculiarities  of  the  infecting  micro-organism,  and  the  rapid- 
ity of  resorption.  We  may  say,  in  a  word,  that  the  symptom-complex 
is  that  of  progressive  poi.soning  by  nerve-depressing  and  fever-exciting 
agents.  A  chill,  of  course,  occurs  in  those  cases  in  which  the  tem- 
perature rises  to  102°  or  104°  F.,  as  is  often  the  case.  This  chill,  which 
is  frequently  the  first  sign  of  grave  disturbance,  is  usually  preceded  by 
a  slight  rise  in  temperature,  malai.sc,  headache,  anorexia,  and  a  coated, 
dry  tongue.  The  pulse  grows  more  frequent  and  .soft  as  the  tempera- 
ture ri.ses.  Vomiting,  diarrhea,  scanty,  high-colored  urine,  and  head- 
ache are  succeeded,  as  the  poisoning  deepens,  by  restlessness,  delirium, 
jactitation,  and  cold  perspiration.  At  last,  as  death  approaches,  the 
pulse  grows  weaker,  involuntary  passages  of  urine  and  feces  occur, 
and  delirium  is  replaced  by  coma. 

Should  the  amount  of  culture-medium  be  quite  limited  (blood-clot 
placenta,  or  other  devitalized  tissue),  the  microbes  may  exhaust  theii 
supply  of  pabulum,  and  the  patient  may  recover  without  more  ado 
But,  clinically,  the  pus-microbes  arc  so  commonly  in  association  wit! 
the  .saprophytes  that  usually  only  a  gradual,  instead  of  a  sudden,  re 
gression  of  symptoms  occurs,  with  a  residuum  of  suppuration,  requir 
ing  a  greater  or  less  amount  of  time  to  disappear.  Typical,  sudden 
and  gratifying,  however,  is  the  recover^'  when,  in  one  of  the  unusua 
cases  of  typical  saprophytic  toxemia,  the  putrefying  placenta  is  ex 
tracted  from  the  uterine  cavity.  The  temperature  falls  within  a  fev 
hours  and  all  other  outward  signs  rapidly  disappear. 

The  prognosis  of  sapremia,  then,  depends  upon  the  exhaustioi 
of  the  culturc-rnetiium  or  it.s  mechanical  removal.  Uncomplicatci 
cases  usually  recover;  but  it  is  possible  for  the  system  to  be  ovei 
powered  in  a  few  hours  by  the  ptomains  of  putrefaction  rapidly  poure 
into  the  blood. 
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So  unusual  are  these  purely  sapremic  cases,  and  so  difficult  is  it  to 
exclude  clinically  the  noxious  presence  of  other  bacteria,  that  some 
writers  (Kocher  and  Tavel)  would  discard  the  term  sapreniia  from  our 
oosologj-.     The  diagnosis  must  be  based  upon  the  symptoms  men- 
tioned coming  on  a  few  hours  or  days  after  a  trauma,  with  the  added 
consideration  of  the  local  findings.     The  wound  in  such  cases  will  pre- 
sent some  evidences  (redness,  swelling,  heat,  pain)  of  inflammation  and 
a  discharf;e  of  thin   acrid  serous  or  serosanguinolent  fluid  from   the 
wound.     Tlie  discharge  is  usually  malodorous;  but  it  must  be  borne 
in  mind   that  well  marked  cases  of  toxemia  and  sapremia  may  be 
induced  by  the  growth   of  microbes   which  do  not  elaborate  putrid 
products.     A  sour  or  rotten  odor  will  usually  be  noted,  however,  and 
foul-smelling  gases  may  be  given  off. 

The  treataient  is  first,  of  course,  prophylactic  ;  careful  antisepsis 
or  asepsis  will  always  prevent  this  wound-complication  in  wounds 
made  by  the  surgeon.  Once  the  condition  is  established,  it  may 
usually  be  cut  short  by  removing  culture-matter,  establishing  drainage, 
and  frequently  irrigating  the  wound  with  a  suitable  antiseptic  solution. 


SEPTIC  INTOXICATION. 

Closely  related  to  sapremia  (iihich  we  have  described  as  a  toxemia 
of  i^rophytic  origin)  is  septic  intoxication,  a  disease  due  to  the  resorp- 
tion of  poisons  from  foci  of  suppuration.  That  the  by-products  of  the 
pus-microbes  cause  profound  local  systemic  disturbances,  when  injected 
mio  the  healthy  animal  body,  was  proved  long  ago  by  direct  experi- 
mentation. 

Utcr,  u  long  >!!'>  ai  1879,  in  studying  asperglllus  kerstiti!,  rncliei)  Ihr  conclusian  Ibal 
■f  MCtTH:ir;g>nl.5in  musl  produce  ?oDie  soluble  chemical  tHxlies  which,  bv  ditTuaion  ihrough 
A>  Inm  of  ItiF  I'lifncii.  hniugbl  about  llii:  wide<{pr(.'iid  inHammatinn  nnu>d,  Al  a  liler 
■Be  lib  f  l^S  \  he  pithli^hcd  ad  account  of  a  cn'alallinc  pyogenic  tHxly,  which  he  called 
jUifaiii,  denied  fn.>ni  pure  cultuie^  of  |iU5-niii: robes.  f.)ilii;t  obstrvcrs  huve  found  (hot 
i"  idltuf  aany  txelerin  conlain  pmteiils  capable  i>f  causing  no n- progressive  (aseptic) 
I  ■nd  iiT  atrriflusly  aifecting  the  general   xystem  when  injected  into  cellular  (issue. 

The  rcsoqjlion  of  toxic  chemical  bodies  from  foci  of  localized  sup- 
.  [Hiraiion  is  dejxrndent  upon  a  varietj'  of  conditions,     Granulation-tissui 
not  readily  absorb  chemical  bodies,  since,  as  Billroth  long  ago 
'^I'xnted  out,  the  granulation -tissue  closes   up  the  lymphatic  spaces. 
The  destruction  of  this  granulation-tissue  barrier  is  sometimes  followed 
lij  1  rapid  rise  of  tcmpcralurc.     Pressure  within  an  unoi>ened  abscess 
ti  responsible  for  almost  all  the  resorption.     The  pus-poisons  are  re- 
ktoiW  readily  even  by  granulations  when  under  pressure.     Drainage 
'**  »b*ccs5<avities  has  for  its  object  the  removal  of  this  pressure ;  if  it 
*tK  not  so.  the  fever  would  remain  high  even  after  drainage  is  estab- 
lished, Mncc  the  wound-surface  continues  to  be  bathed  in  pus.     This 
B  proved  hy  tlic  fact  that  the  temperature  rapidly  rises  when  pressure 
"  rt-Wablishcd  in  the  abscess-cavity  by  plugging  the  drainage-ope n- 
""E-   ()ftcn  a  patient  sufTering  from  abscess-formation  has  a  higher 
LjnnpHaiujic  for  a  few  hours  after  the  opening  of  the  abscess  than  he 
■*t  whm  the  pressure  was  at  its  height.     This  is  due  to  the  ojiening 
"'lymph-spaces  to  resorption,  by  the  surgeon's  incision.     Pressure  has 
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another  effect  on  the  process  of  septic  intoxication — that  of  favoring  the 
spread  of  the  infection  into  remote  tissues,  thus  increasing  at  once  the 
absorbing  area  and  the  amount  of  the  poisons  capable  of  being 
resorbcd. 

Not  only  are  the  toxic  substances  elaborated  by  pyogenic  organ- 
isms capable  of  producing  temperature-elevation,  but  the  bodies  of  the 
bacteria  themselves  are  equally  poisonous.  The  bacteria  destroyed 
in  the  contest  with  the  tissues  therefore  add  to  the  septic  intoxi- 
cation. 

We  speak  clinically  of  intoxication  when  we  have  to  deal  with  a 
systemic  poisoning  of  pyogenic  origin,  in  which  there  is  reason  to 
believe  bacteria  from  the  infected  site  have  not  found  their  way  to 
distant  seats  or  into  t!ie  circulating  blood  itself.  We  feel  especial 
confidence  in  such  a  diagtiosis  after  we  have  excluded  the  po.ssi- 
bility  of  septicemia  by  affording  drainage  to  the  abscess  and  after  we 
have  found  that  all  evidences  of  toxemia  are  thus  caused  to  dis- 
appear. 

The  degree  of  intoxication  does  not  depend  in  given  cases  of  septic 
poisoning  upon  the  quantity  of  pus  present,  A  small  amount  of  pus, 
even  a  drop  or  two,  under  the  periosteum,  for  example,  may  cause  more 
violent  symptoms  than  a  half-pint  under  the  looser  parts  of  the  skin. 
The  toxicity  also  depends  on  the  character  of  the  cultures  from  which 
the  inoculation  was  made.  Infections  from  exceptionally  virulent  cult- 
ures give  rise  to  much  greater  disturbance  than  those  from  weaker 
growths  of  the  same  bacterium.  No  doubt  tile  lymphatic  apparatus 
reacts  to  the  toxins  of  pyogenic  bacteria  somewhat  as  it  does  to  the 
bacteria  themselves,  as  will  be  presently  described  (Halban). 

The  clinical  course  of  septic  intoxication  is  the  clinical  course  of 
the  systemic  reaction  in  local  suppuration.  A  furuncle  will  often  dis- 
charge into  the  blood  quantities  of  toxins  sufficient  to  create  great 
systemic  disturbance.  The  temperature  gradually  rises  with  the  growth 
of  the  inflammatory  focus,  so  that  often  in  a  few  hours  it  reaches  104° 
or  105°  F.  Sliould  a  large  quantity  of  the  toxins  be  suddenly  thrown 
into  the  circulation — ('.  c.  when  the  infianimation  is  rapidly  progressive 
and  virulent,  or  when  an  absce.ss  bursts  into  an  actively  resorptive 
cavity — the  intoxication  will  be  evidenced  by  a  chili  preceding  the  rise 
of  temperature.  In  moderate  intoxications  the  fever-curve  is  fairly 
regular,  being  lower  in  the  morning  than  in  the  evening,  as  a  rule.  The 
elevation  continues  until  the  entire  quantity  of  resorbable  material  has 
been  removed,  as  may  be  the  case  with  small  and  peculiarly  conditioned 
foci,  or  until  the  progressive  spread  of  the  inflammation  with  the  usual 
necrosis  and  liquefaction  of  tissues  in  the  line  of  least  resistance  per- 
mits the  escape  of  the  pus.  If  large  quantities  of  pus-toxins  are  thrown 
rapidly  into  the  circulation,  death  may  result  from  the  sudden  violenl 
depression  of  the  vital  powers. 

Septic  into.vication  must  be  clinically  differentiated  from  septicemia 
according  to  rules  formulated  under  the  heading  Septicemia.  In  al 
forms  of  pyogenic  temperature-elevation  a  septic  into.xication  is  present 
but  we  must  exclude  septicemia  before  limiting  our  diagnosis  to  septii 
intoxication  alone. 
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SEPTICEMIA,  PYEMIA,  AND  SEPTICOPYEMIA. 

By  septicemia  we  mean  that  form  of  systemic  poisoning  in  which 
Bving  bacteria  enter  the  blood.  It  is  necessary  that  the  microbes 
reproduce  themselves  in  the  blood,  and  that  they  be  found  alive  in 
that  fluid,  capable  of  growth  when  planted  upon  suitable  media.  We 
exclude  by  common  consent  those  infections  which  are  not  tj-pically 
pyogenic  in  character  ^anthrax,  glaiidL-rs.  etc.).  Septicemia  is  therefore 
not  necessarily  associated  with  putrefaction. 

Pjemia  no  longer  means,  as  its  etymology  implies,  pus  in  the  blood. 
By  pyemia  we  now  mean  a  form  of  blood-poisuning  by  pyogenic  or- 
ganisms, in  which  Hving  bacteria  arc  transported  by  the  blood-currents 
to  distant  tissues,  where  they  grow  and  produce  abscesses;  so  that  in 
pyemia  the  production  of  multiple  abscesses  is  the  typical  pathological 
chaiigi:.  just  as  in  septicemia  the  dominant  feature  is  the  systemic 
intaxication  with  the  living  bacteria  in  the  blood. 

Sipticopycmia  is  a  clinical  term  u.sed  to  convey  the  impression  that 
the  symptoms  of  sepsis  are  marked  as  well  as  those  of  pyemia. 

Al  the  present  time,  therefore,  we  do  not  draw  a  sharp  line  between 
these  three  forms  of  pyogenic  disease.  Neither  theorj'  nor  practice 
»i>uld  now  justify  such  a  distinction,  since,  as  the  pathogenic  organisms 
Jre  llic  same  in  each  of  these  conditions,  the  morbid  anatomical 
changes  vary  more  in  degree  than  in  kind,  and  the  clinical  signs  do  not 
oublc  us  to  distinguish  unerringly  between  tlicm.  This  inabilitj'  to 
separate  these  forms  of  one  disease  has  been  delayed  in  recognition 
bciausc  in  some  of  the  lower  animals  typical  septicemias  are  found — 
ti-.lhc  same  bacterium  injected  into  the  blood  always  produces  the 
same  fiirm  of  septicemic  disease.  In  man  the  pyogenic  microbes  not 
fnly  produce  septicemia  and  piyemia.  but  also  local  infections  whose 
nanilestations  are  often  entirely  distinct  from  any  systemic  disease 
oicqjt  a  transilor)'  intoxication.  We  have  in  man,  then,  no  specific 
miCTO-organism  of  septicemia  and  of  pyemia.  The  clinical  pictures  of 
these  diseases  are  often  obscured  by  primary  local  disturbances  which 
nuy  even  prevent  the  unwary  practitioner  from  recognizing  the  sys- 
temic invasion. 

WTiilc  it  U  true  that  man's  septicemia  is  not  a  typical  di.sease.  many 
losons  and  suggestions  may  be  gained  by  a  study  of  the  typical  sep- 
txcinias  of  lower  animals. 

Tfce  cttakal  romrch  in  thii  drpnrtiiirnl  of  invpslipilion  is  Ihal  of  Ktich  on  numir  irfli- 
"■«  (rtjftl.  who  riiiiiul  itial  liy  injcclii.i;  lilixjcl,  which  had  been  slluweil  In  jmlrefy  for  two 
MtimtiJan.  ialB  Ihr  <-r11uI.ii  lisjuc  of  hcii-irtiiite,  a  martal  disenw  wns  [imdiiced,  rven  when 
^h  fi*«  an>ps  di  the  Aui<l  ^'cre  injccled.  Various  form'*  of  bactrria  were  found  in  the 
<^lih>  itaori  i>f  ihf  lioik  wlicre  ihi'  iiijtTliiiri  hml  been  mnde.  The  oigan^i  o(  iht-  draJ 
''■toll  vrTF  foLKut  iH>nitji1  in  a|ipcHl^nrf',  .iiu]  this  inc^  lakcn  in  cnnjnncliiin  wUh  Ihe  fncl 
■■  tht  mmtc  lixr>l  only  f.iur  or  five  hour*,  leil  Koch  Ui  (hiiik  ihc  lau.-*'  nt  dealh  was 
'^■Mi  iod  luf  ^f-pUcrmiA.  lie  (hen  mjrf'ted  .inoiher  nrrirs  of  mice  wilh  ^mnller  do«e« — 
^  k  two  dtijiu.  'Ihe  innjonty  iif  Ihe  infcclrd  nntmnls  lived  ;  l>nl  H  lew  ilied  ill  nUiul 
p«^-fc«r  bciat>.  The  Ullcf  nl  fitsl  devdnjied  a  conjuntlivili* ;  Ihcn  (hf  movemcnlt.  of 
V  niaftl  brcirnr  more  tlow.  [he  \>at.\  became  an:l\ed,  and  tlie  extremities  dmwit  up, 
"*0»  let  la.  Ki.(Miixtiiiii  heciinie  very  sli.w,  unil  vilal  ilc]iics*ioii  cndeit  in  di-nih.  'Ihe 
M^  tfni  **«  iihUme^i  wiih  one^lenlh  of  u  flntp  'if  the  li'^utd.  dealh  ix^furrin^  Forly  or 
"^hflm  aflct  ihr  injection.  After  death  Ihr  nnimal  remained  in  ihc  tamr  |ii>«ili»n.  Al 
fc  f  MJ  Ui*  ott«n<i  iiUM-orcil  nutmiil,  Iml  Ihc  >l>lern  Trmrd  a  litlle  enl.ir^cd.  If  now 
^loM  d4  a  (Imp  ti  LIihmI  Tntm  (he  deatl  tntiu^  vns  uvd  df  inocnlpte  n  heallby  ainnii^]. 
drT«lopeil  ind  Ihe  mouM  died  in  fifty  huuis.     In  his  first  publicaliun  on 
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ihis  ™bj«I,  KckIi  reported  54  mice  suircwively  inoculaled  willi  ihe  scpuccmia ;  so  thai  no 
doubt  could  l>e  enlerlaincd  in  regard  (o  the  bacleriAl  character  of  Oie  dii^ease  or  iti»  dendly 
aclivily.  The  bacteria  weie  leen  ivith  dillncuUy,  until  Abbe'ft  conderiMr  and  jjood  one- 
Iwelftfi-iiicb  objectives  wt-ie  Mv^.  Tlicy  were  fimnd  lo  be  minute  bacilli.  The  bacteria 
were  pmvc<i  lo  exi^l  and  lo  thrive  in  the  bloody  since  tile  blood  alwayb  showed  tbe  biLcleria 
without  regard  to  the  vessel  from  which  it  was  drawn. 

These  pyogenic  microbes  seemed  to  retaiii  their  virulence  unimpaired 
throughout  many  generations.  In  man,  the  organisms  are  of  widely 
varying  virulence,  and  may  be  introduced  under  varying  circumstances 
which  either  favor  or  militate  againf^t  their  growlh.  Their  numbers  may 
be  great  or  small,  so  that  they  are  sometimes  defeated  in  their  contest 
with  the  tissues,  and  at  other  times,  when  in  great  number,  may  produce 
a  frankly  local  process  or  one  of  a  spreading  character.  Consequently 
there  is  no  pus-microbe,  the  injection  of  a  culture  of  which  will  produce 
in  all  cases  a  septicemia  in  man.  We  must  hasten  to  add  that  we  do 
not  as  yet  know  all  the  conditions  which  are  required  in  order  to  pro- 
duce septicemia.  Some  of  the  favoring  conditions  are  known  and  these 
will  be  presently  discussed. 

Some  authors  (Mouod  and  Macaij^e)  distinguish  between  a  prhnarv  and  a  saomijry 
sepliamia.  the  fritnicr  beiiij;  that  ill  which  only  an  insignificant  point  of  entrance  is  noted, 
the  latter  ihal  in  which  rnuch  inUammatory  disturbance  exists  at  the  points  of  entrance  of  Ibc 
microbes  into  the  bodv. 

The  dissemination  of  pus-microbes  from  the  point  of  entry  into  the 
blood  has  been  the  object  of  much  study.  In  the  case  of  the  primary 
septicemia  mentioned — usually  instances  in  which  an  inoculation  of 
very  virulent  bacteria  has  been  effected — the  micro-organisms  may  be 
carried  with  great  rapidity  into  the  blood,  conceivably  by  direct  intro- 
duction into  the  capillary  vessels  in  the  case  of  traumatism,  but  usually 
by  the  lymphatic  route. 

Halhaii.  whose  researches  on  the  lymph-glands  in  pus-infection  will  be  presently  dis- 
cussed in  detail,  tienies  the  occurrence  ^)f  bacterial  fi-'jinniinioii  bv  bIou\i-turr.'nt^  from  the 
bleeding  wound'?.  lu  addition  10  arguments,  he  presents  the  records  of  simple  but  seeminglj 
crucial  experiments.  Rabbils  were  wounded  in  one  of  their  legs  and,  while  the  wound  wai 
bleeding,  n  d:'se  of  a  virulent  culture  of  aiiihrax  bacilli  was  wi|ied  off  upon  Ihe  wound.  Tht 
animals  not  treated  died  in  twenty-four  <jr  thirtv-six  hours  1  but  when  the  leg  was  nmputatec 
at  the  shnuldet-jiiinl  two  ur  two  and  oBe-hnlf  iiours  after  the  infection,  death  did  not  occur. 
This  proves  thai  the  infection  was  arrested  for  two  hours  in  the  leg,  ami  as  the  lymph-glandi 
showe^ii  abundance  of  bacill],  it  is  evident  ihjtt  Schinimelbusch  i>  mistaken  in  as'^uming  tha 
pathogenic  baeleria  pass  directly  into  the  blood  in  the  infection  of  bleeding  wounds. 

As  is  well  known,  the  chemotactic  power  of  the  pu.s-microbes  i) 
very  great — that  is,  the  leukocytes  are  attracted  toward  the.se  bacteri; 
with  especial  force.  The  bacteria  are  often  enclosed  by  the  leukocytes 
and.  if  alive  when  thus  taken  up,  as  maintained  by  Mctschnikoff,  the) 
may  retain  their  vitality  even  when  transported  in  this  way  to  great  dis 
tances.  That  living  bacteria  do  pass  into  the  blood  by  way  of  th' 
lymph-passages  has  been  frequently  dcmon.strated ;  and  their  direc 
introduction  into  the  lymph-spaces  by  open  wounds  favors  this  modi 
of  transmission  very  greatly. 

Leaving  out  of  present  consideration  their  initial  local  effects,  man; 
of  the  bacteria  deposited  in  the  lymph-spaces  are  quickly  carried  to  th 
nearest  lymphatic  glands;  or  sometimes  they  may  set  up  a  more  o 
less  violent  lymphangitis.  This  inflammation  may  be  limited  to  rednes 
and  tenderness  indicating  the  lines  followed  by  the  lymph-vessels,  or  t 


may  be  of  a  suppurative  cliaracter,  in  which  case  one  or  more  absces<ie5 
will  develop  in  the  course  of  the  lymphatics. 

When  granulations  are  present,  the  older  and  more  highly  differen- 
tiated tissue  of  the  body  is  protected,  as  Billroth  argued  and  as  Leber 
his  so  well  demonstrated,  by  a  wall-like  agjjregation  of  leukocytes,  new 
conncctnc -tissue  corpuscles,  and  atlendant  new  blood-vessels.     The 
lymph-spaces  are  therefore  closed  toward  the  wound,  and  before  ihey 
can  be  opened  the  granulation-tissue  wall  must  be  broken  down.    This 
is  well  illustrated  by  the  well-known  clinical  fact  that  probing  an  old 
itnus  will  often  cause  an  erysipelas  to  develop — that  is,  the  probing 
causes  a  lesion  of  the  granulation-tissue  wall  through  which  the  bacteria 
cuter. 

W.  \ortfrl  has  rEceolIy  experimenlcd  upnn  ihU  subject.  He  denuded  large  surfaces  or 
Mdcdffp  pockeU  rn  the  back^  of  sheep  and  pacLed  or  dressed  them  with  sitrile  gnuze. 
Wkts  bcBlmir  {rnnulalion^  had  been  cstnliUshcd,  ei|>eriinrtits  with  microbes  and  loxiri^  were 
nnaal  As  inocuUlion  material,  culture*  of  splenic  fever  bacillus  were  uspd.  and  since 
ihci^Hp  ii  highly  suHreptible  fo  anlhrsx,  the  eiumnce  of  Ihe  bacilli  intti  the  btooci  would  be 
pnvd  bjr  ifie  animal' j  death  from  that  disease.  In  tin  case  when  ba<:leria  were  sptead  upon 
1^  Ddicl  granulations  was  an  inoculation  eifccted.  Control -animals  inoculated  with  a 
^Iti  miaiber  of  bacletia  and  over  a  much  smaller  surface  of  a  (resh  wound  died  in  thirty 
^•mn.  When  [he  granulations  were  injured  during  the  dresanes  the  anthrai  bacilli  found 
Btnun.  causing  the  animars  death,  liillrotli  had  pertortned  practically  the  same  eipeti- 
MQl, UHtKuting  granulating  wounds  on  the  backs  of  di^sand  applying  pus  from  .'Suppurating 
■■■B  ttooad^  upon  the  granulating  surface-  No  reaction  followt<l  ;  but  when  the  pus 
tntrpplied  to  a  fresh  wound,  syniptoms  of  inloxicaliun  and  7,eplicrini3  soon  developed. 

The  relation  of  the  lytnphatic  glands  to  the  resorption  of  bacteria  from 

:  cellular  tissues  is  most  important.     It  is  generally  conceded  that 

:  function  of  the  lymphatic  nodes  is,  so  far  as  infection  is  concerned, 

lo  filter  out  and  destroy  bacteria.     They  act  also  upon  bacterial  toxins. 

tkncent  studies  of  Jowf  lUlban  (1897)  have  added  much  to  our  Itiuiwledge  of  this 
■but  ud  air  worthy  of  consideration, 

Wkta  Ibe  yellow  pus  mic  tube  was  introduced  into  the  leg  tissues  of  an  ci  peri  mental  ani- 
■d,  wfioc  prnods  elaps^  before  the  bacteria  w^ere  demoiislr^ble  in  the  regional  glands. 
li(adng  lim  upon  the  mode  of  introduction,  tf  the  bacteria  were  not  suspended  in  fluid, 
te  iKTr  rtiUieil  into  Ihe  subcutaneous  tissue,  they  did  riot  appear  in  the  glands  until  four 
kaMvhdl  elam«d.  ■  1  in.um'-tance  due  to  the  lack  of  iluid  which  enahleil  the  microbes  to  l>e 
MImhi  quickly  by  the  lymphatic.  Again.  Ihe  itit  of  Ihr  in^clion  »'ns  found  to  be  inipor- 
VaL  If  the  flaid  wa^  ifilnxluced  into  the  muscular  tissue,  the  bacteria  were  discovered  in 
teflaidiai  the  rnil  of  one  hour.  Muscular  activity  was  considered  an  active  agent  in 
Bn|i  rapid  tnovement  of  the  mictolies  into  the  lymphatic  vessels. 

Mrn  (utptiMiig  and  novel  was  the  demonslratiun  that  «ome  kinds  of  bacteria  coutd  be 
'■wl  IB  lh»  cUikU  miK-h  sooner  than  others.  Thus,  the  Micrococcus  prodigiosus  wasdem- 
^ViUe  in  the  tr^ionnl  glanils  a  few  nonules  aflrr  injection  ;  the  Staphylococcus  pyog- 
<^  it  onr  hour.  aiHl  the  anlhrai  bncitliis  only  after  two  and  niichair  hours,  llalban 
^IfUat  thi>  dilfeTriicr  by  ar^uuij;  that  the  microbe*  arc  ntlarl,r(l  with  varying  energy  by 
<h rinds  n  thai  thiix-  nncro  oq^anisms  which  are  slightly  or  not  nl  ixtl  influrnied  iiie 
*fi^ doKauirmlile.  while  those  eneiceticnlly  desiniyed  are  driiionsitiible  only  alter  Ihcy 
ai^  ovuLWue  the  reuvling  power  of  the  gland-  Malban  showed,  furthermore,  that  the 
f**«i»jl  t^itina  an  drmttiilral'li  much  later  than  ihc  nun  (lalliogrmc,  and,  in  addition, 
^  Vi  Dntr  vrmlrni   the  mirrolie.  the  itHire  slowly  was  w.   susceptible  of  demonstration. 

What  th<  bacteria  gam  entrance  to  the  glands,  thev  arc  i/'i-fuiinj/LiW.'  •!/  finl  in  iniiill 
^■("i  tecmar  in  nuinbcr  rapidl).  reach  ti  nutimum.  iigain  nunicnciilly  diminish,  and 
^d^  VinpAf,  After  the  mictftbrs  have  oni  r  apjiearcd  in  the  glands,  one  or  two  hour^ 
(■■Bd  «lapw  viilt)  they  h.-ive  disajipeared.  There  is  now  ,1  lairni  jicriivl  in  which,  (or 
■^Df  «rtni  ho«irv  abiolutelv  no  micro  organisms,  or  in  unu>^ual  cases  50  or  60  baclena. 
*>i AmxmUe  in  tlir  regional  glanils.  After  this  latent  perioi),  the  tmcieria  again  appear 
■  W«re,  a  naiimuin  i<  reached,  the  nuinbrt  diminishes,  and  al  lenulh  I  hey  disappear 
V>K  'rhi'  ,ene>  of  changei  can  be  repciitui  n  number  of  times,  the  fm.-il  nutrome  depend 
^t^vWltiM  111*  bacteria  ate  |>*thogeiiic  or  not.  The  nonpathogenic  linally  dtsBp|>rjT 
■Wiri|i  hM  iImt  pathniccnic   increav  and    lead  at    lust  t.,  the  death  of  the  animal.      The 
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alternating  appenrHnce  and  disappearance  of  the  bacteria  represent,  accordiug  to  Halban, 
ihe  varying  struggle  of  the  bacteria  with  the  boctericidal  elements  of  the  glands.  "  Now," 
says  Halbaii.  '■  if  wc  represent  graphically  tliis  cyclical  appearance  and  disappearance  of 
Iho  bacteria  by  a  curve  in  wbich  tbe  abscissas  indicate  the  lime  and  the  ardinates  (he  fjuan- 
txly  of  bacteria,  we  obtain  a  curve  whitii  siningly  recalU  the  temperature-cunes  which  we 
arc  accustomed  to  see  in  septic  diseases.  And  since  my  Inter  experiments  have  shown  roe 
tbat  a  certain  congtuity  exists  in  the  relation:^  between  the  internal  organs  and  (he  lymph' 
glands,  it  seems  (n  me  ihal  in  Uiis  cyclical  appearance  and  disappearance  of  the  bacteria  in 
(he  organs  we  have  an  cKperimenlal  basis  for  understanding  the  remarkable  fever  relations 
in  septic  disease*^." 

Another  striking  fact,  susceptible  of  easv  clinical  verihcaiion,  is  ex  penmen  tally  itenion- 
strated  by  H alban.  The  glands  res]joiiii  to  infection  by  a  rajiid  iut  nasc  in  Ihiir  lymphoid 
subUance.  After  ti-n  days'  local  infcclion  with  Staphylococcus  pyogenes,  the  volume  of  the 
regional  glands  is  augmented  twenty  i.ir  twenlv-five  times,  without  any  microscopical  change 
citccpt  the  increase  in  the  lymphoid  substance.  Halban  adds  that,  in  spite  of  the  presence 
of  a  local  abscess,  the  stajjhylucocci  in  tbe  enlarged  regional  glan<ls  are  scarce  [  somelimes 
300),  Hence  he  concludes  that,  with  ihc  increase  in  (he  number  of  bacteria  gaining  en- 
trance inlu  the  lymphatic  vessels,  (lie  glands  themselves  increase  in  size  until  they  are  able 
10  CO[»e  with  the  mitrubic  enemies  and  prevent  their  growth  in  (he  gland- sub s(aiice.  Tha( 
the  non- pathogenic  bacteria  i>a-ss  through  the  lymphatic  glaiid.s  is  ptot'cd  by  (he  fact  tliat 
they  were  found  in  the  viscera  a  few  minutes  after  injection  ;  but  the  pathogenic  ocgan- 
isms  (nade  their  ap{)earani:e  there  only  when  many  hours  had  elapsed  after  tbey  had  been 
observed  in  ihe  lymph -glands. 

Pyogenic  bacteria  once  introduced  into  the  blood  may  grow  then 
and  increa.se  in  number,  producing  septicemia;  they  and  their  product' 
may  be  killed  or  neutralized  in  the  blood  by  the  action  of  the  chemica 
bodies  called  by  Buchner  sozins  and  alexins,  and  by  t!ie  leukocytes 
they  may  be  deposited  in  various  distant  structures,  where  they  becoini 
locally  active  and  institute  pyemia ;  tiiey  may  be  destroyed  by  the  tissue 
cells  of  the  parenchymatous  organs — liver,  -'ipleen,  bone-marrow,  etc. 
or,  finally,  they  may  be  excreted  in  a  living  state  by  the  glandula 
excretory  organs. 

Pathologists  are  now  inclined  to  regard  t!ie  pyogenic  staphylococt 
as  the  organisms  most  frequently  engaged  in  inetastalic  stippurativ 
processes,  while  the  streptococci  are  thought  to  limit  their  activit 
more  closely  to  regional  iiiflanimalion.  Nevertheless,  there  are  som 
clinicians  (v.  Bergmann)  who  strongly  oppose  the  notion  that  we  ca 
legitimately  separate  the  micro-organisms  in  this  way.  For  the  presei 
we  must  forego  the  temptation  to  draw  hard  and  fast  lines  between  ll 
septic  effects  produced  by  these  great  pyogenic  groups. 

The  gonococci  are  now  proved  to  be  capable  of  producing  not  on' 
local  but  metastatic  pyogenic  effects.     Wertheim  has  shown,  by  caref 
microscopic  examination  of  an  excised  piece  of  bladder  mucous  mec 
brane  from  a  case  of  gonorrheal  cystitis,  that  "  in  the  epithelium  ai 
connective  tissue  an  extraordinary  number  of  gonococci  were  presei 
In  the  submucous  tissue  there  was  a  considerable  number  of  capillar! 
and  very  small  vessels  filled  with  gonococci,  partly  degenerated  ai 
partly  well  ])reserved.     In  many  places  there  was  complete  ob-stru 
tion  of  the  lumen;  in  others  a  mural  projection  was  seen.     The  gon 
cocci  were  found  only  in  capillaries  and  in  the  precapillary  veins,  wh 
the   arteries  were  free."      Prof  Jadassohn    adds   that   in    this  way  it 
shown  that  metastases  of  the  gonorrheal  process  can  occur,  and  th, 
too,  through  a  true  gonorrheal  thrombophlebitis.     That  the  joints 
gonorrheal  rheumatism  contain  gonococci  has  been  proved  by  numi 
ous  cultural  as  well  as  bacterioscopic  examinations,    Welch  has  shoi 
that  endocarditis  in  association  with  other  pyemic  morbid  changes  m 
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be  due  to  the  action  of  gonococci.  Gonorrheal  arthritides  and  the 
associated  vLsceral  pyogenic  lesions  are  to  be  regarded  as  expressions 
of  true  gonorrheal  pyemia. 

Not  only  gonorrheal  rlioumatism  but  also  acute  rheumatic  poly- 
uthritis  is  to  be  regarded  as  of  a  septic,  if  not  pyemic,  character. 
Numerous  observers  (Gultmann,  Sahli,  Barbier)  have  found  pyogenic 
coed  in  the  joints  in  acute  rheumatism  ;  but  no  specific  organism  has 
thus  (ar  tx-cn  found.     The  fact  that  an  angina  has  preceded  many  cases 
of  the  disease  (older  writers,  and  later  Buss,  Eichhorst.  J.iccoud)  has 
scenKd  to  lend  probability  to  the  infection  theory  by  supplying  a  dem- 
onstrated atrium.     Then,  again,  the  clinical   signs  are   typical   of  a 
mctasiatic  affection,  and  the  post-mortem  findings — cloudy  swelling  of 
the  myocardium,  liver,  and  spleen,  and  the  frequent  endocarditis — .seem 
to  point  with  conclusiveness  to  the  pyemic  character  of  the  malady. 
For  the  present,  however,  we  await  further  bacteriological  study  of 
tbe  disease 

Fatholog^cal  Anatomy. — In  those  violent  cases  of  sepsis  in 
wlui.!i  death  takes  place  within  a  few  hours  after  the  infection,  a  careful 
uulutnical  study  of  the  tissues  at  the  autopsy  may  reveal  no  lesions 
itidnuy  fail  to  throw  light  on  the  nature  of  the  disease.  Dependence 
is  then  to  be  placed  upon  the  disct  ivery  of  the  active  pathogenic  agents 
by  cultural  methods,  using  material  from  the  blood,  the  bone-marrow, 
intj  [he  viscera,  while  the  clinical  hi.story  has  often  to  be  utilised  in 
making  up  the  diagnosis,  es|)ecially  where  no  infection  atrium  can  be 
(iiund.  But  if  the  di.seasc  has  not  been  so  quickly  fatal,  if  the  toxins 
»rt  free  by  the  micro-organisms  have  had  time  to  act,  and  if  ele- 
vated (emperaturc  has  for  a  time  exercised  its  influence  upon  the  body, 
miny  of  the  tissues  will  present  evidences  of  (-/cffi/r  JT(r//f//g'  or  even 
of  titiy  dc^jencration.  We  are  told  in  the  textbooks  on  pathological 
uuiomy  and  clinical  medicine  to  expect  an  enlarged  spleen.  But  the 
(fdeoi  is  often  of  ordinary  size,  even  in  cases  in  which  the  blood  find- 
ing* arc  positive  (M.  Hahn).  The  spleen  when  enlarged  constitutes 
often  a  palpable  mass  in  the  left  hypochondrium.  and  is  often  referred 
to  dintcally  as  an  acute  .splenic  tumor  or  swelling.  On  pressure,  the 
polp  )iclds  readily  to  the  finger,  and  inspection  shows  a  minimum  of 
CoiBtectivc  tissue.  A  large  quantity  of  blood  in  the  organ  helps  to 
pit  the  tissue  a  bright  red  appearance.       The  meiyrenc  of  the  long 

IWj  i-t  similarly  softened,  redder  than  usual,  and  congested  (Kolisko). 
ll  "411  be  veen  that  these  indirect  or  remote  changes  are  not  peculiar  to 
pwcnic  disease,  but  are  common  to  the  acute  infections. 
Much  more  characteristic  are  the  morbid  alterations  which  follow 
ffl  Ihe  direct  track  of  the  infection.  At  the  infection  atrium  nothing 
"By  he  found — a  few  hours  may  .suflice  for  the  closure  and  obliteration 
rf  the  wound  (c  ^.,  a  hypodermic  puncture),  Sepsis  taking  origin  in 
k      tliiiviy  U  clinically  known  as  a  cryptofrenetic  or  spontaneous  Infection. 

^V  Ijriv  ha*  dr«ribc«t  a  nunibrr  of  \\n-\\  c  iisc<  ami  h.i>  laiil  cl.*uii  niles  for  ihcir  ftiugnii^b  ; 

r         ^MHllif  ■  Ucdl  Inion  will  l>r  iiolrd — .1  simple  .Tli'ifcS5,  a  *|>rcacliii(;  phlepnonom  inflnm- 
I  ^^^  or  k  (r<u«  lid  ftuppurntion  umier  prr4(.urf.      Koch^r  ca1l»^  aUrnlion  to  llir  T^icl  ihjit 

^^■k  ur«ctk»i  i«  nuiir  likdy  tii  ociiir  when  thcr  lisilcria  at  ihr  prinury  «ile  uf  iliwiv 
bn  W  *■  KIDW  agBintt  miirli  ccllatar  irii^Kixr.  In  th><^  '•n)'.  if  <lie  haclrrii  nvticnmc 
Ath^H,  ihrr  will  h*Tc  ■  hcighicnnl  vinilcncp.  Kiichcr  cites  caw!  from  his  oirn  pnc- 
I^B  vluFii  tbc  (Mlnimyrlilii.  futin  a>(  )iycmi»  occurtnt  sMrt  such  primary  infeclioiu. 
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A  carbuncle  is  especially  prone  to  produce  septicemia  because  the 

toxins  of  the  pus-microbes  arc  forced  rapidly  into  the  circiiiation  and 
because  the  bacteria  themselves  can  easily  pass  into  the  lymphatics  or 
even  into  small  veins. 

When  extensive  surfaces  capable  of  very  rapid  absorption  are  sud- 
denly flooded  with  infected  fluids,  acute  toxemia  is  likely  to  result  very 
quiclvly  in  death.  An  example  of  such  a  morbid  anatomical  catas- 
trophe is  to  be  found  in  the  rupture  into  the  abdominal  cavity  of  a  gall- 
bladder distended  with  pus  or  mucopurulent  fluid.  But  when  acute 
chemical  poisoning  is  withstood,  the  system  is  swept  with  bacteria, 
which,  by  way  of  the  blood,  are  carried  in  a  few  minutes  to  all  parts  of 
the  body.  These  organisms  may  be  demonstrated  then  in  the  blood 
and  in  the  parenchymatous  viscera. 

The  present  consensus  of  opinion  among  bacteriologists  is  that  the 
streptococcus  of  Fehleisen,  which  was  once  thought  to  be  the  specific 
microbe  of  erj'sipela.'s,  is  capable  of  producing  suppuration.  This 
means  it  is  identical  with  Streptococcus  pyogenes.  Fetruschky  reports 
a  number  of  cases  in  which  the  same  organism  was  cultivated  from  the 
erysipelatous  skin  and  from  abscesses  in  the  same  patient,  evidently 
anatomically  connected  with  the  dermatitis.  Krj'sipeias  has  long  been 
recognized  as  a  fruitful  source  of  blood-poisoning.  Many  observers 
have  shown  that  during  attacks  of  erysipelas,  strejitococcus  abscesses 
occur,  and  that  the.se,  as  well  as  other  forms  of  septic  disease,  arc 
common  either  in  the  course  of  erysipelas  or  as  sequela;. 

The  clianges   taking   place  in  the    lymphatic  vessels  engaged  Jr 
carrying  pyogenic  organisms  from  an  infection  atrium  may  be  so  slighl 
that   no    clinical   or   post-mortem    change   can   be   made   out.     But    < 
lymphangitis  often  occurs — indicated   clinically  by  red   lines  wideninj 
here  and  there — running  over  the  skin  if  the  inflammation  be  near  thi 
surface  of  the  body,  and  converging  toward  the  lymphatic  glands  ol 
the  region.     This  lymphangitis  may  become  locally  violent  and  termi 
nate  in  suppuration.    The  vessel  then  becomes  the  center  of  an  abscess 
Such  absce.sses  may  form   in   numbers  along  the  course  of  the  lym 
phatic  vessels.     As  a   rule,  however,  the  bacteria  proceed  to  the  re 
gional  glands  without  suppurative  lymphangitis.     The  morbid  change 
in  the  glands  we  have  already  described  for  those  instances  in  whic 
suppuration   fails.      It  is  always  possible,   however,  that  a  flood  o 
microbes  may  be  carried  to  the  regional   glands  by  the   lymphati 
vessels  with  such  rapidity,  and  in  association  with  so  much  bacterii 
poison,  that   the    cells   are    unable   to   dispose   of  them.     Snfipurati^ 
lymphadcmlis  will  then  be  found.     In  the  cut  section  of  the  glanc 
small  isolated  absce.sses  may  be  noted  located  in  the  mid.st  of  the  pulj 
or,  at  a  later  .stage,  the  gland-capsule  may  contain  nothing  but  a  brokei 
down  ma.ss  of  shreddy  tissue  mixed  with  pus.     Naturally,  such  glanc 
are  not  only  inc.ipable  of  further  protcctiiig  the  system,  but  are  then 
selves  a  menace  to  its  welfare,  constituting  new  foci  of  disea.se.     Tl 
resisting  fibrous  capsule  soon  breaks  down  altogether  at  some  poir 
and  the  pus,  escaping  into  the  loose  areolar  ti.ssue,  forms  abscessi 
( peri-adtfntis). 

Once  the  microbes  have  passed  the  lymphatic-gland  barrier,  the 
are  poured  with  the  lymphatic  current  into  the  blood.     Swiftly  thi 


tnlillratiurv  of  muscular  luiile  wilh  slIl^placoCL'i  in  n  case  or  septicemiB  of  man.  1'1ie 
bliMxI'VcucU  contain  numerous  leukocytes,  but  tiun«  are  fuund  in  llic  suttuuhding  connective 
tiisue  iWniren's  SWf^\-ii/  Palhalogy). 


(*apillM]r  eniliotiu  of  Birc|i(i)cocci  in  a  sarcoma.     A  Mund-cell  inKltratian  in  seen  in  ilie 
Flarcoinaloui  liuue  about  tbe  embolus.      (I^e  a(  fatal  sBptlcemia, )      (Wairen't  SHrgi.-jt 
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arc  bome  to  all  parts  of  the  body,  being  constantly  subject  to  the 
destructive  influence  of  the  leukocytes  and  the  chemical  protective 
bodies  of  the  serum  (sozins  and  alexins  of  Buchner),  until  they  are 
ehher  destroyed  in  the  blood-current  or  in  the  capillaries  of  the  vis- 
cera (spleen,  liver,  etc)  and  in  the  red  bone-marrow,  or  arc  excreted 
by  the  cmunctory  glands.  Hut  while  they  are  alive  in  the  blood,  they 
may  be  found  clinically  or  post  mortem  by  cultural  methods.  The 
loxins  of  the  bacteria  are  also  to  be  Joiirui  in  tlu'  circulating  blood,  as 
we  know  from  Marmorek's  experiments,  in  which  it  was  shown  that 
for  a  month  after  recovery  from  streptococcus  infection,  the  serum  of 
the  animals  used  was  poisonous  to  other  individuals  of  the  <tanie  spe- 
cies. Antitoxins  are  also  developed,  as  already  shown  (Marmorek, 
Petersen;  denied  by  Lubarsch). 

A  leukocytosis  (temporary  increase  in  ihe  number  of  white  blood- 
corpuscles)  is  the  common  result  of  suppuration,  and  occurs  as  well  in 
septicemia  and  pyemia. 

Changes  in  the  blood-vessels  occur  in  both  septicemia  and  pyemia; 
but  It  is  chiefly  in  connection  with  pyemia  that  the  subject  has  to  be 
considered.  The  micro-organisms  get  into  the  blood  in  two  well- 
recognized  ways :  first,  by  the  lymphatic  route  already  described ; 
second,  by  the  direct  invasion  of  the  blood-vascular  walls.  (The 
direct  entrance  of  pathogenic  organisms  into  the  small  vessels  of 
wounds,  as  upheld  by  Schimmelbusch,  is  denied  by  Halban.) 

When  an  abscess  develops  about  a  vein,  thrombophlebitis  occurs,  the 
process  beginning  in  the  adventitia  of  the  vessel,  which  responds  to 
infection  exactly  as  would  any  other  vascularized  connective-tissue 
structure.  If  drainage  is  not  effected,  the  wall  of  the  vessel  becomes 
more  and  mnre  inflamed  by  contiguity  of  tissue  until  the  intima  is 
reached.  This  membrane  becomes  swollen  and  ill  nourished,  and  no 
I*Miger  supplies  those  well -recognized  conditions  upon  which  the  in- 
tegrity of  the  blood  depends — in  other  words,  coagulation  occurs.  It 
ts  most  important  to  remember  that  the  thrombus  formed  is  at  first 
aseptic,  and  remains  .so  until  bacteria  have  invaded  it  in  the  same  way 
that  the  wall  of  the  vessel  was  attacked — /.  f.,  by  contiguity  of  tissue, 
and  not  by  rapid  dis.semi nation  through  fluids.  That  the  thrombus  is 
at  first  aseptic  is  proved  by  the  fact  that  the  emboli  set  free  fnim 
thrombi  in  the  sinus-phlebitis  of  otitis  do  not  produce  secondary  ab- 
scesses. Tlic  wall  of  the  thrombosed  vessel  is  more  and  more  invaded 
by  the  microbes  until  it  is  broken  down  altogether  at  certain  points. 
In  simple  infections,  purulent  hquefaction  of  the  wall  takes  place,  the 
natural  color  of  the  vessel  giving  place  to  a  dirtj'  gray,  and  tlie  thinned 
wall  jiclding  at  some  point  to  slight  pressure  of  the  probe.  The  sup- 
puratiw  changes  involve  the  vessel-wall  as  far  as  it  is  surrounded  with 
ptti  The  thrombus  may  extend  only  a  short  distance,  or  it  may 
^iread  many  inches  along  the  course  of  the  vessel,  and  may  even  run 
oot  into  branches  of  the  chief  vein.  At  first,  as  has  been  said,  the 
thronbiis  i«  not  infected.  It  is  firm  and  elastic,  and  gives  the  vessel 
a  cord-like  feeling  upon  palpation.  But  when  the  pyogenic  process 
ha»  liquefied  a  p;irt  of  the  vessel-wall,  the  microbes  flourish  in  the 
coi^tated  blood,  which  offers  but  little  mechanical  or  vital  resistance, 
9Bd  spectiily  becomes  broken  down  (partly  liquefied)  into  a  semi-fluid 
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mass  in  which  parts  of  the  thrombus  float.  When  no  portion  of  the 
infected  thrombus  intervenes  between  the  broken-down  part  of  the 
vessel's  contents  and  the  fluid  blood,  the  conditions  required  for  the 
occurrence  of  embohsm  art;  furnished,  masses  of  infected  thrombus  are 
carried  to  distant  viscera,  and  infected  infarcts  are  produced,  resulting 
in  the  formation  of  secondary  or  metastatic  abscesses.  Should  the 
abscess  about  the  vein  be  drained,  and  an  exit  be  afforded  for  the 
broken-down  matter  in  the  vein,  the  suppurative  process  may  be  ar- 
rested, and  the  uninfected  thrombus  may  form  an  effective  temporary 
barrier  to  the  further  spread  of  the  disease  into  the  blood.  This  tem- 
porary barrier  may  be  converted  into  a  permanent  one  by  the  sub- 
stitution of  connective  tissue  growing  from  the  vessel-wall  for  the 
thrombii.s. 

When  emboli  are  carried  into  the  blood,  they  are  not  arrested  in 
their  course  until  they  reach  a  part  of  tlie  vascular  tubage  which  has 
a  smaller  diameter  than  tliat  of  the  embolus.  Their  arrest  is  therefore 
a  mechanical  matter.  Abscesses  may  or  may  not  develop  from  in- 
fected emboli.  The  emboli  may  not  carry  a  suflicient  number  of 
micro-organisms  to  the  point  of  arrest  to  overcome  local  resistance ; 
other  conditions  of  infection,  also,  may  be  absent.  But,  as  a  rule,  the 
conditions  are  highly  favorable  for  infection,  because  the  plugging  of 
the  vessel  produces  an  area  of  imperfectly  nourished  tissue  in  which 
the  microbes  rapidly  flourish.  First,  an  endarteritis  occurs  at  the  site 
of  embolism  ;  the  vessel-walls  are  successively  invaded,  this  time  from 
within  outward,  and  the  pus,  having  got  into  the  perivascular  tissue, 
speedily  finds  its  way  about  the  wedge-,  cone-,  or  cylinder-shaped  mass 
of  anemic  tissue.  When  such  a  morbid  anatomical  incident  has  oc- 
curred, a  sphacelus  may  sometimes  be  found  in  parenchymatous  organs, 
surrounded  by  pus.  Should  the  embolism  have  occurred  in  the  bone, 
a  sequestrum  will  be  formed. 

It  is  in  the  bones,  however,  that  localization  of  bacteria  from  the 
blood  is  especially  prone  to  occur  by  the  process  known  as  mural  im- 
plantalum.  Micro-organisms  floating  in  the  blood,  finding  points  in 
the  smaller  vessels  and  capillaries  where  the  current  moves  but  slowly, 
become  arre.sled,  and,  together  with  white  corpuscles,  endothclia,  and 
fibrin,  produce  thrombi  in  which  the  bacteria  grow.  Various  circum- 
stances, such  as  anatomical  conformation,  exposure  to  cold  and  trauma, 
furnish  opportunity  for  the  mural  implantation  of  microbes.  Doubtless 
many  such  localizations  result  in  the  death  of  the  bacteria  and  local 
healing:  but  abscesses  beginning  in  the  endothelium  of  the  vessel  and 
extending  through  the  vessel-wall  into  the  surrounding  tissue  are  very 
commonly  found  in  pyemia. 

The  kidneys  are  especially  prone  to  purulent  inflammations  on 
account  of  the  fact  that  they  excrete  bacteria  (Biedl  and  Kraus). 
These  inflammations  often  affect  the  glomeruli,  in  which  the  circula- 
tion is  slow. 

Of  course,  the  greatest  number  of  emboli  find  lodgement  in  the //^/j^'-j, 
since  the  majority  of  vessel-invasions  occur  on  the  venous  side  of  the 
circulation.  Hut  the  branches  of  the  pulmonary  ves.sels  are  relatively 
large,  and  many  ma.sscs  are  small  enough  to  pass  through  them  into 
the  pulmonary  veins,  which  deliver  them  to  the  systemic  circulation. 
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ihrough  which  they  are  carried  to  the  remotest  parts  of  the  body.  The 
dis-tribution  and  lodgement  of  emboli,  then,  correspond  in  large  measure 
ttuli  the  distribution  of  the  blood-mass,  many  being  observed  in  the 
liver,  brain,  spleen,  kidneys,  etc. 

Symptoms  and  Cotirse. — The  symptoms  and  course  of  pyogenic 
baOcricmia  are  very  variable,  so  much  so  that,  until  very  recent  times, 
attempts  were  wclt-nigh  universally  made  to  divide  the  disease  into  a 
number  of  parts  corresponding  to  its  clinical  manifestations.  At  the 
risk  of  sonic  clinical  confusion  we  are  obliged,  as  we  must  always  do 
when  possible,  to  preser\'e  the  unity  of  pathology  and  describe  under  a 
imgic  general  heading  all  the  symptom -groups  of  the  malady. 

Common  to  all  acute  form.s  of  pyogenic  bactericmia  arc  certain 
symptoms  alread)-  referred  to  as  due  to  the  nsarplion  of  toxic  substances 
elaborated  by  the  microbes.  The  circulatory  mechanism  is  usually 
proToundly  affected  by  the  activity  of  these  chemical  sub.staiices.  The 
ntarls  action  becomes  rapid,  the  tension  of  the  blood  in  the  arterial 
sj'sicm  is  lowered,  and,  when  fever  and  into.vication  are  at  their  height, 
tile  skin  presents  a  bluish  appearance,  due  to  the  stagnation  of  the 
venous  blood.  As  septic  poisoning  deepens,  and  the  bacteria,  over- 
coming local  and  regional  resisting  forces,  migrate  to  distant  parts  of 
the  body,  the  heart  beats  more  and  more  rapidly,  the  pulse  often  run- 
ning up  to  150  and  more  per  minute,  until,  just  before  dissolution,  it 
cannot  be  counted. 

The  temperatiir^-rezoTd  is  in  some  forms  of  septicemia  almost  char- 
acteristic, as  we  shall  see.  The  manifest  tendency  in  subacute  sepsis  is 
.fcrlhc  temperature,  after  a  sudden  rise  to  104°  F.  or  more,  to  become 
■Wcr  every  morning,  only  to  rise  to  the  maximum  toward  evening.  In 
P>"cniia  in  its  various  forms,  chiKs.  often  verj*  violent,  are  the  outward 
manifestations  of  metastatic  movements  of  the  bacteria,  which  result  in 
the  formation  of  secondary  and  tertiary  abscesses.  When  recovery 
&om  sepsis  takes  place,  the  fall  in  temperature  to  normal,  or  almost  to 
normal,  is  often  surprisingly  rapid,  if  the  primary  focus  of  infection  is 
*iuickly  removed,  as  by  amputation.  When  recover}'  is  due  to  slow 
"iraiiugc,  the  temperature-curve  returns  gradually  to  the  normal  line, 
Out  tile  morning  remission  already  mentioned  continues  to  recur.  A 
fonarkablc  fact,  giving  rise  to  the  greatest  clinical  difficulty,  is  to  be 
"^wdin  the  circumstance  that  the  tem]>eratu re-elevation  is  often  slight 
^  Compared  with  the  pulse-rate.  In  other  words,  the  pulse-rate  may 
mdicait;  profound  sepsis,  while  the  temperature  may  be  comjiaratively 
'"■  This  la  due,  it  seems,  to  the  fact  that  certain  pyogenic  organisms 
eiabdfaic  not  only  a  chemical  body  which  elevates  the  temperature,  but 
"If  which  tends  to  lower  it.  The  preponderance  of  the  latter  in  the 
.oyproilucts  of  the  micro-oi^anisms  of  a  given  case  lowers  the  tem- 
Ifaature,  while  the  heart,  uninfluenced,  beats  rapidly.  This  is  especially 
'^t  of  certain  forms  of  sepsis  taking  origin  in  abdominal  pyogenic 
*^«:tion*. 

T1ic  nmvus  system  is  at  times  stimulaUd  by  sepsis,  so  that  the 
:  does  not  realize  his  own  jeopardy  ;  but.  for  the  most  part,  de- 
hdh  is  noted.     For  the  first  few  days  the  patient  sleeps  much,  is 
\  nith  some  difficulty,  responds  slowly  to  questions,  and  will  lie 
"f  hours  in  a  state  of  stupor.     At  first,  the  mind,  though  acting  slowly. 
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is  clear ;  but  later,  hebetude  is  followed  by  stupor,  stupor  by  coma,  and 
coma  by  death. 

Tlic  mpiratury  system  is  active  enoutjh  in  the  milder  forms  of  sepsis  ; 
but  a  bluish  tinge  of  the  face  is  usually  seen  as  the  poisoning  deepens, 
proving  that  the  blood  is  but  imperfectly  aerated. 

The  glands  of  the  skin  and  of  the  miicou.s  membranes  are  not  active 
in  sepsis.  Tiie  tongue  becomes  dry  and  coated  ;  and.  as  the  disease 
advances  and  deepens,  becomes  marked  by  reddening  of  the  edges, 
pointing  of  the  lip,  and  the  collection  of  sordes  upon  the  dorsum. 
Perspiration  is  often  profuse,  and  the  loss  of  a  considerable  volume  of 
water  in  thi.s  way  may  cause  a  temporary  feeling  of  tiepression.  Since 
bacteria  are  known  to  be  excreted  by  the  sudoriparous  glands,  the  use 
of  violent  siidorifics  has  been  proposed  as  a  therapeutic  measure  in 
sepsis  ;  but  the  injurious  eifects  of  these  agents  on  other  functions  has 
prevented  them  from  becoming  popular. 

That  form  of  septicemia  in  which  no  focus  of  suppuration  exists,  but 
in  which  a  fresh  wound  is  infected  with  bacteria  which  seem  to  pass 
rapidly  into  the  blood,  is  sometimes  spoken  of  as  primary  scptkania. 
This  form  is  especially  dreaded  because  of  our  inability  to  guard  against 
it,  from  the  fact  that  the  wound  may  be  an  accidental  one,  that  the 
extreme  virulence  of  the  infection  can  be  known  only  by  the  outcome, 
and  that  treatment  is  usually  of  no  avail.  We  refer  to  those  violent 
forms  of  infection  in  which  the  prick  of  a  pin  or  a  needle  is  followed  by 
death.  Medical  men  are  especially  in  dread  of  such  infection.s.  In 
making  post-mortem  examinations,  especially  of  fresh  bodies,  inocula- 
tion may  be  effected  through  a  slight  punctured  wound.  The  infectious 
material  is  of  especial  activity  when  it  is  derived  from  fresh  bodies  in 
which  the  microbes  have  flourished  before  death,  so  that  their  virulence 
is  likely  to  be  heightened,  especially  if  they  have  had  to  grow  against 
a  considerable  tissue-resistance,  as  in  peritonitis  or  acute  absces.s-forma- 
lion.  The  operator  thinks  nothing  of  the  puncture  he  has  received, 
often  docs  not  interrupt  his  work  to  dress  the  wound,  and  is  surprised 
a  few  hours  afterward  to  find  himself  suffering  from  a  chill  followed  by 
high  temperature.  .\  few  red  lines  running  up  the  arm  to  slightly 
swollen  lymph-glands  call  attention  to  lymphangitis  and  beginning 
lymphadenitis,  and  make  more  certain  the  diagnosis  of  acute  septi- 
cemia. Delirium  followed  by  coma  is  associated  with  all  the  other 
signs  of  violent  depressant  intoxication,  the  pulse  and  respiration  be- 
coming more  and  more  enfeebled  until  death  ensues.  In  such  extremely 
violent  cases  of  blood-poisoning  we  must  assume  that  the  noxious 
agent  is  bacterial,  that  the  micro-organisms  are  of  exceptional  viru- 
lence, and  that,  in  spite  of  the  resisting  power  of  the  tissues,  they  are 
capable  of  growing  very  rapidly  and  of  elaborating  their  toxic  products 
with  great  rapidity.  The  Streptococcus  pyogenes  is  the  microbe 
usually  thought  to  be  active  in   these  cases. 

Much  less  acute  and  violent  is  the  usual  form  of  septicemia.  When 
a  patient  has  had  for  some  time  a  focus  of  suppuration  which  has  drained 
but  poorly  or  not  at  all,  blood-poisoning,  which  in  this  case  may  be  called 
sctoiiifary  siptkciiiia,  is  likely  to  set  in.  The  bacteria  make  their  exit 
from  the  abscess-cavity  through  its  walls,  ruptured  by  tension  or  by 
violence  {e.  g.,  by  the  surgeon's  knife),  and  are  carried  to  the  blood  by 
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Uw  Ijinphatics.     The  long-conlinued   resorption   of  toxins  from  the 
pent-up  bacteria  causes  a  remarkable  lowering  of  ihf  resisting  power  of 
the  blood  and  distant  tissues,  so  that  the  bacteria  are  able  easily  to  pro- 
duce their  characteristic  efTects  upon  them.     When  the  surgeon  knows 
that  his  drainage  is  imperfect,  he  fears  that  a  daily  afternoon  rise  of  tem- 
perature with  morning  remissions  denotes  a  beginning  septicemia.    The 
morning  temperature  may  recede  to  normal  or  even  to  a  point  below 
normal;  the  evening  teniperalure  goe.s  up  to  103°  or   105°   F.     The 
pabent  is  bathed  in  a  sour  perspinition  when  the  fever  is  high.     The 
urine  is  correspondingly   high-colored  and  scanty,  and  may  contain 
slbumin  and  casts.     The  tongue  becomes  coated  on  the  dorsum,  dr\', 
often  cracked,  and  red  at  the  edges.     The  breath  is  often  foul  smelling. 
The  pulse  is  usually  rapid  and  feeble.     The  bowels,  at  first  inclined  to 
be  confined,  are  in  the  later  stages  often  rela.xcd,  and  the  passages  thin 
ind  foul  smelling.     The  mind  for  some  time  is  capable  of  responding 
to  demands  of  the  will,  .so  that  when  the  patient  makes  effort  he  can 
concentrate   his   attention  and   answer  questions.     Hebetude  is  early 
observed,  however,  the  patient  often  lying  for  hours  in  a  stupor  unless 
aroused  to  take  nourishment  or  medicines.     These  so-called  "  tj'phoid  " 
sjmptoms  deepen,  as  time  passes,  into  a  comatose  state  in  which  the 
passages  are  involuntary,  foods  are  taken  only  when  poured  itilo  the 
mouth,  the  skin  becomes  dry  and  harsh,  the  pulse  becomes  r.ipid  and 
feeble,  and  death  is  ushered  in  by  failure  of  the  circulation  and  respira- 
tion— sometimes  due  to  hypostatic  pneumonia.     The  likeness  of  this 
Ibnn  of  septicemia  to  tj'phoid  fe\'cr  (which  is  regarded  by  many  as  a 
spcdAc  form  of  intestinal  septicemia)  is  so  marked  that  close  differentia- 
tion is  sometimes  necessary.     Septicemia  of  this  clinical  varietj'  may  be 
nc  to  staphylococci  as  well  as  to  streptococci ;  and  it  may  be  associated 
th,  ur  follow,  abscesses  or  erysipelas.    Slow  septicemia  may  go  on  for 
months,  as  ever}'  surgeon  of  e.vperience  can  testify.     The  writer  recalls 
the  case  of  a  man  who  had  had  several  ecra-sements  for  tuberculosis  of 
Ac  knee  and  tubercular  sinuses.     The  suppuration  at  the  site  of  mixed 
infection  continued  in  spile  of  drainage-tubes  pas.sed  through  the  knee 
»nd  leg  in  all  directions  :  the  patient's  resisting  power  diminished  instead 
growing,  and   the  daily   ri-sc  of  temperature   became  greater  and 
iter.     Marasmus  increased  until  the  patient  was  reduced  to  a  con- 
ifiiion  of  debility  pitiable  to  see.     At  this  juncture,  the  formation  of 
mrtasbitic  abscesses  (pyemia)   being    feared,   amputation   through   the 
thi^'h  w-as  performed.     The  patient  was  in  one  week  a  changed  man. 
His  tcmjx^rature  became  normal,  his  sweats  ceased,  his  urine  cleared, 
anil,  in  ;i  word,  he  made  a  rapid  recovery.     As  he  was  a  tall  man  and 
ilud  l(Mt  much  weight,  he  gained  more  than  fifty  pounds  during  the 
rebound  to  health. 

The  chronkily  or  the  acttUiifSS  of  septicemia  is  due  to  a  variety  of 
Ofomistanccs  affecting  the  host  as  well  as  the  microbic  parasite,  and  we 
|an  by  no  means  conceive  that  there  is  any  quality  inherent  in  the 
» micro-organisms  alone  which  necessarily  brings  about  a  given  course 
of  the  disease.  Recognizing  the  imjHjrtancc  of  removing  or  ameliorating 
*ll  conditions  that  favor  the  spread  of  the  micro-organism,  it  is  clearly 
all  the  more  our  duly  to  recognine  the  non-essential  character  of  sepli- 
Mnb  in  order  to  combat  it. 
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Flii,  40. — Pyemic  abscess  of  thf  kidney :  <i, 
crnlral  dead  [issue :  t,  iUfipurjlive  zone  :  c,  lune 
of  gnnulalion-lissuc  ,  d.  embolus  in  a  branch  of 
the  renal  arlcry;  /,  c,  small  infillrated  suppura- 
live  spois  mioma). 


Pyemia  is,  as  we  have  said  before,  not  to  be  sharply  distinguislied 
from  septicemia,  since  it  difftTs  from  it  only  in  the  formation  of  meta- 
static pyogenic  deposits.  The  typical  cases  of  pyemia  are  easily  dis- 
tinguishable clinically  from  septicemia  by  the  finding  of  these  secondary 
abscesses;  but  when  the  abscesses  are  deep-seated  in  inaccessible  vis- 
cera, their  existence  may  often  be  only  surmised.     The  occurrence  of 

general  intoxication  and  of  true 
septicemia  with  metastatic  ab- 
scesses has  often  been  noted,  the 
combination  being  known  clini- 
cally as  septicopyemia. 

Pyemia  differs  clinically  from 
septicemia,  as  has  been  said,  in 
the  formation  of  metastatic  ab- 
scesses. These  abscesses,  when 
formed  by  the  lodgement  of  in- 
fected emboli  in  vessels  distant 
from  tile  primary  focus,  arise  in 
the  artery  or  vein  itself  in  a 
thrombo-arteritis  or  thrombo- 
phlebitis. The  inflammation 
rapidly  extends  to  the  anemic 
tissues  within  the  area  supplied 
by  the  vessel.  Hence,  the  in- 
crement of  intoxication  which 
takes  place  when  an  infected 
clot  becomes  suddenly  lodged  in  a  previously  intact  area  is  enormous, 
and  the  system  at  large  responds  clinically  by  a  rise  of  teiiipci-ature 
almost  invariably  preceded  by  a  viohiil  chill.  The  chills,  then,  are  a 
very  good  index  of  the  occurrence  of  emboli.sm,  and  serve  to  call  the 
attention  of  the  surgeon  to  the  clement  of  pyemia  adiled  to  the  sep- 
ticemia. 

A  clear  pictiirt'  of  tj'pical  pyemia  should  be  fixed  in  our  minds. 
Billroth  has  an  excellent  account  of  a  hypothetical  case  which  he  re- 
lated in  his  lectures.  As  Billroth's  experience  extended  over  part  of 
the  pre-antiseptic  as  well  as  the  antiseptic  age,  he  had  doubtless  seen 
many  such  cases  as  the  one  he  describes.  He  says ;  "  Imagine  now 
that  a  wounded  person  has  been  brought  into  the  hospital,  in  whose 
case  you  recognize  a  complicated  fracture  of  the  leg  just  above  the 
ankle,  with  extensive  contusion.  The  injury  has  occurred  by  the 
impact  of  a  vcrj'  heavy  falling  body.  Vou  have  examined  the  wound 
and  found  a  transverse  fracture  of  the  tibia,  and  you  have  decided  for 
conservative  treatment.  Let  us  suppose  that  you  have  applied  a  dress- 
ing such  as  was  used  in  former  times  without  anti.septic  precautions. 
The  patient  feels  well  in  the  beginning,  and  has  but  little  fever  up  to 
about  the  third  or  fourth  day.  Now  the  wound  begins  to  be  more 
strongly  inflamed,  secretes  relatively  little  pus ;  the  skin  in  the  neigh- 
borhood becomes  edematous  and  red,  the  patient's  fever  increases 
especially  in  the  evening,  the  swelling  in  the  neighborhood  of  the 
wound  increases  and  slowly  extends  farther;  the  whole  lower  leg  is 
swollen  and  reddened,  the  ankle-joint  very  painful,  and  on  pressure  upon 
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the  leg  there  flows  slowly  from  the  wound  a  thin,  foul-smeiling  pus.  The 
SHdling  remains  limited  to  the  lower  lej;,  there  is  no  involvement  of  the 
sensorium.no  sign  of  intense  acute  septicemia;  the  patient  is  extremely 
sensitive  at  ever\'  dressing,  peevish  and  disheartened.  A  remittent  con- 
tinuous fever  has  established  itself,  with  tolerably  high  evening  temper- 
Mure  and  increased  pulse- frequency.  The  piil.se  is  full  and  tense,  the 
appetite  is  quite  lost,  the  tongue  is  heavily  coated.  We  find  ourselves 
now  at  about  the  twelfth  day  after  the  injur>'.  Out  of  the  wound  flows 
very  much  pus  from  different  directions.  Somewhat  farther  above  the 
wound  distinct  fluctuation  is  to  be  noted.  With  difficulty  the  absccss- 
aviiy  can  indeed  be  emptied  toward  the  wound  bj'  pressure,  but  the 
outflow  i.s  ver>'  Hmited,  and  it  is  consequently  necessar>'  to  make  an 
indsion  at  the  point  named.  This  is  done  and  a  moderate  amount  of 
pus  is  evacuated.  Some  hours  afterward  the  patient  gets  a  .severe  chill, 
then  a  dry  burning  fever,  finally  a  very  pronounced  sweat.  The  ap- 
pearance of  the  wound  improves  somewhat,  but  thai  does  not  last 
long.  A  new  abscess-cavity  is  noted  farther  back  upon  the  calf  in  the 
neighborhood  of  the  wound.  A  new  chill  occurs,  new  counter-open- 
ings are  necessary,  now  here,  now  there,  in  order  to  provide  a  suflicient 
exit  fftr  the  pus,  which  is  formed  in  moderate  quantities.  The  left  leg 
hong  the  injured  one,  some  morning  the  patient  complains  of  severe 
paui  Jn  the  right  knee-joint,  which  is  somewhat  swollen  and  painful  upon 
CTcrv'  movement  The  nights  are  sleepless,  the  patient  eats  almost  noth- 
ing, drinks  very  much,  is  much  reduced,  becoming  thin  especially  in 
the  face.  The  skin  becomes  slightly  yellow  in  color.  The  chills  are 
repeated,  and  the  patient  now  begins  to  complain  of  pain  in  the  chest. 
He  coughs  a  little,  but  brings  up  only  a  little  sputum.  Upon  examina- 
tion of  liie  chest  you  note  a  pleuritic  exudate,  as  yet  moderate,  upon 
Wear  both  sides,  but  the  patient  does  not  complain  very  much  of  it. 
So  much  the  more,  however,  does  he  complain  about  the  right  knee. 
•hich  is  now  very  much  swollen  and  contains  much  fluid.  Since  the 
puient  sweats  a  great  deal,  the  urine  becomes  concentrated  and  occa- 
nonally  contains  albumin.  Bed-sores  are  finally  added,  but  the  patient 
warcdy  feels  them.  He  lies  there  in  part  benumbed,  and  mutters  in 
*  W  tone  to  himself  About  three  weeks  have  now  pa.ssed  since  the 
mjw.  The  wound  is  dry,  the  patient  looks  verj'  ill,  the  face  and  neck 
we  especially  emaciated,  the  skin  of  a  strongly  icteric  color  and  cool ; 
^llKcj-es  arc  dull,  the  tongue,  trembling  when  put  out,  is  quite  dry,  the 
eraturc  is  low,  and  elevated  only  in  the  evening.  The  pulse  is 
f  small  and  frequent,  the  respiration  slow,  and  the  breath  has  a 
teristic  cadaveric  odor.  Finally  the  patient  becomes  unconscious, 
!  may  remain  in  this  state  perhaps  twenty-four  hours  more  before 
ffath  occurs." 

Pyemia,  in  the  case  of  wounds  not  treated  antiscptically  {or  asepti- 
allj-),  often  takes  the  course  described  by  Billroth,     In  modern  prac- 
'••ce  pyemia  is  quite  infrequently  met  with,  except  when  injuries  are 
nudi  neglected. 

Even  yet,  however,  it  is  not  uncommon  for  us  to  meet  with  pyemia 

Itinj;  ongin  in  the  veins  of  the  face  and  sinuses  of  the  cranium.     The 

ViiHS  which   communicate  with  the  sinuses  of   the  brain  arc 

]y  likely  to  become  inflamed  and,  often  undergoing  thronibo- 
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phlebitis,  set  emboli  free  to  pass  to  distant  parts  of  the  body.  The 
pycmias  taking  origin  in  thi;  upper  lip.  involving  the  facia!  vein,  are 
likely  to  end  fatally  in  a   few  hours  or  three  or  four  days. 


Fn.  4(. — EMboH  tn  ilw  tnnctiM  of  ibe  pulmxutri  utrrr.  die  appc<  mart  cIohIt  adhercDi 
lu  01*  nil  aiHl  itiniDkoi  ilttDBA^. 

Tlie  following  is  a  Ij-picail  rase  published  by  Hcntschel  in  the  Sur- 
giral  "Festschrift"  fbr'llcnno  Schnudt  0^96). 

"  TKr  jwiinti,  «Whw  Cnckiili  Mboulici  aittkcs  it  lUftoiJi  m  »ilii«iiii<  Ub.  \aA  sdom 
iUt«««i<  *  axil  f«wwdt  «■  *t  "ly*  *^V  «Wcti  ■nianMdbFiBh^adM.skoobscncil 
Ikw  ■  inkT  ol'  fst  vcMftA  wpthw  oMi  aMM  Maod.  TAo  4Bfi  W*  the  aRMt  fip  uid 
6m  wm  Miv«ijt)}  nniUt«.  »m  Aw  mwt  fitii-«,-ua  wAr  law  s^ofaial  ■■  iiiiiai  popin- 
dk^trtv  K>  (Ik  tiiv  li  p>  <m4  Am  Mntlwt  fw  ■>«  hkx>l  eaafxA.  Late  a  (he  emioK  of 
iW  Mm  ik?  Ibc  fMtaW  tMWt<  At  kHH|MMl.  ■_ 

k-vaMieM  iM  MMf  '••1  as  Mtowt ;  TW  yoViC  f*       -  ~    - 

,ImA  •  WbMiil  wytirtd  aHd  a  vtn  smU  ml 


M(w«Tt  it  Am-  imiWww  wtrr  pdm  to  *  «4iu*>~<m«v  (foMac  Mair. 


::r£^ 


,  iinlii  im.  *«  ^MM  aMikct  vmmn)  ««*  %wm\mm  fiwfcM  imk.  Im|^ 

»  t*Mi  Win     ii'w  Mr  AmI     IV  -Jlntw i4  Ar  i^n**  Hf  *« 
U  *(  *W>M  ^  A>  Mt  «i*«)*>ul  nM  vvrr  wt  >A<4»  tApt  «Mi 


ar. 


^^^^V  ^BPMH^R  ^^V^^W^^h  WnVi  TV4W(^M*4.        iV  VlFvBHBVv^R^ 


«<*eldl 


lD«t  lid  were  to  be  found  a  Tew  |)u«-f(>ci.      In  the  lungs  were  lo  be  iienrd  everywhere  sub- 

crcpiunl  and  large  brunchiul  rale*.      The  heart's  nction  wo5  stnnuy.  but  tile  |i ill m; became 

il«»T!  weaker  ami  more  freijueiit,  *o  ihal,  even  in  the  night,  the  upper  hp  and  ttie  diseaw^l 

llilf  of  thf   liJwer  lip  were  deeply   incised   with    the   Lnife,   ttliereu|Kin   lijlcrolily  marked 

Umling  occurred  from  ihe  angle  of  Ihe  mouth.      Knergelic  irrigation  wiih  iuWiinalc,  iodo- 

fono-gaiue  timpanadc.  ice,  camphor,  nlfnhotits,  constituted  the  ticntinenl.      1  n  spite  of  the 

g«ir  application  uf  iiimularta,  death  occurred  on   the  next  day  at  seven  o'clotk  in  ihe 

i>iii|*,  with  symptoms  of  heart- failure.      Post-mortem  e>:aniination  was  made  Hve  hour^ 

■iilcMli.    The  anterior  facial  vein  was  thmmUised  as  fat  as  the  angle  of  the  jnw.     In  Ihe 

iitfnyJ  jogular  vein  no  thiumhi  were  demonstrable.      The  entire  Inng  showed  multiple  p\n- 

hadlD  Bftielnut-uied   pus-foci,  with  numerous  small  hemorrhagic  infarcts  and  patches  of 

(ituttial  pnemooaia  and  pronounced  edema  in  the  space*  left  free  ;  the  heart  was  relaxed, 

ind  iis  mufculaturt  showed  modciate  fatty  iniiltralion.      In  spile  of  Ihe  most  exact  investi- 

pUon.  rvta  with  the  use  of  the  microscope,  no  pyogenic  infection  was  demonstrable  on  ihe 

■iitF^  ttvl  in  Ihe  myocardium.      Small  abscesses  were  noted  in  the  liver  and  Uidnevs.      llie 

iplmi  iris  Mtungly  swollen,  rich  in  blmxi.  and  soft.      A  very  careful  bacteriological  eiam- 

latUon  showed  evervwhere  pure  cultures  of  Staphylococcus  titreu.s. 

"Thu  IS  the  usiul  form  of  pyemia  in  which  ihe  secondary  lesions  ap|>ear  in  the  joints 
udiiictn." 

Xicaise  has  described  a  clinical  vniiety  of  the  disease  in  wliich  the 
ibscesses  appear  with  special  frequency  in  tlie  muscles,  myosite  Jnfec- 
Ueuse.  E.  Pfister '  describes  a  case  of  the  kind,  which  we  may  briefly 
jUract 


■  1£  Ij^Trmperalure-charl  in  a  tise  of  pvcmia  with  musculnr  localizations; 
c&TiL     The  tall  of  temprralure  wai  frequenlLy  due  lo  Ihe  uK  of  the  cold 


•  indi 
pack 


cales  ■ 


Kl,  twenty-one  years  oM,  serving -maid.  History  ;  Palienl  called  upon  a  physician  on 
•uy  lb  (HI  accoiunt  of  a  ^li);ht  lymphjidenilis  of  the  axiHarv  caWtv,  for  which  a  small  wound 
•f  Aihand  already  cicatrircd  was  he!d  responsible.  On  the  licit  duy  the  lemperalure  rose 
tojj'C.  From  May  19  Ihe  paticm  improved,  and  Ireatmeni  ceased.  She  was  not  allo- 
plhat  well,  hEiwevet,  at  any  lime.  Mav  Jl,  the  physician  was  again  called  on  account  of  a 
F*|>l(Jlar  tmnitis.  Al  the  same  lime  fever  was  noted  and  a  certain  amount  of  dyspnea,  so 
40  Ibc  paueul  was  al  once  taken  10  Ihe  hospital.  On  admission,  June  1 ,  the  condition  was 
HUjamt  Well  bulll,  hraltliy  loohinf;  (-irl  ;  anterior  side  of  righl  knee  swollen,  skin  red- 
•Btriiad  mnlrralely  trnse.  distinct  fluctuation  over  patella,  patellar  region  mtxletately  sen- 
'^nt  prnmre  as  well  as  sponianeottslv,  no  j<iini  effusion.  A  diagnosis  of  prepatellar 
™"fl«  «•*  ivochcil,    hm  till  incision   was   made  hecau.se   ])gnilenl  inllammation  was  niil 

^q^>rall.     Trralmeni   was  limile<l  lo  resl  and  cold  applications.      At  noon  of  Ihe 

T  ■  preoovnciU  chill  was  followed  by  a  rise  of  temperalurc  to  40.7°   C.  and  by  a 

After  du  meat  wai  past  the  palicnl  fell  as  well  09  usual,  but  somewhat  tired.     Un 

■  Laitg.  Ank.,  Bd.  ilii.,  H.  3. 


»^. 


l6o 


INTERNATIONAL    TEXTBOOK  OF  SURGERY. 


June  3  Ihe  swollen  bursa  above  ihe  right  pnlella  was  punctured,  since  (he  chills  were  re- 
peoled.  The  puocliire  yii'Idud  a  saiiguinolenl.  mlerably  thin  pus.  An  iiicisiori  was  llicn 
nude  fnr  (he  app1ica(iou  of  drainage  and  the  dressings  were  changed  daily.  The  entire  dis- 
ease-piclure  recalleil  pyetnia.  On  ihe  sevctilb  iif  the  munth  the  patient  could  see  almost 
nothing  with  thi^  left  eye,  but  ophdialmoscopic  examination  revealed  nothing.  The  lefl 
facial  nerve  was  almost  completely  ^mraiyzed.  A  pleuritic  rubbing  was  present ;  the  lirittC 
was  without  albumin.  Every  day  one  or  two  chills  occurred  and  the  re^ipimliun  became  fre- 
quent. On  (he  eighth  of  the  month  Ibe  cornea  of  the  left  eye  was  diifuselv  opalescent ;  the 
bulb  of  the  eye  was  pushed  forward.  On  (he  ninth  of  tlio  month  the  left  arm  and  the  left 
leg  were  almoit  comjiletely  paralyaed,  mj  tbai  the  paralytic  phenomena  eiciied  a  suspicion 
of  brain-abscess.  (.In  June  lo  the  upper  part  of  the  necU  and  ihe  region  c»f  the  ear  began  to 
be  considerably  swollen  and  tender.  The  [Hralysis  of  leg  and  arm  seemed  somewbal  im- 
prove<l.  On  the  left  heel  Ibere  was  a  fluctuating  pustule  about  the  size  of  a  franc  piece- 
The  wound  of  incision  at  the  knee  was  dork -colored  and  dry.  On  the  morning  of  June  12 
the  patient  died  with  hyperpyrenia. 

At  the  post-mortem  examination  were  found,  in  the  hrst  place,  extensive  muscular  sup- 
pumlions.  About  the  slcmocleidomosloicj  mnoclc,  about  the  lefl  upper  arm  niui  below  (he 
fascia  of  ibe  triceps,  and  in  the  triceps  it.self,  were  found  purulent  irtiillradons.  A  myocar- 
dial  absci-s>,  a  subperiosteal  and  a  subcutaneous  pu^-eu  I  lection,  a  slight  pleuritis,  purulent 
gonitis,  ami.  besides  these,  a  distinctly  recogniiable  metastatic  ophthalmia  and  bursitis  were 
noted.      Streptococci  were  found  in  all  the  lesions. 

These  cases  in  wliich  a  predilection  seems  to  exist  for  localization  in 
muscular  tissues — a  localization  which  is  thought  to  be  caused  by  ex- 
cessive muscular  activity — are  not  com- 
mon ;  but  localization  in  the  bones  is  of 
frequent  occurrence.  This  form  of  bone- 
inflammation  is  spoken  of  as  acute  osUo- 
myelitis  or  infectious  osteomyelitis.  It  is 
specially  treated  in  the  chapter  on  Bones 
and  their  Diseases.  Its  clinical  varieties 
are  great,  but  the  pecuharities  of  the  in- 
flammation, due  entirely  to  the  anatomical 
conditions  supplied  by  bone-structure,  are 
so  characteristic  that  for  a  long  time  it  was 
thought  we  had  to  deal  with  a  special  mi- 
crobe. It  is  now  known  that  any  pyogenic 
bacterium  may  produce  osteomyelitis  j'ust 
as  it  would  produce  a  subcutaneous  ab- 
scess. Localization  of  the  bacteria  circu- 
lating in  the  blood  is  effected  by  injuries 
to  the  bone,  by  the  slowing  of  the  blood- 
current  about  tile  epiphyses  in  growing 
children,  by  chilling  of  the  part,  etc.  It  is  unusual  for  pyemia  of  the 
vi.sceral  type  already  described  to  follow  upon  ordinary  osteomyelitis. 
Several  bones,  usually  the  long  bones,  are  simultaneously  or  succes- 
sively affected.  When  several  bones  are  succe.ssively  involved,  those 
last  affected  are  often  much  less  .seriously  inflamed ;  indeed,  the  only 
manifestation  may  be  a  severe  periostitis  without  necrosis.  Staphylo- 
cocci are  often  the  causative  agent  in  this  form  of  pyemia,  although 
streptococci  are  also  frequently  observed.  The  disease  is  often  so 
violent  in  form  that  death  occurs  in  a  few  days.  In  very  acute  cases 
death  takes  place  before  the  bacteria,  which  have  found  lodgement  in 
the  bones,  have  had  opportunity  to  reproduce  themselves  and  cause 
abscesses.  In  other  words,  the  clinical  signs  may  he  those  of  a  bone- 
inflammation.  Indeed,  in  such  cases  it  is  the  septic  poisoning  which 
causes  death. 


Fifl,  43.— Embolic  obsl ruction 
of  the  trunk  of  the  right  pulmo- 
nary artery  tThoma). 
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On  the  other  hand,  the  local  manirestations  of  osteomyelitis  may  be 
vciy  chronic,  slmuialing  tuberculosis,  sarcoma,  nr  even  fibroma  and 
osteoma  of  periosteum  or  bone  (Kocher).  These  variations  of  clinical 
form  belong  to  the  chapters  on  Local  Suppuration  and  Osteomychtis. 

Pyemia  taking  origin  in  tliroinhophlibilis  may  be  due  to  inflamma- 
lion  of  any  vein  sufficiently  large  to  answer  the  anatomical  rcqiiirc- 
nicnls.  But  certain  large  veins  In  dilTerent  parts  of  the  body  are 
esjKcially  likely  to  afTord  origin  to  pyemia,  and  the  symptomatology 
"f  the  disease  as  moditicd  by  the  local  conditions  may  be  briefly 
considered. 

Pyltpklebitis. — Inflammation  of  the  large  branches  of  the  portal  vein 
is,  in  that  ■commoner  form  of  the  disease  in  which  the  metastatic  de- 
posits are  limited  to  the  portal  circulation,  a  sort  of  local  pyemia. 
Any  suppurative  inflammatory  process  about  one  of  the  large  branches 
of  tile  vein  may  set  up  a  pj'leplilcbitis,  the  inflammation  attacking  suc- 
cessively adventitia,  media,  and  iiHima,  then  bringing  about  a  throm- 
bosis witliin  tlie  vein.  The  commoner  causes  of  purulent  pylephlc- 
bilis  are  operations  within  the  area  supplied  by  the  portal  vein. 
hemorrhoidal  inflammation,  appendicitis,  ulcers  and  carcinomata  of 
the  gastro-intestinal  tract,  localized  purulent  peritonitis,  and  suppura- 
tive relroperitoneal  lymphadenitis.  When  the  coagulum  within  the 
itin  IS  softened  and  broken  down,  the  loosened  masses  may  be  swept 
VKds  in  the  blood-current,  to  be  deposited  in  the  hepatic  branches  of 
the  vein.  Only  exceptionally  are  small  masses  of  infected  coagulum 
carried  tlirough  the  circulatory  system  of  the  liver  to  pass  into  the 
>'i.iia  cwa  and  cause  abscesses  in  the  tissues  supplied  by  the  systemic 
circulation.  Hence,  as  a  rule,  the  morbid  anatomical  changes  are  for 
the  most  part  found  in  the  liver,  where  abscesses  develop  about  the 
veins  in  w  hich  the  emboH  have  lodged. 

Those  eniboU  which  plug  vessels  that  supply  areas  having  good 
anastomoses  do  not  give  rise  to  symptoms  that  enable  us  to  localize 
the  disturbance.  But  in  well-marked  cases  of  the  disease  we  have  not 
^flnty  the  ctiologj-  to  aid  in  diagnosis,  but  also  icterus,  tenderness  over 
portal  region,  swelhng  of  the  liver  and  spleen,  and  pyrexia  asso- 
tiiti-d  with  rigors  (F.ichhorst),  Death  usually  occurs  in  pylephlebitis, 
Ihti  form  of  pyemia  being  responsible  for  many  of  the  deaths  in  appcn- 
(iidliit. 

P>cmia  taking  origin  in  acute  and  chronic  otitis  media— otog:enlc 
Pywnla  (Hcsslcr),  or  ofogrnie  sinus  phlebitis — has  been  much  studied 
in  the  fiast  decade,  although  observations  of  the  disease  dale  back  to 
the  writings  of  Alx-Tcrombie  in  1829  and  of  Lebcrt  in  1856.  The  close 
anAloniical  relationship  between  the  middle  ear  and  the  sigmoid  sinus 
"uLcs  it  easily  possible  for  pyogenic  processes  to  spread  in  a  variety 
rf  ways  to  the  great  venous  channel.  The  thin  walls  of  the  sinu.s  are 
UUckcd  from  without,  and  the  series  of  destructive  coagulating  and 
•Switcgrating  processes  already  described  take  place  untii  its  interior 
^  practically  only  an  abscess-cavity.  The  thrombotic  process  may 
tba  extend  downward  along  the  course  of  the  jugular  vein,  or  masses 
rflhe  coagulum  may  act  as  emboli,  setting  up  metastatic  disease  at 
"fctint  poinu.  Purulent  inflammation  of  the  brain  or  its  meninges 
nay.  howirvcr,  prevent  the  full  development  of  the  pyemia  by  causing 
II 
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death.     A  typical  case  of  otitic  pyemia  is  reported  by  Hessler  in  liis 
monograph  on  ologcnic  pyemia  (Jc"^i   1896), 

"  A  fiirl  twelve  yptirs  i>ld  had  olorrlica  df  Ixilli  ears,  followini;  scarlet  fever  and  diph- 
Iherin  in  the  sevenlh  year,  with  loss  iif  mcmbmiin  lympani,  hammer,  and  anvil,  on  bolh 
sides-  The  left  ear  ceased  running  aficr  one  year,  with  lotai  deafness.  The  right  ear  had 
dischai^ed  conlinunusly.  with  almost  coinplcle  deafuess  (o  speech.  For  eight  dnys  before 
admisiviiin  b  continiiims  inliltraiioi.  and  swelling  were  noted  about  the  left  mastoid  process, 
so  (hat  tinally  Ihc  concha  was  lifted  lo  a  right  angle  from  the  head.  There  was  no  fiuctua- 
tion,  and  the  auditory  cnnnl  was  muth  swollen.  The  temperature  for  four  days  remained 
aliijve  39°  C.  Upon  chiselling  out  the  mastoid  process,  the  bone  externally  op|>eared  almost 
unchanged,  excepting  lliat  the  vascular  iipcnini;s  at  Ihc  ordinary  points  were  very  much 
dilated  ;  but  in  the  deeiJer  layers  the  bone  was  softened  in  n  curious  manner.  At  the  pos- 
terior wall  of  the  cavity  of  the  mastoid  process,  which  was  of  the  site  of  a  cherry,  the  dura 
had  to  be  laid  bare,  but  it  was  of  a  normal  bluish  glistening  appearance.  >\iT  the  tirst  eight 
days  the  pBlicnl  felt  perfectly  well,  and  the  wound- healing  was  normal,  when  suddenly  vom- 
iting nccuttcd  with  pyemic  temperature,  variations,  but  without  chills  either  a1  the  beginning 
or  later.  There  followed  metastatic  swellings  and  tnHamiiiatiuns  in  the  back  of  the  right 
hand,  the  right  shindder,  and  the  right  hip  region.  At  the  latter  point  a  deep-seated  para- 
articular abscess  had  lo  be  incised-  Headache  occurred  only  u^xm  active  and  j^assive  move- 
ments. The  sen.sorinm  was  always  entirely  free.  t)n  the  sixth  day  before  death  vomit- 
ing suddenly  occurred  again  \  the  abdornen  was  very  markedly  distended,  and  coma  was 
first  note^l  Iwentv-foiir  hours  before  death.  Upon  post-raurteni  examination,  numerous 
melastalit  abscesses  were  found  in  bolh  lungs,  with  soft  infiltration  of  the  lower  lobes  of  the 
left  lung.  A  hnrad  embolus  was  found  in  the  spleen,  and  several  smaller,  fresh,  still  hem- 
orrhagic emboli  ill  biilh  kidneys,  side  by  side  with  which  were  several  that  had  passed  more 
or  less  into  a  stale  of  suppuration.  The  liver  was  not  changed.  There  were  several  fresh 
melaslnaes  in  ihe  heart.  The  small  intestine  was  strongly  distended,  as  a  result  of  .slrnngu- 
lation  by  axial  rotation  upon  an  abnormally  long  me-sentcry  close  lo  the  cecum.  The  brain 
and  its  mi-mbrancs  were  ab,H»Uitelv  normal.  In  the  left  transverse  sinus  was  a  thrombus 
which  was  still  linn  at  its  upper  end,  but  at  the  jugular  foramen  had  iindfrgone  suppuration. 
The  membranous  wall  of  the  sinus  was  slightly  discolored  and  softeneil  upon  Ihe  bony  side 
for  a  space  of  two  centimeters,  especially  at  Itie  poinl  where  it  had  been  neces.sary  lo  lay 
bare  the  dura  maler.  The  bony  wall  of  the  sinus  showed,  furthermore,  a  curious  erosion 
an<l  ili-4'oloration-  In  this  case  llie  sinus  thrombosis  had  existed  even  before  the  chiselling, 
and  the  operation  had  not  prevented  the  subsc<iuenl  infeelion  and  liisinlegralion  of  the 
thrombus- 
Diagnosis  of  Septicemia  and  Pyemia. — As  a  rule,  septicemia 
and  jjycinia  art:  brouglit  to  mind  bj'  obser\ing  tiic  positive  symptoms 
already  dt;,scribed.  Continued  fever  in  a  case  of  suppuration,  elevations 
of  temperature  either  in  the  afternoon  or  at  somewhat  irregular  intervals, 
suggest  the  beginning  of  septicemia.  In  pyemia  frequent  chills  are 
noted  on  the  temperature-chart.  In  addition  to  those  characteristics 
already  described,  we  must  consider  the  following  points: 

When  septicemia  comes  on  within  a  comparatively  short  time  after  a 
wound  has  been  inflicted,  the  local  evidences  of  injury  may  liave  almost 
or  quite  disappeared.  The  surgeon  should  be  extremely  loath  to  con- 
sider a  case  of  sepsis  as  cryptogciiclie  or  spontaiuous  (Leube).  Every 
eflfort  should  be  made  to  discover  tlie  infection  atrium  by  a  careful  search 
over  the  surface  of  the  body  for  evidences  of  Injury  or  its  resultant 
inflammation-  The  natural  orifices  of  the  body  arc  then  to  be  examined, 
especi.iUy  the  fauces,  the  nose,  and  the  ears.  The  term  eryptogenetlc  is 
only  to  be  used  as  a  term  of  clinical  convenience  to  indicate  our  inability 
to  find  the  entrance  point  of  the  microbes. 

Neglected  wounds  giving  rise  to  sepsis  often  show  marked  .signs  of 
imperfect  drainage,  exuberant  granulation,  and  cellulitis.  In  the  later 
stages  of  sepsis,  the  injured  tissues  show  almost  no  tendency  to  regen- 
erate, and  the  granulations  have  a  membranous  covering  of  dirty  gray 
material. 
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The  distribution  of  pyogenic  bacteria  to  the  general  circulation  by 
M'jj-  (rf  the  lymphatic  system  is  proclainieci  by  the  occurrence  of  lymfh- 
angilis  and  by  temporary  hyptrpiasia  or  even  inflammation  of  tlte 
Ttgii>nai  lymphatif  glands. 

When  pyemia  takes  origin  in  thrombophlebitis  of  veins  accessible  to 
direct  or  indirect  clinical  investigation,  symptoms  corresponding  to  the 

truction  of  the  blood-vessel  involved  will  be  noted.     For  example,  in 

a  of  thrombophlebitis  of  the  cavernous  sinus  the  eye  bulges  from 
the  orbit  and  tlie  lids  are  much  swollen. 

Lko!  symptoms  of  metastasis  are  more  frequent  in  pyemia,  of  course, 
ancc  the  secondary  foci  are  susceptible  of  diagnosis  if  they  arc  super- 
jidal  or  if.  even  when  located  in  deep  structures,  they  interfere  with 
recognizable  functions.  Joint-  and  bane-inflammations,  picurisy.  endo- 
orditis,  nephritis,  etc.,  arc  recognizable  with  comparative  ease  when  the 
lesions  are  well  marlvcd.  But  it  must  be  remembered  that  manysecond- 
Ji\* points  of  pyemic  inflammation  ninst  escape  detection,  since  they  may 
remain  small  and  may  not  interfere  seriou.sly  with  any  very  marked 
fiinction.     This  is  especially  true  of  emboli  lodging  in  the  lungs. 

The  secondary  foci  should  be  studied  by  ailtuyal  uuthods  to  deter- 
mine, if  possible,  whether  the  bacteria  are  of  the  same  species  as  those 
found  in  the  primary  lesion. 

Ealargcm^nt  of  the  spleen  is  common  to  all  forms  of  sepsis,  and  that 
organ  should  always  be  interrogated  by  palpation  rather  than  by  per- 
ciiision. 

The  hl&od  in  sepsis  and  pyemia  has  been  studied  frequently.  Lcuko- 
tjlosis  is  present,  the  leukocytes  being  chiefly  polynuclear,  with  neutro- 
[Jiilc  granulations.  But  the  diagnostic  value  of  leukocytosis  is  com- 
piralJi-ety  small,  since  an  uninijmrtant  focus  of  suppuration  anywhere 
in  the  bodj-,  even  though  entirely  unassociated  with  the  disease,  may 
give  origin  to  iL  Nucleated  er)'throcytes  are  sometimes  found  in  pro- 
found leukocytosis. 

The  discovery  of  bacteria  in  the  blood  is  of  importance  in  distinguish- 
ing tcpsit.  Canon  insists  that  the  blood  should  be  drawn  from  one  of 
tiw  ann-vcins.  especially  in  post-mortem  work,  since  such  blood  is  much 
more  likely  to  show  the  true  state  of  the  infection.  The  blood  is  with- 
dravm  b}-  means  of  a  sterilized  hypodermic  syringe  under  aseptic  pre- 
cautions, and  cultures  and  cover-slip  preparations  are  made. 

Other  important  and  profound  changes  in  the  composition  of  the  blood 
tJic  place.  Roscher  tells  us  that  the  number  of  the  red  corpuscles  is 
vm-  much  reduced,  and  proportionately,  also,  the  amount  of  the  residue 
Hi  jfter  evajx  trail  on.  To  a  special  degree  the  drv'  residue  of  the  serum 
>>  reduced.  These  differences  are  less  marked  as  the  disease  progre.sscs. 
Tht  bcmi>gU>bin  is  diminished  and  stands  in  direct  relationship  to  the 
number  of  the  red  corpuscles.  None  of  these  changes,  however,  has 
btm  studied  clinically  in  a  sufficient  number  and  variety  of  cases  to  put 
■sM  jtt  in  possession  of  reliable  diagnostic  aid.s. 

Many  attempts  have  been  made  It)  utilize  in  a  diagnostic  wa>'  the 
•"MrryfjMlwf  J.  The  occurrence  of  the  albumoses  in  the  urine  is  noted 
■  «pris;  but  this  is  common  to  all  the  infectious  di.seases  (Harris), 
'If  course,  toxemia  is  associated  with  sepsis,  and  signs  of  nephritis  are 
»l«ay»  trt  be  noted  in  the  later  stages  of  ptomain -poisoning.     The  fact 
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that  the  urine  in  many  infectious  diseases  contains  soluble  chemical 
bodies  of  a  toxic  character  lessens  the  value  of  a  gross  study  of  urinary 
toxicity  as  a  diagnostic  aid.  Should  we  be  able  hereafter  by  chemical 
means  to  discover  and  distinguish  the  toxic  bodies  peculiar  to  different 
infections,  wc  mif^ht  be  able  to  use  in  diagnosis  the  knowledge  acquired. 

The  differential  diagnosis  of  sepsis  involves,  first  of  all,  the  exclu- 
sion of  sapremia.  If  autointoxication  is  excluded  by  causing  the 
excretory  organs  to  perform  their  functions  actively,  toxemia  may  be 
ruled  out  by  a  study  of  the  local  findings.  Careful  disinfection  and 
removal  of  all  putrefying  material  in  the  wound  will  enable  us  to  put 
toxemia  entirely  out  of  diagnostic  consideration. 

Local  suppuration  is  converted  into  septicemia  by  the  transmission 
of  bacteria  to  t!ie  bluod  and  by  the  multiplication  of  the  microbes 
there.  If,  then,  the  apparatus  by  which  the  germs  are  carried  to  the 
blood  (regional  lymphatic  system)  is  demonstrably  in  a  state  of  activity, 
and  if  cultures  and  stained  preparations  from  the  blood  show  pyogenic 
organisms  on  several  occasions,  the  diagnosis  of  septicemia  is  assured. 
The  temperature-curve,  the  urinary  findings,  and  the  local  symptoms  in 
the  presence  of  free  drainage  will  usually  be  determinative  even  without 
the  blood-examination. 

Typhoid  fei'ir  and  miliary  tuberculosis  are  often  difficult  of  exclusion. 
Hessler  has  prepared  a  table  in  which  these  diseases  are  distinguished 
from  pyemia  of  otitic  origin.  It  is  quoted  because  it  contains  so  much 
information  in  small  .space.  The  diagnostic  points  pertaining  to  the 
otitic  origin  of  the  pyemia  arc  suggestive  for  the  study  of  other  forms 
of  the  disease. 


SVUPTOMS. 


Btginning ; 


Otogenic  Pvemia. 

Sudden,  with  severe  hakd- 
sympToma  —  dizziness, 
Tomiiing.  headache. 


IinHHingfro-m 
tke  ear  .- 


Oilli! 


Timftm/urt; 


SensoriKm  : 


Headache  ; 


Has  always  preceded. 


Frequently  reeurringafter 
variable  intervals,  fol- 
Iriwt'd  Uv  sweats. 

Highly  variable,  atypic^, 
going  above  41^  C ; 
often  subnormal. 


For  the  rtiost  part  not 
influenced  in  tvpical 
case^;  disturbancet5  as 
a  result  of  headache, 
alTernaling  with  or  fol- 
luwing  delmuni. 

Severe,  one -sided,  varia- 
ble neat  (he  ear  and 
occiput.  Increases  with 
preuure  on  the  neck 
(MacEwen), 


Typhoid  Fever. 

Begins  Willi  progressive 
prodrom.il  symptoms, 
disorders  of  the  general 
condition,  only  rsrely 
I  Liehermeistet)  with  a 
chill  and  elevation  of 
temperature  to  40*  C. 

Accidental  coniplieation, 
occurs  for  the  Brst  time 
in  the  fourth  or  fifth 
week. 

Rare. 


According  to  Wunderlich 
intermittent,  slowly  ris- 
ing and  falling.  Ab- 
sence of  letnperaturc- 
elcvation  rare. 

Is  increasingly  disturbed 
01  the  end  of  the  first 
week:  later,  muttering 
combined  with  deliri- 
um. Picking  at  the 
bedclothes. 

Equally  distributed  over 
Ihehead.wilhouichang- 
ing. 


Acute  Miliary  and 
m  esingeal  tubek- 
ruix)sis. 

Sudden  aggravation  of  an 
old  bronchial  catarrh, 
with  dull  headache  and 
depression. 


\  complication  of  lung- 
tuberculosis. 


Often  at  beginniriga  sin- 
gle chill,  shivcrings  fre- 
quent in  course  of  the 
diMase, 

At  the  beginning  contin- 
uous at  a  moderate  ele- 
vation, later  hectic,  al 
last  subnormal,  often 
like  that  of  typhoid. 

Only  blight  delirium;  later. 
sopor  and  coma. 


Dull,  variable,  equal  on 
both  sides. 


■ 
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A  CUTS    Miliary    and         ^^H 

smmiis. 

Otogenic  Pyemia. 

TlTHOiD  Fever, 

Meningeal    Tuber-         ^^H 

ciJi.usis.                              ^^H 

VimUl^: 

Frequeni,  oficn  teciirring 

Rare, 

Frequent,    especially    in          ^^^| 

with  ilif  uih-;t  iigtii  of 

meningeal  tuberculosis^            ^^^| 

bfain-imlaliDfi. 

^^^H 

Minmm : 

KrequrnI,    varviDg    with 

More  bland. 

Especially  In   meningeal          ^^^| 

olher  brftin-syntploms, 

tuberculosis.                               ^^^H 

incteniing   in    children 

^^^1 

ir,  convuisinns. 

^^^1 

infijmf. 

R  »p  111  1  y  tradii  10  ry  .scarce- 

Usually    bilalcral,    bron- 

Breathing  disproportion-            ^^^| 

Umi: 

1)r  lo  be  demonilnitecl. 

chitic.  InpostBriorlower 

uiely    rapid,    increased            ^^^^ 

vuving  beiwccn   bron- 

portions. 

Id  orthopnea.     Sounds            ^^^H 

^^t 

chi  lu,    rociuuiii:    ab- 

normal   or  only   large          ^^^| 

^^^^^H 

KCUFS    with    pleurisy. 

r&les.                                            ^H 

^^^^H 

and  pyopoeumothorai. 

^^^1 

H     mtmui: 

Especially  frequeni  in  (he 
Itingi.  rare  in  the  liver, 
in    all    organs    of    ihe 
body. 

Good  al  lini.  then  absent. 

Not  present. 

Not  present.                                  ^^^H 

K    ^; 

Slight 

^^1 

In  mild  cues  not  coaled. 

Dry,    coated,   prolraded 

Usually  remains  moist.                ^^^| 

^^H 

with  tremor. 

^^^^1 

■      ruui 

Hard.  full,  increased  fre- 

Hard and  full,  later  soft. 

Disproportionatety  high;           ^^^| 

^B 

quency    in    chills    and 

dicrotic,  80-100,  paral- 

130-150, soft  and  small.          ^^^| 

^1 

fever  \      dispropomon- 

lel  with  temperature. 

^^^1 

^1 

■lely  high  in  tepsU. 

^^^1 

■          OM; 

Irregular  in  the  Intensity 

Chamcteriitic      lempera- 

Irregular,  lasting  two  10            ^^^| 

^H 

of  the  phenomena  and 

ture-curve  over  period 

three  weeks.                               ^^^H 

^H 

in  dunition. 

of  three  lo  (our  weeks. 

^^^1 

^H       Mimm: 

Rnredistention.oceurring 

Frequently  distended    m 

Not  especially  distended.          ^^^B 

^H 

after  the  second  week. 

the  second  week. 

^^^1 

■        AaA: 

Lacking ;  but  we  find  ele- 

Characteristic  roseola  In 

Lacking.                                          ^^^| 

^H 

vated  red  flecks  not  dls- 

second  week,  especially 

^^^1 

1 

■ppeanng  on  pressure. 

in  the  lijwer  hrc.isi  and 
abdominal  region,  not 
sensitive   on    pressure, 
often  elevated. 

■ 

H             iWftM.- 

tn  Mvere  cases,  toward 

Characteristic      pea-soup 

Only  la  simultaneous  In-            ^^^| 

^H 

the   end,  then   watery. 

stools. 

Icstinal  tuberculosis,                 ^^^H 

^H 

proluse.  fetid . 

^^^1 

Fteqiieni       over      lower 

Ileocecal  pain  in  tlic  sec- 

Usually lacking.                         ^^^| 

■          >- 

spleen  when  metasiasei 
are  present . 

ond  week. 

^1 

■        «*.. 

Almost  without  exception 

ConsiaDlty   swollen    and 

As    a    rule,   modcmtely           ^^H 

^H 

enlarged  and  palphibfe. 
f^vqueni,  in    tnild   cases 

palpable. 

^^^1 

H             iMM.' 

Rare, 

^^H 

^H 

not  with  cenamty. 

^^^1 

■         Dwi.- 

In  cDiti.x,  usually  by  em- 

In conta,  with  he>irl-fail- 

In  coma,  or  collapse  with          ^^^| 

^H 

bolism  of  lungs. 

ure. 

failure  oMungsot  brain.            ^^^H 

■              (^     MX- 

Otien    very  clearly  pres- 

Not present. 

Not     presenl.     ciioroidal            ^^^H 

^1 

ent,  tarelyseplic  retinal 

tubercles        frequently            ^^^H 

^H 

heraoirhage. 

demonstrable.                             ^^^| 

Gives,  when  positive,  dif- 

Only typhoid  bacillus. 

Frequently   tubercle  ba-          ^^^| 

^1                aikM; 

ferent  kinds  of  micro- 
organisms (streptococci 
■ik]  ■taphylococcl ). 

^^H 

^1            Halaii 

a  Ls  ofien  to  be  differentintcd  from  pyemia,  since  chills  are        ^^B 

^^^^^MDinun  to  bulii :  but  tlit  careful  study  of  the  blood  will  disclose  the        ^^| 

^^^^■Mihna]  0 

i^anism  if  it  js  present.     Quinin  is  curative  of  most  cases  of        ^^| 

^^^pihidum. 

but  only  slightly  itifl                                                                             ^^ 

ucnces  pyemia. 

^^H 

H^            •'Inrc 

mali^itant  (ndt^arditis  and  acute  articular  rheumatism  are  to         ^^H 

■         bedbting 

ui'ilicd  by  reference  to  the  positive  findings  in  these  diseases        ^^H 

H         Ukl  down  in  the  text-books  of 

internal  medicine.                                                   ^^^ 

^^H 

^1              Tnc occurrence  of  ttirtiistase 

.c  in  pvogenic  disease  is  usuallv  indicated        ^^| 

■        b>'  chills, 

tcnipci^tu re- variations,  and  local  signs  peculiar  to  the  part         ^^ 

B        ianilvcd. 

When  metastases  are  found,  Uic  diagnosis  of  pyemia  is               1 

L.               ^ 

tliereby  established.  The  diagnosis  of  pyemia  is  not  complete  until  the 
point  is  discovered  at  which  the  infection  found  its  way  into  the  blood. 
This  is  usually  equivalent  to  the  discovery  of  the  vein  undergoing 
thrombophlebitis. 

Treatment  of  Septicemia  and  Pyemia. — Tiie  greatest  triumph 
of  surgery  in  which  the  present  age  rejoices  is  our  recently  acquired 
ability  lo  prevent,  in  the  majority  of  cases  in  which  wounds  are  surgi- 
cally inflicted,  the  infection  of  the  exposed  surfaces.  In  p re-antiseptic 
days,  pus  of  certain  characteristics  was  expected  to  form  in  almost  all 
open  wounds  on  the  third  or  fourth  day.  and  was  called  pus  bonum  ft 
hudabile.  It  is  now  the  elaborate  and  painstaking  effort  of  every  sur- 
geon to  prevent  suppuration  by  bringing  to  his  aid  a  well-organized 
corps  of  assistants  provided  with  every  needed  appliance.  To  prevent 
suppuration  in  wounds  is  to  avoid  septicemia  and  pyemia;  so  that  the 
prophylactic  treatment  of  these  morbid  conditions  may  be  summed  up 
in  the  principle  involved  in  aseptic  wound  treatment. 

We  must,  moreover,  not  only  avoid  contamination  by  pus-microbes, 
but  we  must  prrvent  thf  Unverhtg  of  the  ri-sistiii_^  pinvcr  o(  the  individual 
by  auto-intoxication.  We  must  see  that  the  patient's  bowels  move  prop- 
erly, that  the  kidneys  are  acting  freely  (as  to  excretion  of  urea),  that  no 
intestinal  putrefaction  is  going  on,  etc. ;  and  in  diseases  in  which  intoxi- 
cations are  present — for  example,  nephritis — we  must  either  counsel 
against  operation  or  redouble  our  eflbrts  to  prevent  contamination.  It 
has  been  shown  experimentally  that  where  a  preliminary  injection  of 
the  toxins  of  a  certain  bacterium  has  been  made,  the  micro-organism 
will  find  lodgement  in  the  tissues  of  the  body  somewhere,  and  grow 
freely  wlien  injected  in  numbers  so  small  that  without  this  aid  they 
would  inevitably  perish. 

Not  only  does  the  resisting  power  of  individuals  vary,  but  the  resist- 
ing force  of  every  human  organi.sm  varies  from  time  to  time  within 
wholly  physiological  limits.  The  influence  of /m ;?■"■«/(■  (-(ii/JiT  apparently 
the  most  trivial  is  often  of  vital  importance.  Thus  it  has  been  experi- 
mentally shown  that  rabbits  may  be  made  to  inhale  many  tubercle 
bacilli  without  visible  damage,  so  long  as  they  arc  given  free  access  to 
hght  and  air;  but  if  confined  to  dark  places,  they  quickly  die.  In  dis- 
eases in  which  the  date  i>f  operation  is  elective,  we  may  defer  the  pro- 
cedure until  the  patient  has  been  put  into  the  highest  physiological 
condition  by  proper  hygienic  and  therapeutic  measures. 

Many  cherish  the  hope  that  methods  of  imvniiiisalion  may  be  in- 
vented which  will  make  it  possible  for  us  to  protect  our  patients 
absolutely  against  pus-infection  before  the  knife  is   used  at  all. 

Even  after  infection  has  occurred,  we  think  of  aiding,  so  far  as  pos- 
sible, those  forces  which  repel  the  microbic  invasion,  and  destroy  or 
eliminate  the  micro-organisms  from  the  body.  This  direct  treatment 
of  suppuration  and  its  various  modifications  and  con.sequences  has  been 
the  ideal  of  medical  investigators  from  the  earliest  times.  We  certainly 
know  of  no  drug  which  will  exercise  a  direct  influence  on  this  malady. 
Hut  since  the  publication  of  Behring's  researches  on  the  diphtheria 
bacillus — following  the  proofs  that  an  anthrax-immunity  could  be  pro- 
duced in  certain  lower  animals — and  since  the  "  sen4iii-tlierapy"  of  this 
disease  has  become  an  everj'-day  fact,  we  have  allowed  ourselves  to 
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hope  that  an  immunitj'  against  staphylomycosis  and  streptomycosis  (as 
the  commonest  forms  of  pyogenic  infection)  might  be  established  in 
the  human  body  by  artificial  means. 

Extensive  studies  in  this  field  have  been  pubh'shcd  by  several 
writers.  Marmorek  of  Paris  has  boldly  recommended  the  scrum  of 
animals  immunized  by  a  method  of  his  own  devising.  His  first  effort, 
jfter  choosing  streptomyfusis  as  the  field  of  his  acti\-ity,  was  to  find  cult- 
ures of  sufficient  virulence  and  to  maintain  that  virulence.  This  he 
succeeded  in  doing,  according  to  his  statements,  by  pas.sing  ordinarily 
JCtivL'  cultures  of  streptococci  through  the  bodies  of  t-'x  peri  mental  ani- 
mals and  by  groninj^  the  microbes  upon  a  culture-medium  composed 
of  two  parts  of  human  blood-serum  and  one  part  of  meat  bouillon.  In 
this  way  he  obtained  a  culture  so  "  hypcrvirulcnt  "  that,  according  to 
his  experiments,  doses  of  as  small  a  quantity  as  one  onc-hundrcd-mil- 
Bonth  of  a  cubic  millimeter  were  sufficient  to  kill  a  rabbit.  With  this 
potent  "rus  asses,  sheep,  and  horses  were  inoculated  in  increasing  doses 
until  they  liecame  highly  resistant.  Their  serum  remained  to\ic  for 
other  animals  and  for  man  for  four  weeks;  but  when  this  period  had 
elapsed  after  the  last  inoculation,  the  serum  conferred  immunity  upon 
animals  when  injected  under  the  skin. 

Without  further  delay  for  study  and  e.\|)eriment,  Marmorek  began 
appi>ing  his  serum  to  the  treatment  of  human  streptococcus -infections, 
and  reported  a  series  of  injection.^  with  what  he  considers  favorable 
results.  Of  15  cases  of  puerperal  infection  treated,  7  with  streptomy- 
ciosis  were  cured.  3  with  mixed  infection  with  Bacterium  coli  died,  and 
rf)  with  mixed  infection  with  staphylococci,  2  died.  From  this  result 
he  argued  that  mixed  infections  are  not  so  favorably  acted  upon  as  the 
^smple  infection  with  the  bacteria,  for  immunity  against  which  the  serum 
^  as  prep-ired.  In  a  scries  of  41  I  cases  of  crysiijelas,  the  mortality 
icelincd  from  5.12  per  cent,  to  3.4  per  cent.;  but  to  offset  this  slight 
reduction  of  death-rate  Marmorek  claims  that  the  patients  treated  im- 
pTD^'cd  with  wonderful  rapidity  after  the  administration  of  the  serum, 
and  that  their  sufferings  were  much  ameliorated. 

Many  independent  obseners  have  tested  the  serum  with  results 
which  are  not  yet  conclusive.  The  critical  and  ex[>erimental  review 
of  Petnischky  of  the  Koch  Institute  in  Berlin  is  based  upon  the  study 
of  material  (serum  and  cultures)  from  Marmorek's  laboralorj'.  Pet- 
nischky could  not  confirm  the  statements  made  in  regard  to  the  exces- 
sive nrulcncc  of  the  organisms,  nor  could  he  substantiate  the  reports 
o(  the  Parisian  experimenter  in  regard  to  the  efl^cacy  of  the  serum 
f>wi  in  experimental  animals. 

Anhe  present  time.  then,  we  have  up  reliable  aHtislrcplococcic  a^^ent, 
•nd  Lubarsch  even  decides  that,  while  our  present  knowledge  em- 
braces the  established  fact  that  in  experimental  animals  an  immunity 
ti  streptococcus-infection  can  be  readily  obtained,  the  blood-serum 
'^  the  immunized  animals  contains  neither  antitoxic  nor  bactericidal 

W,  hMnn  of  HeideTlKig  hat  attacked  ihc  less  protnliiiiig  question  of  immunity  to 
*^yimj**m.  I'clcncD  cnnclnilF^  rlisr  n  liniislturt'  inimuiiily  to  l)iiv  rlUcaH  riisis  when 
*•  ha  MI*it«(l  ■  «trtF  miicli  I'f  s(B|ihyU>myf'i''is  anil  lie  <lpiiil«  llial  wlifn  ihis  im- 
^■f)  alat»  diav  Mc  tbemlcal  ulbslantcs  in  the  blood-wium  upon  which   dcprnds  Ihe 
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restating  power  of  Lhe  orgnni.'^m,  ISul  he  nl»»  reco^nizea  (he  weaknt^as  of  lhe!<«  bodjcs  and 
Ihcif  I'vaiicsceiK  characlfr.  His  own  experimenla  having  lieeii  inlemiptcd,  he  suggests  thai 
A  solution  of  iJie  practical  question  of  securing  immunity  for  man  may  bt  found  in  the  dis- 
covery of  olher  mclhivls  of  immuni/jition,  or  that  more  active  sera  may  be  obtained  from 
animals  of  5[>ecie!^  dilTerent  from  those  upon  which  be  ex|}erimer^<:d.  It  seein*^  to  him  more 
likely,  however,  tliut  the  nilive  bodies  in  the  immuni/ed  tietum  already  obtained  maybe 
separnlc<l  by  precipitation,  and  thus  concenlraled  for  use  in  ihe  maladies  of  man. 

Acling  on  the  theory  that  the  establishment  of  a  h-ukocytosis  is  of 
benefit  in  combating  pyogenic  conditions,  it  has  been  proposed  to  bring 
about  this  form  of  activity  among  the  wandering  corpuscles  in  normal 
subcutaneous  tissue  by  the  injection  of  sucli  irritants  as  oil  of  turpen- 
tine. This  suggestion  has  been  put  into  actual  practice.  The  estab- 
lishment, however,  of  even  aseptic  foci  of  inflammation  docs  not  find 
ready  acceptance  among  modem  surgeons. 

The  elimination  of  the  micro-organisms  by  all  proper  means  is  to 
be  encouraged ;  but  the  proposed  plan  of  using  phenacetin  and  other 
violent  diuretics,  as  already  mentioned  above,  does  not  seem  wholly 
rational,  since  these  drugs  have  other,  and  often  dangerous,  qualities. 
The  skin  may  be  made  to  do  its  full  duty  by  the  use  of  ordinary 
hygienic  measures.  The  other  emunctories  should  be  kept  active  by 
the  use  of  those  remedies  which,  while  stimulating  excretion,  do  not 
interfere  with  the  functions  of  vital  organs. 

The  principle  of  elimination  is  involved  in  the  plan  of  "'  washing 
the  blood,"  or. as  it  is  sometimes  c!\\t:.tl,hypodcmioclysis,m  which  large 
quantities  (one  to  several  pints)  of  normal  salt  solution  are  introduced 
under  the  skin.  The  fluid  is,  of  course,  readily  absorbed  and  passes 
into  the  blood,  while  a  corresponding  activity  of  the  kidneys  tends  to 
carry  away  the  peccant  material. 

The  antipyretics  are  usually  to  be  avoi<ied  because  they  act  as  car- 
diac depressants  {fever  itself  may  be  of  utility  in  combating  the  infec- 
tion), and  because  the  temperature-curve  gives  important  aid  to  the 
surgeon  in  determining  the  nature  and  severity  of  the  disease.  The 
most  important  medicinal  agent  in  the  active  combat  with  septic  infec- 
tions is,  according  to  Billroth,  nieohol.  It  is  borne  by  these  patients  in 
enormous  doses  and  seems  to  exercise  a  favorable  influence  upon  the 
course  of  the  malady.  It  is  administered  in  the  form  of  wine  {the 
stronger  varieties)  and  the  distilled  liquors,  brandy  and  whiskey.  In 
egg-noggs.  egg-flip,  etc.,  wc  have  a  ready  means  of  combining  the 
agents  with  food.  With  peptonized  milk  and  eggs  the  alcohol  may 
be  introduced  in  clysters  when  the  stomach  fails.  Digitalis  is  reserved 
until  the  pulse  weakens;  but  strychnin,  pushed  almost  if  not  quite  to 
the  physiological  limit,  now  enjoys  a  wide  and  apparently  well-deserved 
popularity  as  a  tonic  stimulant.  Feeding  is  just  as  important  here  as 
it  is  in  typhoid  fever,  and  it  is  the  attendant's  duty  to  see  that  a  regular 
plan  of  feeding  is  arranged  and  adhered  to.  When  the  patient  can  no 
longer  digest  his  food,  it  must  be  digested  artificially  before  it  is 
administered. 

The  influence  of  ela-ated  temperature  for  the  good  of  the  patient 
cannot  now  be  definitely  decided  upon.  Yet  there  are  not  wanting 
those  who  maintain  that  many  micro-organisms  do  not  flourish  as  well 
at  the  fever-temperature,  that  the  antibacterial  forces  of  the  body  are 
stimulated   by  the  heat,  that   elimination  of  toxins  and  even  of  the 
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bactena  is  encouraged  by  the  fever,  and  that  the  pyogenic  cocci  have 
a  gieatcr  tendency  to  produce  purely  local  reaclions  in  the  presence 
of  pyrexia.  Fever,  then,  is  probably  a  beneficent  condition,  and  is  not 
W  be  combated  per  se  as  the  inimical  element  of  the  disease. 

The  prophylactic  (/raiffiT^c  of  pyogenic  foci  has  for  its  object  the 
rctno^'al  of  the  infectious  matter  from  the  body  under  such  technical 
conditions  that  granulations  can  speedily  line  the  avenue  of  their  dis- 
charjjc  and  place  the  abscess,  so  far  as  further  entrance  of  to.xins  or 
microbes  into  the  blood  is  concerned,  practically  outside  the  body. 
The  principle  embodied  in  ihe  Latin  saw,  tibi  fus,  ibi  n^acua,  is  thor- 
oughly incorporated  in  the  teachings  of  modem  surgcrj-.  The  early 
diKover)'  of  the  abscess  and  its  immediate  drainage  will  prevent  most 
cases  of  septicemia  and  pyemia.  It  may  be  necessary'  to  amputate 
limbj,  to  resect  intestines,  to  extirpate  a  kidney  or  otbcr«'ise  muti- 
late the  body  in  order  to  substitute  simple  for  complicated  wound- 
relations.  Too  much  hesitation  in  the  performance  of  these  operations 
may  be  the  cause  of  the  patient's  death. 

The  opening  of  secondary  foci  should  be  similarly  attended  to  ;  but, 
unfortunatel)-,  when  the  bacteria  are  already  widely  disseminated 
tfaroughout  the  system  or  localized  in  inaccessible  tissues,  the  course 
of  the  disease  is  only  too  frequently  unchecked.  Knowledge  of  this 
£ictdoes  not,  however,  excuse  us  from  pursuing  the  pyogenic  enemy 
to  the  last  by  freely  draining  its  fod  of  reproduction  wherever  they  can 
be  reached. 

In  pyemia,  quite  as  much  as  in  the  typical  form  of  septicemia,  it  is 
of  high  importance  to  attack  the  primary  site  of  disease,  especially 
■hen  symptoms  point  to  the  occurrence  of  suppurative  phlfbitis. 
MTicn  internal  foci  of  inflammation  are  inaccessible  we  are,  of  course, 
pMntric^;  but  amputation  is  indicated  when  the  extremities  are  the 
Kalof  an  othenvise  uncontrollable  phlebitis.  Extirpation  of  a  puer- 
peral uterus,  whose  veins  are  plugged  by  septic  thrombi,  is  also  indi- 
cated, and  has  been  frequently  practised. 

Septic  pyhphlehilts  due  to  localized  suppurative  peritonitis  is  more 
oAy  prevented  than  cured.  Early  removal  o{  inflamed  tissues  (if 
their  rcmo\'al  is  permissible)  and  adequate  drainage  constitute  the  best 
afeguards. 

The  accessible  intracranial  sinuses  have  been,  of  late,  frequently 
opened  and  freed  of  purulent  detritus,  and  many  lives  saved.  The 
tecbrac  of  the  operations  and  their  details  must  be  reserved  for  another 
diapler;  but  an  abstract  of  one  of  Rushton  Parker's  cases'  will  illus- 
tiatctbe  principles  followed  in  operating  upon  cases  of  thrombophlebitis. 

A  T«nit  mn  t»eiii<r-five  -jem  old  had  suflrr«d  n  rupture  of  ihe  mnnbrani  tj'miiaDi 
•f  IW  Idl  or  on  (ccouni  of  olili;  media.  I  tr  w»  DUickcd  willi  tudden  pain  in  Ihe  ear, 
Ml  ina  tht  rininti  lo  the  ninlh  day  of  bis  «ickne»  he  luffcrcd  Trom  daily  chills,  vconiling, 
^^■riKI  *terp.  atH)  pyemic  lem[)enilure.  .\  feliil  otftrrlicn  was  nnled  on  cxaminatLon, 
**)Ha  (Welling  of  thr  inasloid  tegion.  bul  wiih  tiinirfjuticin  unci  lendeme.is  oiit  the  upper 

C^  ike  Jui^lAf  tein.      Lhiublc  optic  neitrid^  rxisletl,  more  marked  on  the  Hgbl  than  on 
Wl  M«-      Dntini;  Ihe  next  Iwn  d«v-  four  rhills  iici'iirred.      On  ihc  elrvcnlh  day  of  the 
^■^  •  iBdical  c^ientiiin  wa^  tindrnakeik,  a  &kin-inci*siiin  of  seven  nr  right   inched  l"rig 

a  Bale  D*«  the  inlemil  jugular  vein.      The  vein  was  ihrombosed  from  llir  bsie  of  the 
4)«R«»il  ID  ID  juncnnn  with  (he  facial  vein ;  Ihc  facial  vein  al»  wn«  ihramlxiscd  for 

'  Hmler.  Dit  Olegtnt  Pynmie. 
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■  shoH  distance.  Bo(li  vfins  were  ligaled  with  catgut,  cut  through  at  heallhy  points,  and 
resected  as  far  a<>  thrombosed.  1'he  mastoid  process  was  opened  wi(h  hanuner  and  chisel 
and  the  transverse  sinus  laid  bare.  It  was  found  filled  with  green,  stinking,  putrefying 
fluid,  and  cuntained  the  loose  end  of  the  thrombus  which  plugged  the  jugular  vein.  The 
center  of  this  thrombus  showed  upon  section  puraleni  softening.  The  thrombosed  vein  was 
Gut  away  one  inch  from  the  bone  and  the  rest  scraped  out  with  a  sharp  spoon.  The  trans- 
verse sinus  was  similarly  scraped  out.  and,  upon  further  pinbing,  a  hemorrhage  occurred 
which  was  stopped  by  taropoiiBde.  Two  days  later  the  tampon  was  removed  under  narcosis, 
since  pus  had  collected  behind  it.  The  lower  half  of  the  wound  was  sutured,  and  healed 
by  tirst  intention,  while  the  upper  half  was  tamponed  with  gauze.  In  the  course  of  the  next 
week  the  temperature  rose  several  limes  to  y^  C,  once  indeed  to  40°  C,  but  afterward 
the  patient  seemed  to  improve.  After  sixteen  days  he  left  the  bed.  Optic  neuritis  rernained 
on  the  right  side,  but  the  subse<|uent  atrophy  improved  after  three  months,  when  the  mas- 
toid process  had  cicatrized.     The  suppuration  from  the  ear  had  ceased  long  previously. 
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ERYSIPELAS. 

Erysipelas  is  one  of  the  group  of  hospital  pests  which  antiseptic 
surgcA'  has  not  been  able  to  banish  from  hospital  wards.  It  is,  how- 
ever, seen  much  less  often,  and  has  been  steadily  diminishing  in  fre- 
quency in  well-regulated  hospitals.  It  may  be  defined  as  an  acute 
inflammation  of  the  skin,  spreading  along  the  surface,  and  rarely  to  the 
deeper  parts,  with  a  tendency  to  spontaneous  recovery.  It  is  accom- 
pifiied  by  acute  febrile  disturbance,  it  may  involve  mucous  membrane, 
it  may  recur.  The  name  is  derived  from  i/"j#/'(»;.  red,  and  -r/da, 
tkin. 

In  ibe  last  cenluiy  exlensive  epidemics  of  erysipelas  visiled  Europe^ Ftance  in  1750,  and 
Gnu  Kiilain  id  1777-  In  Ihis  ceniury  epidemics  are  also  recorded  ill  these  counlries  as  well 
IK  is  America.  The  epidemic  in  New  England  in  1842-43  was  of  a  most  malignant  type. 
ll^nad  (roro  tiliage  to  lillngc  in  a  rosnner  unUnown  at  the  pre".enl  timi;,  and  «b5  nccom- 
|aAKil  bjr  thoK  deep  suppumljon^  seen  only  id  Ihe  severest  forms  of  phlegmonous  crvsip- 
cW,  nut  only  the  subculaiieous  tissue,  but  even  ihc  muH:Ics.  being  dissected  away  from  their 
■mondings  by  the  burrowing  virul.  Since  that  lime,  outside  of  hospital  wards,  we  hear 
Kok  of  epidemics  uf  this  disease. 

Etiology. — The  cause  of  the  disease  is  the  Streptococcus  erysip- 
elatis.  The  single  co»!ci  are  from  0.3  ft  to  0.4  /i  in  diameter.  They  grow 
in  serpentine  chains,  the  links  of  the  chains  forming  pairs  of  cocci,  as 
in  most  forms  of  streptococci.  The  qiiestion  of  the  identity  of  this 
org-jnism  with  the  Streptococcus  pyogenes  is  still  in  dispute.  The 
weight  of  authority  at  the  present  time  is  in  favor  of  the  identity  of 
these  orj^anisms.     (See  Chapter  I.) 

The  cocci  are  found  in  the  capillary  lymphatics  of  the  skin  and  in 
the  lymph-spaces  chiefly  ( Fig.  44),  but  they  are  sometimes  seen  in  the 
capimry  blood-vessels  and  in  the  small  veins  also.  They  may  be 
found  even  beyond  the  lines  of  the  inflammation  in  parts  as  yet  un- 
hanged. Near  tile  red  border  the  growth  of  organisms  is  most 
•ctive.  The  lymphatics  are  so  crowded  with  them  that  the  Icuko- 
CJI0  artr  hard  to  find.  Chains  of  cocci  may  be  seen  at  this  point  in 
the  Jt^aceni  connective  tissue.  The  cocci  are  not  found  in  the  leuko- 
cytes in  the  lymphatics,  but  may  be  .seen  in  the  protoplasm  of  cells  in 
Ihe  tis<itjes.  Nearer  the  center  of  the  infected  area  the  cocci  have 
sinady  disappeared.  They  are  found  in  small  numbers  only  in  the 
wsiclcs.  They  do  not  spread  freely  through  the  circulation,  though 
tbeymay  be  found  occa.sionally  at  a  distance  from  the  point  of  inflam- 
•■aicin.  The  constitutional  disturbance  Mi  therefore  due  largely  to 
ibe  presence  of  their  toxic  products.  Though  the  appearance  of  the 
■fatuc  at  distant  points  from  the  seat  of  entrance  is  proof  positive 
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that  the  organism  may  be  transmitted  from  one  part  of  the  body  to 

another,  yet  the  most  frequent  point  of  entrance  is  through  the  wound. 
This  may  be  an  operation -wound  or  some  abrasion  or  minute  wound 
so  small  as  easily  to  escape  notice.  It  is  also  possible  that  the  organ- 
ism may  gain  an  entrance  through  the  lungs  or  digestive  tract,  and  an 


Fig.  44,— a  tmal!  vessel  near  seat  of  inflammation,  showing  perivascular  lymphatic  crowded 

witli  slrcptococci. 

intravascular  infection  may  thus  be  produced.  The  healthy  uninjured 
skin  undoubtedly  offers  a  sure  protection  against  infection  through 
that  organ. 

Erysipelas  is  a  highly  contagious  disease.  It  has  been  spread  by 
vaccination  with  unclean  technic,  and  epidemics  have  thus  been  pro- 
duced. Attention  was  iirst  called  to  the  close  relationship  of  erysip- 
elas and  puerperal  fever  by  O,  W.  Holmes.  An  excellent  illustration 
of  this  was  given  in  a  certain  hospital  when  an  attempt  was  made  to 
break  up  an  epidemic  of  puerperal  fever.  The  puerperal  ward  was 
converted  into  a  skin  clinic,  in  which  erysipelas  promptly  appeared. 
Among  the  predisposing  causes,  the  .season  of  the  year  was  at  one 
time  supposed  to  be  an  important  agent.  It  is  probable  that  the  eariy 
spring,  when  the  disease  was  supposed  to  be  more  rife,  was  influential 
only  in  that  the  general  health  of  the  patient  is  less  likely  to  be  vigo- 
rous than  at  oilier  periods  of  the  year.  Age  is  probably  a  far  more 
important  factor.  One  rarely  hears  of  erysipelas  in  children,  although 
erysipelas  neonatorum  is  still  a  familiar  disease.  Old  people  do  not 
appear  to  be  especially  liable  to  it.  Individuals  broken  down  in  health 
by  long-standing  malignant  disease  or  other  cachectic  disease  are 
undoubtedly  more  su.sccptiblc  to  infection  of  this  kind. 

Symptoms. — Constitutional  disturbance  usually  begins  before  the 
local  symptoms  manifest  themselves.  This  is  usually  in  the  form  of 
gastric  disturbance  accompanied  by  pyrexia,  which  symptoms  are 
known  as  prodromal  symptoms.     The  tongue  becomes  heavily  coated ; 
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dicre  is  a  sense  of  oppression  in  the  epigastrium,  with  maiaisL-,  and 
possibly  at  night  some  delirium.  Some  enlargement  of  the  lymphatic 
gUndfi  may  be  observed  in  the  neighborhood  of  the  wound.  A  day 
or  two  may  pass  before  any  change  occurs  in  the  ap|M.'arancc  of  the 
ntiund;  but  occasionally  the  general  symptoms  arc  so  slight  as  to 
(ass  almost  unnoticed,  and  then  the  earliest  signs  are  seen  in  the 
uiMund  itself 

By  far  the  most  characteristic  feature  of  the  disease  is  the  inflam- 
mation of  the  skin.  It  is  recognized  by  an  increased  feeling  of  ten- 
son  in  the  wound,  with  increased  heal,  and  usually  with  an  itching  or 
burning  sen.sation.  As  exudation  takes  place,  there  are  diffused  red- 
ness and  swelling,  more  or  less  uniform  at  the  center,  but  at  the  edges 
shoMJng  a  zigzag  irregularity  of  outline,  like  the  burned  edges  of  a 
ihcct  of  paper.  There  is  a  slight  yellowish  tinge  to  the  part,  and  to 
the  touch  it  feels  more  or  less  indurated.  As  the  inflammation  in- 
cfriscs,  minute  vesicles  are  found  in  lai^e  numbers.  Many  of  them 
iairly  run  together  and  form  bulla:r  filled  with  a  clear  and  slightly  yel- 
Ifiwiih  scrum,  which  subsequently  liecomes  turbid  and  at  times  puru- 
lent The  smaller  vesicles  soon  dry  and  form  yellowish  or  brownish 
scabs  which  furnish  abundant  material  for  desquamation.  This  mate- 
rial, containing  as  it  does  the  organism,  is  undoubtedly  a  prolific 
source  of  contagion. 

The  local  inflammation  shows  a  tendency  to  spread  in  various  di- 
rections. The  outline  continues  to  be  well  marked  and  is  evidently 
due  to  the  inva-sion  of  new  lymphatic  territories.  The  general  direc- 
tion  of  spreading  is,  when  on  the  extremities,  toward  the  trunk  ;  when 
on  the  face,  toward  the  scalp.  It  may  meander  over  extensive  surface, 
ind  the  disease  is  then  known  as  wandering  eryitpclas  (ambulans  or 
m^rans). 

At  the  end  of  three  or  four  days  the  local  inflammation  resolves 
and  adjacent  regions  soon  become  affected;  occasionally  the  inflam- 
mation may  appear  at  a  long  distance  from  the  original  focus  of  infec- 
tion, and  is  then  called  "  metastatic."  It  may  return  again  to  a  part 
after  having  once  left  it.  This  recurring  tendency  is  highly  charac- 
terirtic  of  the  disease.  Through  all  these  changes  the  inflammadon 
oontiDiics  to  remain  superficial,  and  suppuration  does  not  take  place. 
The  disease  usually  lasts  from  one  to  two  weeks  and  has  a  decided 
tendency  to  get  well  spontaneously ;  but  even  after  apparent  complete 
recovciy  has  taken  place,  there  is  always  danger  of  a  relapse.  Some 
patiaits  are  subject  to  what  is  called  "  babitiia!  erysipelas^  coming  on 
at  certain  periods  of  the  year  or  occurring  always  on  certain  parts  of 
ti*c  body.  In  such  cases  there  is  often  an  elephantiasis-like  thickening 
of  the  skin. 

During  the  progress  of  the  inflammation  the  lips  of  the  wound,  if 
iti^in  the  early  stages  of  healing,  are  swollen,  and  a  thin  scropurulcnt 
flutt)  cicapcs.  In  open  granulating  wounds  there  is  comparatively 
htle  disturbance.  The  disease  sometimes  appears  to  exert  a  stimu- 
htingcflcct  upon  the  healing  process,  the  wound  healing  more  rapidly 
•km  bdbrc.  This  is  prob,-ibly  due  to  the  absence  of  the  virus  in  the 
QpiDarics  of  the  granulation-tissue,  and  the  extra  blood-supply  which 
they  receive.     The  granulations   are,  however,  occasionally  infected. 
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and  then  lose  their  brilliant  color  and  become  dull  and  glazed.  Hem- 
orrhagic and  necrotic  spots  may  be  found  here  and  there.  There  is 
considerable  sloughing  in  fresh  wounds  healing  by  first  intention,  and 
the  healing  process  may  be  badly  broken  up  under  such  circumstances. 
Pus  may  form  and  burrow  freely.  Secondarj-  hemorrhage  may  occur 
under  these  conditions. 

Pyrexia  is  usually  well  marked.  The  di.sca.se  may  be  ushered  in 
by  a  ehill  with  a  rapid  ri.se  of  temperature  which  may  reach  104°  or 
105°  F.  The  temperature  usually  continues  high,  but  varies  in  a  most 
erratic  manner,  keeping  pace  with  the  local  progress  of  the  disease. 
After  a  prolonged  attack  there  may  be  a  subnormal  temperature  for 
several  days,  probably  due  to  the  feeble  state  of  the  patient. 

Varieties. ^Phlegmonous  erysipelas  is  characterized  by  a  spread- 
ing downward  of  the  virus  into  the  .subcutaneous  ti.ssue.  The  infection 
is  much  more  extensive  than  in  ordinary  erysipelas,  and  the  local 
symptoms  arc  consequently  much  more  marked.  The  fever  continues 
high,  and  is  often  typhoidal  in  character  It  is  not  long  before  suppu- 
ration takes  place.  Free  incisions  give  vent  to  a  thin  ichor,  in  which 
may  be  found  shreds  of  sloughing  tissue.  Large  sloughs  eventually 
are  discharged,  resembling  masses  of  wet  blotting-paper.  The  pus 
burrows  rapidly,  and  the  skin  for  con.siderable  distances  is  thus  dis- 
sected off  from  the  subjacent  fascije.  In  rare  instances,  suppuration 
may  extend  more  deeply  still  and  invade  the  intermuscular  spaces,  but 
this  type,  fortunately,  is  rare,  F-ven  the  perio.steum  and  bones  may 
become  infected,  and  cases  are  recorded  in  which  the  joints  have  been 
involved  and  have  become  disorganized.  In  the  extreme  forms  of  this 
type  large  ma.sses  of  tissue  may  become  gangrenous.  The  approach 
of  gangrene  is  ushered  in  by  a  dusky  discoloration  of  the  skin.  Large 
bulla.-,  form  filled  with  fluid  having  an  offensive  odor 

Some  of  the  more  rapidly  spreading  types  of  streptococcus -infec- 
tion, such  as  are  .seen  following  infection  of  the  hands,  are  closely 
allied  to  erysipelas,  and  have  been  by  some  authors  grouped  with 
this  disea.se.  The  close  resemblance  of  the  two  organisms  is  strongly 
suggestive  of  the  similarity  of  the  diseases. 

Facial  erysipelas  has  sometimes  been  called  "  idiopathic  "  erysip- 
elas. Infection  occurs  through  minute  wounds  or  abrasions  near  the 
root  of  the  nose.  Starting  from  the  bridge  of  the  no.se,  the  inflamma- 
tion spreads  laterally  across  the  cheeks  toward  the  ear,  rarely  involv- 
ing the  tip  of  the  nose.  It  is  said  to  have  a  preference  for  the  right 
cheek.  Its  outline  is  usually  well  marked.  It  spreads  gradually  over 
one  or  both  cheeks,  and  in  severe  cases  involves  the  entire  face,  the 
ears,  and  eventually  the  scalp ;  less  frequently  it  involves  the  neck.  In 
its  full  development  the  swelling  is  great  and  the  features  are  much 
distorted.  The  eyelids  are  edematous,  and  the  nostrils  are  obstructed 
so  that  the  patient  is  confined  to  mouth-breathing.  There  are  high 
fever  and  a  stnmg  tendency  to  delirium,  which  is  explained  by  irrita- 
tion of  the  cortex  of  the  brain  rather  than  by  congestion.  This  form 
of  erysipelas  may  become  phlegmonous,  and  orbital  suppuration  may 
occur  with  infection  of  the  eye  itself  Blindness  is  a  not  infrequent 
result  of  such  complication.  Septic  meningitis  may  also  be  the  out- 
come of  such  Severe  types  of  infection  as  this.     But  although  the 
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swelling  of  the  face  may  be  most  formidable  and  the  delirium  of  an 
aggravated  type,  such  cases  may  eventually  terminate  favorably. 

Erysipelas  neonatorum  occurs  through  infection  from  the  granu- 
lating surtitce  of  the  stump  of  the  umbilical  cord.  The  disease  is 
charactcri/.ed  by  a  blush  about  the  navel  with  an  extension  of  the 
inflammation  to  the  thighs  and  genitals.  There  is  considerable  fever; 
ganj^rene  or  suppuration  may  occur  as  complications.  The  patient 
fills    into     a     collapse  ^f=z^^,~^ 

and  succumbs  to  the  ^t\^^^^^' 
diMjasc  on  the  sixth  Jr<^  ^»—  * 
to  the  tenth  daj'. 

Erysipelas  is  found 
occasionally  in  the  mu- 
cous membranes.  In 
tiaal  cr>-siix.Ias  there 
Ta.\y  be  .in  extension  to 
ihe  pbar>-nx  and  again 
back  through  the  Ku- 
stathian  tube  to  the  ex- 
ternal auditory  meatus 
ami  the  scalp.  It  may 
be  iraced  as  far  as  the 
lungs.  Such  combina- 
tions have  been  known 
as  erysipelatous  an- 
gina. If  the  glottis 
ihould  become  edema- 
lims,  as  it  occasionally 
docs,  the  result  is 
twarly  always  fatal. 
The  female  genitals 
«id  the  rectum  are 
also  occa.sionally  the 
wat  of  cr\-si}>c!as. 

Pathological 
Anatomy. — Tht  j)rin- 
apal  anatomical  seat  of 
the  disease  is  the  skin. 
The  cells  of  the  epi- 
dermic layer  arc  much 
swi'llen  or  raised  up 
tnto  iT»ick-s  by  fluid. 
There  is  much  edema 
of  the  softer  structure 
of  the  .^kin  and  sub- 
cutaneous tissue,  as  shown  by  the  microscope  (Fig.  45).  The  rich 
opAlaiy  network  of  lymphatics  existing  in  the  upper  layers  of  the 
tile  ilcin,  are  crowded  with  leukocytes.  Streptococci  are  found 
flog  the  margin  of  the  infected  area,  also  in  the  neighboring 
p»l».  in  the  lymphatics,  and  in  the  subcutaneous  tissue.  When  the 
)m*tb  nf  streptococci  is  unusually  active,  minute  abscesses  form  and 


V\ii-  4*;. — A  section  of  skin  rnim  itcjilp  in  a  CBS«  of  erysip- 
irlas"  a.  epiiiertnic  liivcf.  vrsii-lr-formaliun ;  b.  cutis  vera, 
Icukocyles  iTowiliOK  Ihr  perivawulnr  lymph-ipacfs :  ■-,  511b- 
cuuncous  ndlpuK  lls^ue  will]  Imu  uf  oeltuLii  mlilltalion ; 
W.  f.  cdcmaloiu  connective  ti^tSiic  containing  spitcc^  di^trnded 
by  ciudalion :  also  perivaicillBr  lytnpli-^pikces  filled  with 
Iruk'icvir*. 
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are  often   absorbed  without  giving   any  external   indication   of  their 
presence. 

Tlipre  are  no  orgnnisms  found  in  th«  blood-vessels,  for  Ihey  ire  usually  speedily  destroyed 
there,  probably  by  the  aiiiiluiie  propcrlii^'i  uf  Ihe  hlixid-scriiiii.  The  white  coqiusclcs  are 
grcnlly  increased  in  numbers,  and  Ibc  red  blood-disks  assume  a  peculiar  creiiated  ap]}earance. 
lindcNzardilis  involving  the  hiciispid  and  injlrul  valves  may  occur,  and  also  pericarditis.  A 
^Ughl  systolic  murmur  i^  Frcijuenily  heard,  which  disappears  with  tbe  erysipelas.  Tbe  gajs. 
trie  disturbance  \i  prolmbly  due  Ik  Ihe  general  sepsis,  as  there  are  no  li>cal  changes  to 
account  for  it.  Ulceralious  of  tbe  anall  tjitestinc  are,  bowe^■er.  sttmetimes  seen.  The  brain 
and  membranes  are  somewhat  hvperemic  and  edematous.  Su]j]iuratLve  meningitis,  wbich 
is  extremely  rate,  results  fnmi  invasion  from  a  phli-gmonuus  inrtommaiion  through  the  orbit. 
Cloudv  «H^i^lliii|^  of  the  spleen  and  kidneys  and  enlargement  of  tbe  parotid  gland  are  found. 

Prognosis. — The  prognosis  of  erysipelas  isi,  on  the  whole,  favor- 
abli:.  After  a  few  days  of  inflammation  there  is  a  marked  tendency  to 
resolution,  and  this  clinical  fact  should  be  borne  in  mind  in  estimating 
the  valuL-  of  any  remedy.  The  disease  varies  greatly  in  its  severity, 
but  it  may  be  said,  on  the  whole,  that  it  is  less  dangerous  in  itself  than 
through  its  complications. 

The  repair  of  a  wound  is  checked,  and  the  recently  cut  surfaces 
are  exposed  to  a  widespread  sepsis.  There  is  always  danger  in  such 
cases  while  the  infections  last.  A  large  vessel  may  be  opened,  or  a 
fatal  edema  or  infection  of  the  air-passages  may  lake  place.  Severe 
erj-sipclas  of  the  head  or  neck  is  always  a  source  of  anxiety  for  this 
reason,  and  alst)  from  the  danger  to  the  brain  and  its  membranes. 

Treatment. — This  consists  in  the  use  of  some  local  antiseptic 
application  and  internal  medication.  The  constitutional  treatment  is 
at  the  present  time  supportive.  Purgatives  and  other  depleting  meas- 
ures should  carefully  be  tnvoidcd,  as  the  system  needs  strength  to  com- 
bat sepsis.  For  this  reason  alcoholic  stimulants  are  valuable  if  used 
judiciously.  They  are  needed  chiefly  in  the  aged  and  feeble  and  those 
broken  down  by  long-standing  di.*ease.  A  nourishing  and  digestible 
diet  is  of  the  greatest  importance,  and  it  is  probable  thai  good  nursing 
has  as  much  to  do  with  the  successful  treatment  of  erj'sijxrlas  as  any 
of  the  favorite  methods.  Alcohol  h.id  better  not  be  given  in  facial 
erysipelas  when  there  is  much  delirium,  although  delirium  does  not 
necessarily  contraindicate  its  use.  I-arge  doses  of  tincture  of  chlorid 
of  iron  are  supposed  lo  have  a  beneficial  efiect  upon  the  blood-corpus- 
cle in  this  disease.  It  is  given  in  dram  doses  ever>two  hours.  Quinin 
is  also  much  employed.  The  drugs  are  frequently  given  conjointly; 
5  to  lo  gr.  (0.33  to  0.66  gm.l  of  quinin  in  combination  with  30  drops 
(2  gm.)  of  the  tincture  of  the  chlorid  of  iron,  given  3  or  4  times  a  day, 
exert  a  powerful  tonic  action  which  is  undoubietUy  beneficial  in  the 
more  chronic  forms  of  en,sipi'las  or  during  the  later  stages  of  an  acute 
attack.  Antipyretics  have  little  influence  on  the  temperature,  and  are  con- 
traindicaled  owing  to  their  depressing  influence  upon  the  heart's  action. 

The  number  of  salvx-s  and  unguents  recommended  for  this  disease 
is  legion.  It  is  probable  that  some  antiseptic  drugs  are  capable  of 
absorption  through  the  skin  and  of  exerting  an  antiseptic  action  upon 
tiie  organism,s.  Among  the  best  of  these  is  carbolic  .idd.  Thi^  may 
be  applied  in  vaselin  as  a  vehicle  of  the  strength  of  1  :  100  if  a  lai^e 
surface  is  to  be  covered,  and  stronger  when  the  area  is  small.  Care 
should  be  taken  that  it  is  tiot  absorbed  in  large  doses.     Gutta-percha 
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tissue  should  be  applied  over  it  as  a  protection.  On  small  areas  on  tlie 
face  an  evaporating  lotion  of  carbolic  acid  (consisting  of  \  drum  ( 2  gm.) 
of  crystallized  carbolic  acid  to  4  ounces  (125  gm.J  each"  of  water  and 
alcoholfmay  be  applied  on  a  piece  of  old  linen.  This  lotion  can  be 
inanyvd  to  alternate  with  sonic  form  of  antiseptic  ointment.  In  ery- 
iifu'las  of  the  limbs,  large  antiseptic  poultices  of  phenyl  or  other  form  of 
cirtwlic  acid  exert  a  moderate  antiseptic  action.  Subcutaneous  injec- 
Ul>ll^  around  the  intlanied  borders  have  not  met  with  sufficient  success 
lo  encourage  their  further  use.  In  using  carbah'c  acid,  a  careful  watch 
should  always  be  Wept  upon  the  urine.  An  indication  of  olive  coloring 
should  be  cause  for  omitting  the  drug. 

lioiation  is  important,  as  desquamation  is  always  a  source  of 
danger,  and  it  is  probable  that  autoinfection  may  occur  in  tliis  way. 
Many  of  the  relapses  are  probably  due  to  a  re-inocu!ation.  Special 
attention  should  therefore  be  given  by  the  nurse  to  ihe  care  of  the  skin 
of  ihe  w  hole  body.  Frequent  bathinj^  with  alcohol  and  water,  or  with 
boric-jcid  wash,  will  disinfect  the  scaling  epidermis. 

Frwquent  change  of  clothing  is  important  for  the  same  reason.  If 
posiible,  the  patient  should  have  a  complete  change  of  all  coverings, 
and  should  be  removed  to  another  room  as  a  prophylactic  against 
rtl.ipse  during  the  (leriod  of  convalescence. 

Curative  Infltience. — During  attacks  of  erysipelas  it  has  long 
been  noticed  that  chronic  diseases  of  the  skin  often  disappeared,  such 
as  tuberculous  nodules,  old  ulcers,  and  sinuses  that  have  obstinately 
resisted  various  modes  of  treatment.  Old  neuralgias  get  well,  and 
even  cancer  has  been  known  to  break  down  and  heal.  The  most 
beneficial  effect  has  been  observed  on  sarcoma.  This  was  first  noticed 
clinically  by  Tillman,  and  now  has  been  employed  for  a  long  time  with 
some  success  by  Coley  and  others.     (See  Sarcoma.) 

HOSHTAL  GANGRENE. 

T^is  disease  has  disappeared,  and  is  unknown  to  the  present  gener- 
ation of  surgeons  in  civilized  countries.  It  is,  however,  highly  prob- 
able that  during  war  and  famine  it  will  reappear,  and  that  it  prob- 
alJ)'  exists,  perhaps  unrecognized,  in  some  countries  where  antiseptic 
ncliiods  are  still  unknown.  It  is  desirable,  therefore,  that  one  who 
hu  wen  many  severe  epidemics  should  record  his  experience,  as  there 
«re  not  a  great  many  surgeons  at  present  living  who  are  able  to  do 
tUs. 

Hospital  gangrene  is  a  contagious  traumatic  disease,  characterized 
by  a  diphtheritic  wound-inflammation  produced  by  poison,  the  precise 
mtnrc  of  which  is  not  yd  fully  UTulerstood  (probably  a  streptococcus), 
and  usually  accompanied  by  more  or  less  profound  septic  fever.  The 
csoditions  favoring  an  epidemic  of  this  disease  are  those  which  prevail 
(btring  war  time,  when  [jatients  are  crowded  into  hospitals  with  lack 
rfptopcT  means  f^f  treatment.  The  disease  ran  rife  in  the  Crimean 
War,  and  also  in  the  American  Civil  War.  The  conditions  prevailing 
HI  the  Conffdcrale  prison  at  Andersonvillc,  South  Carolina,  furnish 
pnbably  the  most  typical  modem  example  of  those  conditions  favor- 
ible  for  the  development  of  such  an  epidemic. 
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Tbc  grouuil  covered  by  the  priuin  was  alxjul  15  Hires  in  extent,  but  lUe  ^pace  taken  up 
by  llic  various  walls  and  tlic  "ileod-liiic "  reduced  Ihc  spnte  lo  about  II  acres.  This 
groutid,  «Jikh  ^lopt'd  toward  the  center  on  either  aide,  wus  riivided  into  halvts  bv  a  sjuall 
muddy  brook  wliicb  wa>  Jeiilcd  by  the  refuse  iiiid  sewage  of  the  prison.  A  morass  of 
buinan  exctement  lined  the  banks  of  ilie  stream.  I'bere  WBS  no  protection  to  the  pris- 
oners except  caves  buill  by  them.  The  greatest  number  of  men  occmnulated  al  any  one 
lime  is  said  to  have  been  35,000.  tn  the  month  of  AuEuat,  1S64,  there  were  31,678  pris- 
oners in  the  .stockade,  anil  the  number  of  deaths  in  ihaf  month  amounted  to  799J.  During 
tlie  months  of  July,  -■Kuiini.t.  and  September.  1864,  there  were  I08  deaths  from  hospital 
gangrene  in  Ward  No.  S  of  the  Andcrsonville  Hospital.  It  is  probable  that  there  were 
a  large  number  of  deaths  from  gangrene  following  bites  from  uisecl^  or  super^'ening  on 
ulceraEion  from  acurvv,  ete,^ 

No  bacteriologital  reports  have  been  made  of  the  viras  of  this  disease,  and  no  suitable 
opportunity  has  offered  since  the  advent  of  bacteriology,  ll  seems  highly  probable  from 
the  mode  of  action  cif  the  virus,  and  from  such  imperfect  histological  reports  as  have  been 
receivcil,  that  the  organism  is  a  streptococcus,  and  possibly  an  tirgaiiism  wbicb,  by  frequent 
culture  under  certain  conditions  through  several  generations,  is  able  to  produce  the  palho- 
logical  phenomenon  of  hospital  gangrene.  It  m.iy  be  for  some  such  reason  as  this  that  we 
do  not  see  isolated  cases,  as  in  ail  other  traumatic  infective  disease.  The  period  of  incuba- 
tion IS  uQCcrtain,  varying  from  twenty-four  hours  lo  three  days. 

The  principal  forms  are  tlie  ulcerating,  the  pulpy,  anii  the  diphthe- 
ritic— names  given  to  intiicate  the  appL-arance  of  the  surface  of  the 
wound.  The  local  constitutional  symptoms  are  far  more  pronounced 
in  the  pulpy  form.  This  variety  includes  all  the  graver  cases  with 
extensive  and  di^ep-seated  loss   of  tisstie. 

One  of  tht;  earliest  symptoms  observed  in  a  wound,  indicating  the 
approach  of  the  di.sease,  is  a  change  in  the  color  of  the  granulations. 
In  the  era  when  epidemics  of  hospital  gangrene  flourished,  dressers 
were  warned  to  watch  carefully  for  the  "  grayish  look  "  of  the  granu- 
lating surface.  If  this  appearance  became  more  marked,  it  was  evi- 
dent that  the  superficial  layer  of  the  granulation-tissue  had  bocome 
necrosed,  and  that  a  "  rind  "  or  "membrane"  had  formed,  giving  the 
surface  a  diphtheritic  look.  This  is  known  as  the  diphtha-itk form. 
The  secretion  of  the  wound  is  at  first  diminished,  and  later  it  is  increased 
and  becomes  more  liquid  than  usual,  quicrkly  saturating  the  dressings. 
The  edges  of  the  wound  art  somewhat  inflamed  and  thickened  and 
indurated.  As  the  rind  separates,  sloughs  of  considerable  size  are 
revealed.  The  wound  assumes  a  crater-like  appearance,  and  the  edges 
of  the  wound  appear  as  if  gnawed  by  some  rodent.  When  the  process 
is  arrested  by  treatment,  the  sloughs  are  cast  off,  healthy  granulations 
appear,  the  congested  edges  of  the  wound  resume  their  natural  thick- 
ness and  color,  and  the  cicatrizing  process  is  resumed. 

XTlcerating  Form. — Here  the  formation  of  a  rind  does  not  occur. 
The  granulations  have  an  unhealthy  appearance,  are  paler  than  usual, 
and  lose  their  plump,  exuberant  character.  On  closer  inspection, 
minute  e.xtrava.sations  or  exudations  are  seen,  and  when  these  points 
break  down,  small  cup-shaped  ulcerations  appear  on  the  surface  of  the 
granulations.  The  edges  of  the  wound  begin  to  recede,  and  the 
wound  becomes  larger.  Sometimes  there  is  only  a  tendency  of  the 
wound  to  enlarge  without  any  marked  organic  changes — a  condition 
analogous  to  ulceration.  At  other  times,  the  wound  gradually  be- 
comes discolored,  and  the  discharge  is  thin  and  streaked  with  blood 
and  has  a  foul  odor  (ichor).  The  interior  of  the  wound  has  finally 
a  dirty-greenish  hue.  The  edges  of  the  skin  are  frequently  quite 
'  Warren's  "Surgical  Pathology." 
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unchanged   in   appearance:,  and   one  is  often  surprised  to  find   them 
deeply  undermined  with  gangrenous  pockuts. 

The  progress  of  the  disease  is  not  rapid,  and  the  breaking  down 
and  enlargement  of  the  wound  and  the  formation  of  sinuses  burrowing 
in  different  directions  may  be  an  affair  of  several  weeks.  In  this  way 
an  amputation-stump  may  become  fairly  riddled  with  pockets  and 
sinuses  extending  up  between  the  muscles  or  beneath  a  fascia.  The 
different  phases  of  phagedtma  are  well  portrayed  bj'  this  type  of  gan- 
grene. There  is  not  much  constitutional  disturbance  at  first,  but  the 
temperature  sliows  marked  fluctuations  corresponding  with  the  local 
spread  of  the  infection.  In  a  prolonged  case  of  several  weeks  there  is 
a  corresponding  amount  of  septic  fever,  which,  although  it  does  not 
develop  into  a  true  septicemia,  tells  more  or  less  severely  upon  the 
patient  and  causes  emaciation  and  prostration. 

The  pulpy  form  is  the  mcst  acute  and  grave  type  of  the  disease. 
The  local  reaction  is  very  pronounced,  and  it  is  evident  from  the  first 
that  a  most  virulent  infection  has  occurred.  The  integuments  of  the 
wound  are  swollen  and  tender,  and  a  thin  gieety  discharge  oozes  from 
between  its  lips.  The  inner  surface  of  the  wound  becomes  edematous 
and  sphacelated,  and  the  tissues  are  extravasated  with  numerous  small 
effusions  of  blood.  The  surface  is  soon  changed  to  a  dirty-gray  or 
greenish  mass  of  putrefying  tissue.  The  secretion  from  the  wound 
becomes  enormous,  and  has  a  characteristic  fetid  odor.  The  edges  of 
the  wound  become  everted,  and  the  spongj'  mass  of  pulreljing  tissue 
wells  up  between  them.  The  edges  of  the  white  skin  marked  with  blue 
veins  are  a  deep  red  and  extremely  sensitive.  These  changes  take  place 
very  rapidly,  and  a  wound  may  increase  to  four  times  its  size  in  from 
twenty-four  to  fortj--eight  hours.  In  the  meantime,  the  system  begins 
to  sympathize,  and  true  septicemia  may  be  developed,  which  may 
carr)'  the  patient  off  As  the  infection  advances,  no  tissues  are  spared: 
the  muscles  are  laid  bare  and  the  nerves  are  dissected.  The  fascix  are 
more  resistant.  Articulations  may  be  laid  open,  and  even  the  bones 
may  not  escape  necrosis.  The  great  swelling  which  takes  place  is 
often  deceptive  as  to  the  amount  of  tissue  which  has  been  lost.  This 
is  obvious  after  the  sloughs  hiive  separated  and  the  coverings  of  the 
wound  contract.  Although  septicemic,  the  patients  are  fully  alive  to 
the  sensitiveness  of  the  wound,  which  at  limes  appears  to  be  hypercs- 
thetic.  The  pain  attending  the  dressing  of  wounds  in  some  cases  is  so 
great  that  few  men  possess  the  fortitude  to  go  through  the  ordeal. 
Secondary'  hemorrhage  is  a  not  infrequent  complication  of  this  type 
of  gangrene.  Ligature  of  the  arterj'  at  the  point  of  election  may 
be  followed  by  gangrene  of  the  new  wound  and  a  later  hemorrhage 
from  this  point.  Krysi[>elas  is  also  an  occasional  comphcation  of  the 
disease. 

Diagnosis. — There  is  occasionally  some  difficulty  in  recognizing 
the  disease  in  its  early  stages.  Mechanical  or  chemical  irritation  may 
produce  changes  in  the  appearance  of  the  granulation.  This  may 
result  from  irritating  dressings  or  from  the  presence  of  a  foreign  body 
in  the  recesses  of  the  wound  or  .sinus.  In  aged  patients  a  superficial 
slough  will  often  form  on  the  surface  of  a  rind  caused  by  the  coagula- 
tion of  the  slowly  secreted  exudation.     Occasionally  bed-sores  will 
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counterfeit  closely  the  appearance  of  this  disease,  both  in  the  slough- 
ing character  of  its  surface  and  in  the  rapidity  with  which  it  grows. 

Prognosis. — The  prognosis  of  the  disease  is  very  variable.  Iso- 
lated cases  are  usually  of  a  subacute  or  chronic  type ;  it  is  only  in  epi- 
demics under  unusually  unfavorable  conditions  that  the  malignant 
types  of  the  disease  are  observed.  In  the  "Surgical  History  of  t!ie 
War  of  the  Rebellion."  the  number  of  cases  of  hospital  gangrene  re- 
corded was  3642.  Of  these  cases,  1 142  were  fatal,  making  a  mortality 
of  45.6  per  cent.  In  one  of  the  mure  recent  epidemics  which  occurred 
in  the  barracks  at  Ilerlin,  the  mortality  was  only  6  per  cent. 

Treatment. — In  order  that  local  treatment  may  be  of  any  avail, 
the  agent  employed  should  be  brought  directly  in  contact  with  the 
freshly  diseased  tissue.  The  dead  tis'iuc  on  the  surface  must  then  be 
cut  away,  and  all  sinuses  must  be  relentlessly  laid  open,  so  that  any 
particle  of  infected  tissue  may  be  subjected  to  the  action  of  the  anti- 
septic drug.  The  actual  cautery  has  always  been  a  popular  mode  of 
treatment,  it  is  said  to  be  less  painful  than  applications  of  perchlorid 
of  iron.  Cold  applications  applied  subsequently  relieve  the  pain. 
An  antiseptic  poultice  alternating  with  an  antiseptic  bath  would  favor 
the  separation  of  the  sloughs  and  prevent  relapse.  Nitric  acid  in  full 
strength  was  used  by  Southern  surgeons  during  the  Civil  War.  "The 
acid  should  not  merely  coagulate  and  alter  completely  the  gangrenous 
matters,  but  also  come  in  contact  with  the  sound  parts  "  (Jones).  For 
such  severe  measures  the  patient  should  be  placed  under  the  influence 
of  an  anesthetic. 

Keen  usai  acid  nitrate  of  mcrcuiy,  preferring  il  lo  nitric  acid,  as  il  caused  less  pain  and 
saved  lirae  by  enabling  the  surgeon  (o  dispense  wilh  an  anesthelic.  The  slough  also  sepa- 
rated more  quickly,  (ioldsmilh  advocaletl  slriiiiKly  llie  .iiiplieaticm  of  pure  or  fuming 
bromiii.  It  sprends  readily  in  all  direclinn!>,  and  its  action  is  almost  in'^tonlaneous.  In 
milder  cases  an  acid  wash  conlaining  hydriH-liltirii:  acid  wa.s  used  for  many  years  at  the 
Massachusetts  General  Hospital.      It  cao  be  applied  on  gau7e- 


B  Potass,  chtor.. 
Acid,  hydroirhlor. , 
Misce  et  adde 
Aqua::, 


Jss  (16  gm.)  ; 
3i  (j-TSc.c-)- 

S*iij  (836  c.c). 


Most  of  the.se  remedies  would  be  abandoned  at  the  present  time 
for  modern  antiseptics.  It  would  be  necessary,  however,  to  curet  and 
cut  away  all  gangrenous  tissue  with  the  same  care  as  was  employed 
formerly.  Hydrogen  peroxid  vi-ould  be  eminently  useful  in  aiding  in 
the  destruction  of  the  dead  organic  matter.  It  could  be  followed  by 
an  application  of  carbolic  acid,  1  :  20  or  1  :  40.  A!l  recesses  of  the 
wound  should  then  be  stuffed  with  iodoform  gauze.  An  amputation 
for  hospital  gangrene  of  a  stump  was  successfully  performed  by  a 
German  surgeon  in  1870.  The  antiseptic  agent  used  was  "phenyl 
water." 

All  cases  should  be  immediately  isolated,  and  the  ward  in  which 
the  case  occurred  should  be  thoroughly  cleansed  and  disinfected,  A 
chronic  case  which  has  obstinately  resisted  local  treatment  will  often 
improve  rapidly  after  a  complete  change  of  room,  of  bedding,  and  of 
clothing. 
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TETANUS. 

The  name  is  derived  from  tuuuv.  to  stretch.  Tetanus  is  an  infectious 
disease,  generally  traumatic  in  origin,  characterized  by  painful  tonic 
coiiiraction  of  the  muscles,  beginning  with  those  of  the  jaw  or  the 
neck,  and  affecting  progressively  the  muscles  of  the  trunk  and  limbs. 
It  is  accompanied  by  convulsive  paroxysms  and  an  irritation  or  inflam- 
mation of  the  nerve-centers  in  the  upper  portion  of  the  cord.  It  is  due 
to  the  presence  of  a  bacterial  virus  in  the  blood  and  tissues. 

The  BadliuA  lelani  was  iliscovereti  in  iSSj.  It  is  n  long,  slendei  md,  in  one  end  of 
which  >  »pore  form?,  dislending  the  cell  inio  a  '■  dnimsiick  "  sliapt'  (  SM  Clioplcr  I,  Fin.  4)- 
ll  is  one  of  ihe  moiil  marked  tvpe&  of  anaeKibic  bacleria.  Tile  organEEm  i^  found  pnncipally 
in  th»  liisues  nenr  the  wound  of  entrance,  but  it  ha,*  not  been  sntisfactorily  demo nrfm led  in 
cither  the  blood,  Ihe  intcmjil  organs,  or  the  central  nervous  avsteni'  It  i?  o-^sumed  thai  the 
orgatiians  maiiufactuie  at  the  point  of  enlronce.  ui  that  there  k  introduced  with  lltetn,  an 
ciiiremely  acliTe  poison  which  disseminoie*  itself  throughout  the  body.  The  relation  of  Ihe 
tmui  h>  the  oiganism  ami  to  the  nslem  in  tetanus  i^.  according  lo  the  latest  authonCies,  not 
yet  clrar.'  The  tetanus  bacilli  ate  found  in  1nn;e  number*  in  the  soil,  particularly  in  garden 
(Oil,  in  the  dii5t  and  snecpings  of  our  streets  and  dwellings,  in  crumbling  masonry-,  in  pulre- 
tjiof,  fluids,  and  in  manure.  Their  presence  in  these  localities  is,  however,  always  uncer- 
tain. It  hRpo  happens  llial  particular  geograpbica!  legions  are  favoreti  by  its  presence.  It 
is  only  by  c\pettmental  iiHM:ulations  that  its  presence  can  deHnitely  be  established  in  any 
locality.  Owing  to  Ihe  anacmbic  nature  of  the  organism,  the  bacilli  are  unable  lo  grow 
■pon  snail  and  superficial  wounds,  except  in  rare  instances.  Punclured  wounds  lodge  the 
oiguiisms  deep  in  the  tissue,  a  soil  belter  titled  for  their  growth. 

Etiology. — Among  the  predisposing  causes  of  tetanus  may  be 
mentioned  age.  It  is  peculiarly  fatal  to  children  under  ten  years  of 
Mc.  The  disease  is  said  to  be  rare  in  later  life.  Meteorological 
changes  have  been  said  to  favor  tetanus.  Certain  changes  of  weather 
after  battles  have  been  repeatedly  noticed  as  preceding  epidemics  of 
tetanus.  In  tropical  countries  the  disease  appears  to  be  much  more 
common.  The  gravitv-  of  the  wound  does  not  appear  to  have  any 
influence  upon  the  severity  of  the  disease. 

All  cases  of  tetanus  are  traumatic  in  origin — that  is,  it  is  highly 
probable  that  the  poison  is  introduced  through  some  wound,  however 
sliKht.  whether  of  the  skin  or  mucous  membrane.  The  old  term 
"  idiopathic  tetanus "  had  better  be  abandoned.  The  term  seems, 
however,  to  show  that  many  cases  of  tetanus  do  occur  when  there  is 
no  appreciable  wound.  Cases  of  tetanus  following  simple  fracture 
have  been  reported ;  also  infection  through  so  shght  an  injury  as  a 
hang-nail. 

Varieties. — Tetanus  is  divided  into  acute  and  chronic  forms,  the 
fomier  being  almost  invariably  fatal,  and  cure  often  occurring  in  the 
Utier  variety.  Puerperal  tetanu.s  and  trismus  nascentium  are  varieties 
usually  considered  as  a  group  by  them.sclvcs,  but  they  are  in  reality 
not  distinguished  ctiologically  from  traumatic  tetanus.  Head-tetanus 
or  tetanus  hydrophobieus  presents  certain  clinical  peculiarities  which 
justify  placint;  it  in  a  class  by  itself. 

Acute  tetanus  usually  has  a  period  of  incubation  of  about  one 
week.  The  first  sjTnptom  is  a  stiffness  of  the  muscles  of  the  neck, 
coming  on  in  the  morning  after  a  comfortable  night's  rest  It  is 
usually  attributed  to  a  cold,  but  during  the  day  the  stiffness  extends 

*  Rov.  in  hi*  eihanuivc  work.  "  l>«r  Stirrkismpf  bei  Menschen,"  1897,  pronoances  it 
■■  amulTcd  nddle. 
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to  the  muscles  of  the  jaw,  making  it  difficult  for  the  patient  to  open 
his  mouth.  There  is  as  yet  no  discomfort,  but  the  contractions  soon 
become  painful,  and  owing  to  their  power  and  frequency  it  becomes 
difficult  even  to  swallow  liquids.  The  niassctcrs  arc  now  felt  in  a 
state  of  rigid  contraction  as  hard  as  iron,  and  with  well-marked  bor- 
ders. The  muscles  of  the  back  of  the  neck  arc  next  involved,  and  the 
head  is  thrown  backward  by  their  contraction.  Before  the  close  of 
the  day  all  the  muscles  of  the  back  are  affected,  producing  opisthot- 
onos. If  the  hand  is  now  passed  down  to  the  abdomen,  the  parietes 
are  felt  as  firm  and  rigid  as  a  metal  plate.  There  is  already  retention 
of  urine,  which  when  drawn  off  with  the  catheter  appears  to  be  abun- 
dant and  of  a  normal  color.  The  muscular  spasm,  at  first  clonic,  be- 
comes now  continuous  or  tonic.  Attempts  to  swallow  cause  pain  and 
distress.  After  a  sleepless  night  the  patient  is  found  the  next  morning 
well  advanced  in  the  .stage  of  full  development  of  the  disease.  The 
locking  of  the  jaws  is  as  complete  as  before,  and  nearly  all  the  volun- 
tary muscles  of  the  body  except  those  of  the  upper  extremities  are 
involved.  The  arms  may  also  be  involved,  but  only  to  a  partial  ex- 
tent. The  lower  extremities  arc  rigidly  extended.  The  muscles  of 
the  face  are  affected;  the  eyelids  are  seamed,  tlie  nostrils  and  the 
mouth  are  puckered  in  a  peculiar  way.  while  its  corners  are  drawn 
back  by  a  contraction  of  the  checks.  The  eyes  are  drawn  in  and 
partly  closed,  and  occasionally  there  is  .strabismus  (Risus  sardonicus). 
The  patient  is  now  extremely  sensitive  to  disturbance  of  any  kind; 
attempts  to  move  him  in  bed,  to  administer  nourishment,  or  to  pass 
the  catheter  bring  on  a  paroxysm  of  convulsive  action  of  the  most 
painful  character.  The  violence  of  muscular  contraction  has  even  been 
sufficient  to  produce  rupture  of  the  muscle. 

Meanwhile  the  patient  lies  as  still  as  possible,  usually  upon  his  .side, 
with  his  head  drawn  rigidly  backward  and  with  a  deep  hollow  in  the 
curve  of  the  spine.  His  mind  is  perfectly  clear,  but  the  rigidity  of  the 
muscles  of  the  jaws  and  cheeks  does  not  enable  him  to  articulate 
clearly.  The  spasm  of  the  sphincters  renders  voluntary  movements 
of  the  bowels  or  the  bladder  very  difficult. 

During  the  height  of  the  disease — that  is,  on  the  third  or  fourth 
day,  exhaustion  becomes  marked  from  loss  of  nourishment  and  sleep. 
Short  periods  of  sleep  may  be  obtained  by  drugs,  during  which  there 
is  some  relaxation  of  the  muscular  .spasm  ;  but  no  complete  remi.ssion 
ever  occurs,  and  the  patient  is  soon  startled  out  of  a  disturbed  slumber 
by  renewed  convulsive  movements.  There  is  usually  little  fever;  the 
temperature-curve  is  in  no  way  characteristic  in  this  disease,  but  as 
death  approaches,  and  even  post  mortem,  there  may  be  hyperpyrexia. 
There  is  occasionally  found  after  each  convulsion  a  tendency  to  free 
perspiration,  which  may  become  quite  a  characteristic  feature  of  the 
case.  It  acts  probably  as  a  means  of  di.ssipating  the  heat  produced  by 
the  active  and  extensive  innervation  of  the  muscular  fibers. 

In  the  last  stages  of  the  disease  the  mind  continues  clear,  delirium 
is  extremely  rare,  and  the  patient  is  fully  sensible  of  the  agonizing 
spasm  to  which  the  slightest  noise  or  disturbance  in  the  sick-room 
gives  rise.  In  tropica!  climates  the  disease  may  run  a  still  more  acute 
course,  death  supervening  a  few  hours  after  the  onset  of  the  attack. 
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In  chronic  tetanus  tJie  pcnod  of  incubation  is  longer,  the  first 
symptoms  making  their  appearance  during  the  third  week,  The  order 
in  which  the  muscular  system  is  involved  is  the  same  as  in  acute  teta- 
nus, and  the  spasms  may  be  of  great  severity,  but  there  are  periods 
during  which  the  patient  experiences  relief  from  muscular  contrac- 
tions. These  periods  gradually  become  longer,  and  soon  an  entire 
day  may  pass  without  a  relapse.  There  is  great  prostration,  partic- 
ularly when  the  disease  is  prolonged  by  frequent  relapses.  Cases  of 
six  weeks*  and  of  two  months'  duration  are  occasionally  seen.  Yan- 
dell  reports  one  case  in  which  the  duration  of  symptoms  was  two 
hundred  and  forty  day.s. 

Head-tetanus  or  tetanus  hydrophoblcus  occurs  after  injuries  in 
the  region  of  distribution  of  any  of  the  twelve  cranial  nerves;  conse- 
quently it  is  chiefly  confined  to  the  head.  It  is  characterized  by  spasm 
of  the  pharyngeal  mu.scles  and  paralysis  of  the  facial  nerve,  as  well  as 
trismus,  and  occasionally  by  tetanic  contraction  of  the  muscles  of  the 
neck  and  abdomen.  Rose  explains  the  paralysis  of  the  facial  nerve 
by  compression  in  the  petrous  portion  of  the  temporal  bone,  due  to 
swelling  of  the  nerve.  According  to  Bunner,  the  reported  symptom 
of  facial  paralysis  is  due  to  an  error  of  observation. 

Cephalic  tetanus  occurs  usually  after  a  wound  in  the  face,  such  as 
may  result  from  a  blow  from  a  wliip-stock  or  the  fist  in  a  street-brawl, 
The  paralysis  of  the  facial  nerve  almost  always  occurs  on  the  same 
side  as  that  in  which  the  injurj'  is  received.  There  is  usually 
marked  paralysis  of  the  lower  lid  on  that  side.  A  marked  feature 
of  this  form  of  tetanus  is  the  difficulty  in  shallowing,  which  symp- 
tom has  given  rise  to  the  term  hlafius  hydrophohicus.  This  symptom, 
however,  is  not  always  present.  Head-tetanus  is  not  always  fatal. 
In  a  collection  of  24  cases  of  head-tetanus,  7  recovered,  and  of 
the^e  6  were  cases  of  chronic  tetanus. 

Pathological  Anatomy. — There  is  little  change  in  the  appear- 
ance of  the  wound.  Occasionally  there  is  a  slight  blush  about  its 
edges,  and  sometimes  there  are  evidences  of  lymphangiti.s.  Wounds 
of  the  extremities  are  more  likely  to  be  followed  by  tetanus  than 
wounds  in  other  regions,  probably  because  they  are  e.xposed  to  punct- 
ured wounds,  the  foreign  body  carrjing  in  with  it  dirt  which  may  con- 
tain the  virus,  A  rusty  nail  thrust  into  the  sole  of  the  foot  is  a  not 
infrequent  cause  of  the  disease;  the  organisms  are  thus  carried  deeply 
into  the  tissues,  and  have  an  opportunity  to  develop  there  undisturbed 
by  oxygen  or  suppuration.  There  is  sufficient  evidence  to  show  that 
the  virus  acts  with  more  or  less  power  chiefly  upon  the  ner\'ous  centers 
of  the  cord  and  medulla,  but  the  data  do  not  yet  seem  to  be  sufficient 
to  establish  the  fact  of  multiple  neuritis  or  irritation  of  the  trunks  or 
branches  of  the  nenes  over  and  above  that  of  other  tissues  to  which 
the  virus  may  be  conveyed.  Evidences  of  inflammation  of  the  brain 
and  meninges  are  wanting,  but  a  number  of  observations  point  to 
in6ammalion  in  the  upper  portions  of  the  cord. 

Diagnosis. — The  disease  is  not  difficult  to  recognize  in  the  fully- 
dcwloped  stage,  but  in  the  nature  of  the  early  symptoms  there  may 
be  some  doubt.  Stiffiiess  of  the  jaws  may  be  due  to  inflammatory 
aflections  of  the  mouth   or  the  teeth,  or  to  abscess  of  the  cenical 
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glands,  and  also  to  rheumatic  aflbction  of  the  tempore  maxillary  artic- 
ulation. Occasionally  a  hysterical  contraction  of  the  muscles  of  the 
jaw  may  occur. 

The  question  of  death  by  tetanus  or  by  strychnin  has  been  raised 
in  medico-legal  cases.  In  strychnin  poisoning  there  is  usually  no  lock- 
jaw ;  there  is  hyperesthesia  of  the  retina,  and  objects  seen  are  colored 
green.  During  a  paroxysm  the  mouth  foams  and  the  teeth  lacerate 
the  tongue.  There  is  also  spasm  of  the  muscle  of  the  limbs  and  trunk. 
The  occurrence  of  muscular  spasm  is  irregular,  and  depends  upon  the 
frequency  and  size  of  the  dose.  Tetany  affects  chiefly  young  per- 
sons, and  consists  in  tonic  spasms  of  various  groups  of  muscles, 
most  frequently  those  of  the  upjjer  extremities.  The  attacks  are 
short  and  more  or  le.ss  localized,  and  Trousseau's  symptom,  seen  in 
no  other  convulsive  disease,  is  always  present.  This  symptom  con- 
sists in  the  peculiarity  that  pressure  upon  the  nerve-trunk  leading 
to  the  group  of  muscles  affected  always  brings  on  a  characteristic 
attack. 

Hydrophobia  is  said  to  resemble  tetanus  owing  to  the  difficulty  of 
swallowing  in  the  two  diseases.  There  is,  however,  no  convulsion  in 
hydrophobia.  The  hydrophobic  paroxysm  is  due  to  an  inhibition  of 
the  respiratory  nerve-center  and  the  n.itural  movements  of  distress 
which  this  calls  forth.  The  clinical  pictures  of  the  two  diseases  pre- 
sent striking  contrasts  to  one  who  has  seen  them  both. 

Prognosis. — Acute  tetanus  is  one  of  the  most  fatal  of  diseases. 
In  chronic  tetanus  the  percentage  of  mortahty  is  very  much  lower. 
According  to  Hippocrates,  the  patient  dies  on  the  third,  the  fifth,  the 
seventh,  or  the  fourteenth  day ;  if  he  survive  this  period  he  recovers. 
According  to  the  tables  of  the  "  Surgical  History  of  the  War  of  the 
Rebellion."  of  337  deaths.  287  occurred  during  the  first  week  of  the 
disease;  and  of  those  occurring  on  the  eighth  day  there  were  but  7 
deaths.  In  Yandcll's  415  cases,  there  is  a  marked  falling-off  of  deaths 
on  the  fifth  day,  when  there  were  but  1 1  deaths,  from  which  time  the 
percentage  steadily  diminished.  Rose  states  the  mortality  of  early 
cases  as  91   per  cent,  and  that  of  late  cases  as  48  per  cent. 

Treattnent. — Among  the  internal  remedies  which  have  enjoyed  a 
more  than  usual  reputation  may  be  mentioned  Calabar  bean,  chloral, 
cannabis  Indica,  curare,  amyl  nitrite,  quinin  and  opium.  Yandell 
places  chloroform  at  the  head  of  the  list  in  cases  of  acute  tetanus,  but 
also  makes  the  significant  statement  that  when  tetanus  continues  four- 
teen days  recovery  is  the  rule  and  death  the  exception,  apparently 
independent  of  the  treatment. 

Calabar  bean,  when  given  in  small  doses,  relieves  the  muscular 
contraction.  Pnncet  advises  from  1  to  \\  gr.  (0.065  to  0.1  gm.)  of  the 
extract  given  every  four  hours,  or  from  15  to  20  drops  (0.92  to  1.25  c.c.) 
of  a  I  per  cent,  solution  may  be  injected  subcutaneously. 

Chloral  seems  to  be  most  efficacious  in  chronic  tetanus:  it  rehcves 
pain  and  prevents  spreading  of  the  muscular  sjjasm  and  recurrence  of 
the  convulsions.  It  appears  to  act  by  diminishing  the  reflex  excita- 
bility of  the  ncr\'C-c enters.  In  large  doses  (from  100  to  200  gr.  (6.5  to 
13  gm.)  a  day)  chloral  will  relieve  muscular  spasm  in  acute  tetanus, 
but  it  does  not  appear  to  have  any  appreciable  effect  upon  the  mor- 


tality.  Chloroform  may  be  administered  by  inhalation.  Its  action 
is  decidedly  sedative,  but  not  so  enduring  as  that  of  chloral. 

Opium  does  not  appear  to  enjoy  the  popularity  of  chloral  and 
chloroform.  Large  doses  are  required,  and  the  digestive  disturbance 
oiuscd  by  the  drug  is  a  contraindication  to  its  use. 

Bromid  of  potassium  may  be  used  in  connection  with  chloral,  or  in 
the  convalescent  .''tage  as  a  substitute  for  that  drug,  but  it  i.s  altogether 
loo  mild  a  remedy  to  produce  any  appreciable  effect  iu  the  more  acti\e 
stages  of  the  disease. 

The  great  ■"  sweating,"  which  is  so  characteristic  a  symptom  of 
tetanus,  has  suggested  the  use  of  warm  baths  and  of  other  diaphoretics 
as  a  means  of  imitating  nature's  method  of  relief  It  is  pos.sible  that 
some  of  the  toxins  may  be  eliminated  in  this  way. 

So  far  as  local  treatment  is  concerned,  it  is  important  to  mention 
that  the  bacilli,  belni;  anaerobic,  lie  deep  if  in  a  slate  of  activity.  Punc- 
tured wounds  should  be  thoroughly  laid  o]Jcn  and  disinfected.  A  free 
discharge  from  the  wound  should  be  favored.  It  is  probable  that  the 
old-fashioned  fla,\seed  poultice  has  warded  off  tetanus  in  former  times 
by  inducing  suppuration  in  the  wound.  A  dr\-  dressing  which  seals 
up  a  small  opening  is  a  source  of  danger.  The  most  careful  antisepsis 
and  asepsis  do  not  always  prevent  the  occurrence  of  tetanus.  Accord- 
ing to  Rose,  no  treatment  of  the  disease  is  of  .so  much  value  as  the 
local  treatment.  This  is  shown  both  by  experiment  and  by  clinical 
experience.  It  destroys  the  bacilli  and  prevents  the  renewal  of  their 
toxic  products. 

Serum -therapy. — Both  Kitasato  and  Rehring  have  contributed 
largely  to  the  introduction  of  a  serum.  They  produced  immunity  in 
certain  animals  by  the  injection  of  cultures  of  the  tetanus  bacillus, 
whose  activity  had  partially  been  destroyed  by  the  addition  of  tri- 
chlorid  of  iodin.  The  serum  of  animals  thus  rendered  immune  could 
be  used  on  other  animals  as  a  protective  or  curative  agent.  The  exact 
nature  of  the  immunizing  substance  is  unknown,  but  has  been  called 
•"Antitctanin."  It  w.is  found  that  mice  inoculated  with  fragments  of 
tissue  containing  tetanus  spores  could  not  be  saved  even  by  the  use 
of  JO.OCX)  times  the  ordinary  immunizing  dose.  This  would  .seem  to 
show  that  a  great  deal  depends  upon  whether  we  have  to  deal  with  the 
toxins  or  the  micro-organisms  themselves  in  a  given  case. 

In  183S  i^xraietot  Iclniiui  catlecleil  gnve  a  tiiorulily  of  50  pet  cent.,  and  9I>  caici 
tnllcclrd  rn  1889  |[«»f  «  nmrtalily  of  44  ptr  cenl.  Row,  whii  i*  pe^iaps  one  of  Ihr  Btcalcsl 
Kviflf  Aiilh"n(ir3  on  Iprnnuv.  ha^  cutlcclKl  ( 1897  \  $4  cumt^  TreaTetl  with  7*eruiii  willi  a  nior- 
ti&ly  of  40  per  cetil.  The  great  vsriition  in  ihe  severity  und  liumtinn  of  ra»e.<i  of  lelnnu^ 
md«n  lUtisties  of  liltle  vulue  in  juilt^ng  whciher  leram  doe^  any  gomi  or  nol.  There  is  no 
pnnf  Ibftt  vnim  1ifl»  any  influence  u^M^n  Ihe  acDie  type.  As  re{;an1s  the  lighter  ca5cs.  many 
olhei  fii.1iir«  enter  into  the  cure.  There  are  dressing*  and  oix-mlion-v,  ctt,,  hui  even  in  ihew 
cA)t4  Row  does  not  see  anvtliing  conclusive  to  prove  the  vnlue  of  serum.  He  snys  :  "  l')ie 
■num  ihrnpe  hal  mehr  tlnfinungcn  ala  Leistangen."  lie  coneludM  :  "In  nun  there  U 
mi  ihanlutr  ptit>l  of  n-tovrry  due  to  Ihe  serum.  l,oenl  surgery  has  B>*en  Ihe  lirsi  resiiUii, 
ej^vcially  wnen  combined  v*"ith  narcotics  to  relieve  the  itrilntion  of  the  nerve-center*.  ni»d 
a[if(vtivc  itFalmrnt  to  overcome  tlie  cihnustion," 

Tetanus  antitoxin  is  generally  obtaiticd  from  the  serum  of  a  horse 
rendered  immune  by  increasing  doses  of  tetanus  toxin.  Horse-senmi 
becomes  thus  antitn.\ic  after  two  or  three  months  of  such  increasing 
toxin  injections.     Tetanus  antitoxin  is  usually  employed  as  a  blood- 
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serum.  A  dry  powder  or  scales  are  sometimes  used.  This  is  pre- 
pared by  ev3poratin[f  the  serum  to  dryness  over  sulphuric  acid.  One 
gram  of  the  powder  is  equal  to  lo  c.c.  of  the  original  serum.  The 
serum  may  be  precipitated  with  alcohol.  The  dried  precipitate  thus 
obtained  is  the  material  used  by  Tizzoni. 

Dose  of  the  Scrum. — This  is  based  upon  the  immunizing  power, 
which  should  be  in  the  proportion  of  i ;  1,000,003.  One  cubic  centi- 
meter of  serum  should  be  a  sufficient  dose  to  protect  1,000,000  grams 
of  guinea-pig,  or  200O  guinea-pigs  each  wcigiiing  500  grams,  from  the 
minimum  fatal  dose  of  tetanus  toxin  when  injected  eigiit  to  twelve 
hours  afterward.  The  dose  varies  according  to  the  weight  of  the 
individual,  and  also  according  to  its  use  as  a  prophylactic  or  curative 
agent. 

The  curative  treatment,  as  regards  the  amount  and  frequency  of 
injections,  is  based  upon  the  urgency  of  the  symptoms  and  the  subse- 
quent improvement.  The  shorter  the  period  of  incubation  and  the 
more  acute  the  case  the  larger  the  dose.  It  should  always  be  given 
as  early  as  possible. 

The  followiiig  Wble  gives  b  general  idea  of  the  dosage  of  lie  antiloxin : 


pKopHVi-tCTic  Dose. 


Strum 


I 


S-ioc,c. 

Repeat  in  two  weeks. 


{t  gram. 
(Dissolved    ia    boiled 
water.  ] 


Cl'RATlvE  Dose. 

=^  initial  dose, 
al   subsequent    jnjeclions    eveiy 


w>-40c.c 
10-20  c.c. 
twelve  to  iwcnty-four  hours  p.  r.  n. 

2-4  Rrnnis  =  initial  dose. 

1-2  gnim^  =:  subsequent  doses. 


Children  should  be  given  about  one-half  the  adult  dose.  No  ill  effects  are  said  to  be 
produced  by  the  serum.  The  antitoxin  shuuld  be  ndministered  subculaneously.  The  senim 
should  be  kept  in  a  cool  place  and  should  never  be  healed. 

The  serum  treatment  should  be  used  in  connection  with  the  other 
forms  of  treatment.  Later  experience  has  proved  the  necessity  for  in- 
travenous rather  than  subcutaneous  injection  of  antitoxin,  as  a.'isuring 
more  rapid  absorption,  and  the  dose  should  be  proportionate  to  the 
strength  of  the  serum.  Behring  considers  a  do.se  of  500  units  essen- 
tial, and  in  serums  having  a  strength  of  i  unit  to  the  cubic  centimeter, 
as  much  as  500  cubic  centimeters  must  therefore  be  given  as  the  initial 
dose.  The  intracerebral  injection  of  the  serum,  which  has  been  re- 
cently practised,  has  not  as  yet  established  its  value. 

There  is  no  disease  in  which  the  comfort  of  the  patient  should  be 
studied  so  carefully.  Before  active  symptoms  have  set  in,  the  patient 
should  be  placed  alone  in  a  room  so  situated  as  to  be  quite  free  from 
disturbance.  Officious  nursing  should  be  avoided.  Nourishment  and 
stimulants  should  be  given  in  a  form  to  sustain  strength  while  produc- 
ing as  little  irritation  to  the  throat  as  possible.  Chloroform  may  be 
given  in  order  to  administer  nourishment  by  the  .stomach-tube  if  neces- 
sary (Rose).  Many  acute  cases  may  thus  be  made  chronic.  Every 
day  added  to  the  patient's  life  after  the  first  week  of  the  disease  in- 
creases greatly  his  chances  of  recovery. 


Mant  synonyms  for  this  disease  exist ;  of  these,  the  most  impor- 
tant are  Hydropliobia,  Lyssa,  Furor,  Rabies,  Rabidity;  Wuth  (Ctr.); 
Rage  {Fr.).  ■ 

Rabies  is  a  disease  of  man  and  certain  other  mammals  which  is 
communicated  from  one  individual  to  another  by  the  infection-bearing 
saliva  througli  freshly  infected  wounds.  ^B 

The  histoty  of  the  disease  is  a  long  one,  and,  on  account  of  thoH 
characteristic  symptomatology,  is  less  complicated  by  confusion  with 
other  maladies  than  is  the  case  with  the  accounts  of  certain  other  dis-^ 
orders,     Hippocrates  did  not  describe  the  disease  in   his  works ;  butH 
Aristotle,  a   half-century  later,  recognized   it   in  the   lower   animals. 
Cclsus  gave  a  good  account  of  rabies  in  the  first  Christian  century. 

For  centuries,  no  very  essential  progress  in  the  knowledge  of  th< 
disease  encouraged  its  observers,  so  that  many  medical  men  began  tc 
lose  faith  in  its  existence  as  a  separate  nosological  entity.  Bosquillon 
in  1802  advanced  as  a  positive  belief  the  idea  that  hydrophobia  was  a 
mere  chimera.  Experimental  inoculation  researches  a  few  years  later 
dispelled  this  notion  forever,  and  the  more  recent  extensive  researches 
of  Pasteur  on  its  etiology,  prevention,  and  cure,  have  made  hydropho- 
bia a  comparatively  well-studied  disease.  ^ 

Dl^tributioil  and  Frequency.— Since  almost  al!  the  mnmnmlian  nnimal.i  arc  suBCcp-^* 
tihlp  (n  tilt  ilj^eusc  <ind  cJn  imii^mit  il  ti>  luali.  ali<t  since  man  is  altenrled  in  all  jHiil^  of  the 
habitable  ^l'.>be  bv  thtsr  animals,  ihc  disrast^  is  di-mributeii  over  the  whole  world.      No  land 
is  knowQ  III  be  immune  I0  rabies,  since  both  hot  arid  cold  climates  have  tbeir  records  of  l! 
djsoue.      Austrnlia  is  said  to  be  Iree  of  the  disease,  supposedly  on  nccount  oi  a  sii  monlb: 
ipanaline  to  which  all  dogs  arc  subjected  before  admission  lo  the  i<^land. 

Beodes  dog^  cats,  wolves,  horffs,  swine,  and  cattle,  which  are  the  most  common  af^enli 
(b*-  the  (nnamistion  of  inrecliun.  foxe-s.  jackal-i.  asses  and  mules,  sheep,  rabbits,  and  man' 
are  alio  refpotif^ible-  f-^gs  of  course,  cause  tbe  di^^ease  most  frerjuently  ;  but  not  onlv 
■ccounl  of  opportunity,  since  the  »itiva  of  infected  dogs  is  thought  to  be  usually  more  vim- 
Icol  Ihart  that  of  other  aniinaK  Kpidemics  of  rahies  are  usually  Iraceohle  to  one  oiigiTiatly 
infected  aninial  which  hat  transmitted  the  disease  lo  others.  The  cases  of  so-called  spon- 
lUMOUi  rabtei  are  doubtless  due  to  the  orii^nal  infection  of  dojis  or  cats  by  nits  or  olher 
■nfinals  liTtue  in  hiding  from  man.  Hoegyes  c»])la)ns  the  fre<|uencv  of  outbreats  in  summer 
t^  the  fact  (nat  man  is  at  that  season  more  exposed  lo  infection  by  an  outdoor  life,  oftex|^ 
in  close  association  with  the  lower  animals.  I 

The  number  of  ca.ws  annually  occiirring  i*  sufficiently  indicated  by  the  fact  Ihal,  belween  ' 
the  years  1SS7  and  11^5.  14.iq6  cases  were  trealeil  at  the   Pasteur  Institute  in  I'aris  :  while 
in  the  Buda Tcslh  In^lilute,  from  April    15,  iSgo,  10  I)fc.  JI,  lSg5,  4961   i-ase-.  applied  for 
Aid.     of  couT^,  many  of  the  case^  applying   for  trealmeni   doubtless  had   been  bitten  by 
■BiOiBU  itnt  aclually  nihid  :  but  even  deducliug  these,  the  number  is  large. 

EtktlOEy. — Opportunity  fiir  infection,  of  course,  counts  for  much  in  the  CBiisalion  of  ihe 
dj*fa*r.  Thoir  ifiilivi<luals  who.  like  famier^  nn*!  laborers,  are  much  in  Ihe  open  air  and 
awaworioted  wilh  the  dome" ic« ted  nnimaK  fumish  the  prealesl  contingent  of  cases.     Neatly 
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Children,  unable  (o 

IR7 


I 


188  INTERNATIONAL    TEXT-BOOK  OF  SURGERY.  ^H 

escape  rrom  infecled  animals  or  to  protect  themseWes  when  sllacked,  ate  mach  more  (re- 
quently  billen  than  iheir  elders.  The  part  of  the  body  wounded  is  of  etiological  importance. 
The  limbs  arc  protected  by  llie  clotliing.  which  lends  to  prevent  deep  bitci  and  to  wipe  off 
the  vims  from  ihc  teeth  of  the  iinimnl  before  they  ciiler  the  flesh  of  the  viclim.  Besides,  the 
face  and  other  parts  of  the  head  being  located  nearer  the  centers  of  the  nervous  system  and 
of  the  circulation,  aRutd  belter  uppurtunilies  for  tlie  virus  lo  reach  the  vital  parts. 

Although  experimental  research  has  not  been  successful  in  estab- 
lishing definitely  the  biology  of  the  infectious  agent  in  rabies,  it  has 
clone  much  to  determine  the  conditions  under  which  infection  takes 
pliice,  the  life  histor>'  of  the  disease,  and  above  all  it  has  demonstrated, 
through  the  brilliant  researches  of  Pasteur  and  his  pupils,  the  fact  that 
an  immunity  against  the  disease  may  be  established  and,  as  we  shall 
see,  may  be  utilized  in  the  practical  treatment  of  the  disease.  Before 
Pasteur's  time,  it  had  been  shown  by  several  investigators  that  the  dis- 
ease is  really  transmitted  by  the  infected  saliva.  Galtier  in  1S79  pub- 
lished the  results  of  experimental  studies  proving  that  the  disease  as  it 
occurs  in  doys  may  be  transmitted  to  rabbits,  affording  a  ready  means 
of  determining  the  virulence  of  the  saliva  obtained  from  dogs  suspected 
of  rabies,  especially  as  the  period  of  incubation  in  rabbits  is  much 
shorter  than  in  dogs.  It  was  Pasteur,  however,  who  showed  that  the 
virus  of  rabies  exists  in  the  central  nervous  system  and  is  most  concen- 
trated in  the  medidia  oblongata.  The  inference  was  quickly  drawn  by 
Pasteur  that  the  inoculation  of  the  virus  into  the  central  nen-ous  system 
would  be  more  rapidly  and  certainly  followed  by  the  disease  than  if  the 
subcutaneous  method  were  employed.  Thus  was  found  a  ready  and 
sure  means  of  producing  the  disease,  in  almost  everj'  case,  by  injecting 
the  triturated  spinal  cords  or  medullas  of  infected  animals  into  the  sub- 
dural spaces  of  other  animals  susceptible  to  the  disease.  Intraocular 
injections  arc  almost  as  certain  in  their  results.  Applying  the  injected 
matter  directly  beneath  the  sheaths  of  the  principal  nerve-trunks  is  a 
valuable  experimental  method.  When  the  infectious  matter  is  intro- 
duced into  the  subcutaneous  tissue,  it  is  carried  centripetally  to  the 
central  nervous  system  along  the  nerve-sheaths.  Having  reached  the 
central  nervous  system,  it  is  then  redistributed  to  the  periphery  by  way 
of  nerve-sheath.s. 

The  gross  anatomical  findingfS  in  rabies  arc  insignificant  in  pro- 
portion to  the  great  gravity  of  the  disease.  The  vascular  engorgement 
seen  is  probably  due  to  the  struggles  of  the  victim  during  the  stage  of 
excitation.  Even  microscopically  nothing  characteristic  of  rabies  can 
be  found.  Certain  degenerative  changes  are  noted  in  the  cells  of  the 
central  nervous  system,  especially  the  multipolar  cells  of  the  anterior 
horns.  Cellular  infiltrations  in  other  ca.ses  are  noted  in  tiie  gray  sub- 
stance of  the  cord.  The  pathologist  must  therefore  depend  for  his 
diagno.sis  rather  upon  the  results  of  inoculation  experiments,  and  for 
this  purpose  the  brain  and  spinal  cord  may  be  rescr\'ed. 

The  symptoms  of  the  disease  in  inoculated  animals  are  of 
especial  practical  importance  on  account  of  their  bearing  on  the  infec- 
tion of  human  beings  attacked  by  such  animals.  The  form  of  rabies 
occurring  in  80  or  85  per  cent,  of  the  cases  in  dogs  is  characterized  by 
three  stages — an  initial  stage,  a  stage  of  irritation,  and  a  .stage  of  paral- 
ysis. Incubation  in  dogs  inoculated  by  bites  varies  much  in  duration, 
but  on  the  average  is  sixty  days.      Temperature-elevation  is  noted  as 
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the  first  sign  of  the  disease,  lasting  a  half  to  three  days.  The  dog  then 
becomes  dull,  sad,  unfriendly.  The  appetite  becomes  poor  and  later 
abnomial.  the  dog  biting,  chewing,  and  even  shallowing  jiaper  and 
trash  of  various  sorts. 

The  irritation  or  rabid  stage  follows  upon  the  initial  stage  by  some- 
what gradual  exaggeration  of  the  preceding  symptoms.  This  is  the 
stage  of  madness.  The  dog  is  more  excitable,  distrustful,  and  snap- 
pish. His  voice  is  hoarse,  and  he  howls  rather  than  barks.  Anxious 
to  escape  from  confinement,  he  runs  away  aimlessly  when  released, 
snapping  and  biting  at  every  man  or  animal  in  his  way.  Three  or  four 
days  pass  before  the  excitation  gives  place  to  paralysis  of  the  e.vhau.sted 
nerve -centers.  The  dog  apjiears  weak,  runs  unsteadily,  breathes  rap- 
idly and  irregularly;  his  tongue  hangs  out  of  his  nioiiih,  from  which 
drips  a  bloody,  foamy  saliva.  Paralysis  is  soon  followed  by  death.  In 
the  minority  of  cases  (15  to  20  per  cent.)  the  stage  of  excitation  is  so 
abbreviated  as  to  be  unnoticed,  or  is  even  altogether  absent.  The 
animal  is  first  considered  ill  when  the  symptoms  of  weakness  or 
even  of  paralysis  are  observed.  This  is  known  as  the  quiet  form  of 
rabies.  When  \vell-marked  signs  of  rabies  aie  present,  the  disease  is 
almost  invariably  fatal  in  either  of  these  forms. 

It  will  thus  be  seen  that  t!ie  diag^nosis  of  rabies  in  the  dog, 
while  usually  easy,  may  require  the  observation  of  a  competent  veter- 
inary surgeon  to  distinguish  it.  In  the  absence  of  such  aid  and  in 
doubtful  cases  the  dog  may  be  killed,  and  the  brain  and  spinal  cord 
removed  as  nearly  asepticaSIy  as  possible.  The  sjjecimen  is  sealed  up 
septically  and  transmitted  immediately  to  the  expert  in  rabies.  By 
itm  the  medulla  oblongata  will  be  rubbed  up  with  physiological  salt 
solution,  and  a  portion  of  this  material  injected  into  the  subdural  space 
of  a  rabbit's  brain.  if  rabies  virus  is  present,  it  will  with  certainty 
cause  the  disease  to  appear  in  the  inoculated  animal. 

The  symptotns  of  rabies  in  man  correspond  well  with  those  of 
the  disease  in  dogs.  The  incubation  stage  m,iy  be  as  shoil.  in  rare 
nscs,  as  thirteen  or  fourteen  days.  Usually  death  takes  place  between 
\\e  twentieth  and  sixtieth  days.  The  incubation  may  in  rare  instances  be 
ver)'  long — six,  thirteen,  fourteen,  twenty-two  months.  It  is  of  interest 
from  a  therapeutic  point  of  view  that  the  incubation  period  is  apparently 
lengthened  by  depressing  influences.  The  wounds  seem  to  heal  about  as 
rapidly  as  ordinary  wounds  exposed  to  simitar  conditions.  It  is  only 
severe  contusion,  pus-infection,  and  cauterization  tliat  delay  healing. 
A  local  reddening  of  the  scar  seems  to  occur  during  the  initial  stage, 
associated  with  such  signs  of  nervous  disturbance  as  centripetallj- radi- 
ating pains,  burning,  tickling,  and  other  evidences  of  paresthesia. 
Anesthesia  and  hyperesthesia,  also,  at  times  give  evidence  of  di.ssemi- 
nation  of  Ihc  virus  along  the  nerve-trunks.  The  stai^e  of  mnwis  tx- 
tatiffM  is  indicated  by  mental  excitement,  spasms  of  the  respiration 
F^d  deglutition  muscle-groups,  and  this  stage  is  in  turn  succeeded  in 
man  by  the  stage  of  exhaustion  and  paralysis.  Before  the  onset  of 
active  sv*m)>toms,  the  patient  seems  melancholy  and  depressed;  then 
be  becomes  restless  and  eager  to  w-alk  about.  Such  moods  of  depres- 
sion may  be  succeeded  by  short  periods  of  joyous  excitation,  which 
are  again  followed  by  depression. 
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In  the  stage  of  excitement,  or  hj-drophobia,  respiration  becomes 
difficult,  sighing,  and  anxious,  and  the  bystanders  note  with  especial 
horror  the  patient's  inability  to  drink  on  account  of  spasms  of  the 
pharj-ngcal  muscles.  As  the  disease  progresses,  even  the  sound  of 
running  water,  or  the  suggestion  of  it,  wil!  superinduce  these  spasms. 
The  patient,  dreading  the  onset  of  the  contractions,  fears  to  attempt 
drinking,  hence  the  term  hydrophobia  (from  Greek  words  meaning 
"water"  and  "to  fear").  Spasms  of  other  muscle-groups  commonly 
occur,  and  hypersensitivcnes.s  of  the  various  sense-organs  is  often  seen. 
Hallucinations  may  thus  arise.  Consciousness  remains  undisturbed, 
except  during  the  exacerbations,  almost  to  the  end  of  life.  The 
horror  of  the  disease  is  thus  fully  appreciated  by  the  unfortunate 
victim.  The  flow  of  sahva  is  increased,  and,  as  it  is  the  chief  vehicle 
of  infection,  much  care  must  be  exercised  to  prevent  the  attendants 
and  bystanders  from  being  inoculated.  In  delirium  the  patient  may 
eject  the  saliva,  almost  as  if  he  had  the  intention  to  infect  others.  It 
is  a  popular  error  that  hydrophobic  patients  imagine  themselves  to  be 
dogs,  and  bark,  bite,  and  snap  at  the  attendants.  Elevation  of  temper- 
ature, priapism,  and  satj'riasis  are  observed. 

While  the  .stage  of  excitation  lasts  from  one  and  a  half  to  three 
days,  the  final  .stage  of  paralysis  may,  in  man,  be  altogether  wanting 
or  may  last  but  a  few  minutes.  It  is  usual  for  the  patient  to  lie  re- 
laxed for  two  to  eighteen  hours  before  death.  In  man,  as  in  lower 
animals,  a  paralytic  form  of  rabies  exists,  in  which  the  active  symptoms 
of  the  disease  are  but  slightly  marked,  while  the  paralytic  phenomena 
appear  with  especial  prominence. 

The  diagnosis  of  rabies  often  involves  the  exclusion  of  hystero- 
epilep.sy,  tetanus  (in  which  spasms  of  the  muscles  of  the  throat  often 
occur),  delirium  tremens,  epilepsy,  sunstroke,  poisoning — especially  by 
datura  stramonium — and  brain-tumors. 

The  progliosis  in  wounds  inflicted  by  rabid  animals  is  variable.  In 
only  I  5  or  20  per  cent,  of  the  cases  does  the  disease  break  out  at  all ; 
but  when  the  disease  is  well  established  in  a  human  subject,  it  almost 
inevitably  destroys  life. 

Treatment  of  rabies  by  prophylaxis,  therefore,  is  especially  impor- 
tant. This  involves  decreasing  the  number  of  dogs  in  communities 
by  taxation,  controlling  dogs  by  regi.stration,  by  the  use  of  muzzles, 
and  by  excluding  them  from  certain  public  places. 

When  persons  are  bitten  by  animals  known  or  suspected  to  be 
rabid,  the  animal  should  either  be  killed  at  once  or  confined  and  care- 
fully watched  for  pronounced  .signs  of  the  disease.  In  the  former 
case  the  central  nervous  system  is  removed,  and.  parts  of  it  (medulla) 
having  been  rubbed  up  with  sterilized  salt  solution,  the  materia!  thus 
obtained  is  injected  into  a  rabbit's  subdural  spaces.  The  disease  will 
thus  be  speedily  transmitted  to  the  inoculated  animal,  giving  us  a  well- 
nigh  infallible  diagnostic  test.  But  one  should  not  wait  until  this  test 
is  completed  before  immunizing  the  person  bitten.  The  patient  is 
usually  sent  to  a  branch  office  of  the  Pasteur  Institute.  Such  labora- 
tories are  located  in  all  civilized  countries. 

Immunization  is  effected  by  successive  injections  of  virus  which  has 
been  weakened  in  virulence  in  various  ways.     Gradually  the  strength 
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of  the  virus  is  increased  until  the  maximum  is  reached,  when  the 
patient  is  declared  insusceptible  to  the  action  of  the  infectious  agent. 
In  this  way  more  than  50,000  persons  were  treated  between  1885  and 
1895,  with  astonishingly  good  results.  The  inoculations  themselves 
are  entirely  harmless.  The  method  employed  at  the  Parisian  Pasteur 
Institute,  where  the  virus  is  diminished  in  activity  by  drying  the  spinal 
cords  frotii  which  the  emulsion  is  made,  is,  for  wounds  of  the  extremi- 
ties, as  follows ; 


Day  of 
Trralmtnl. 


Period  dttring  whiih 
Mtdulla  hii!  bein  Dried. 

I  14  Avj% 
■    ■    •   \  13  days 

I  12  (Uys  1 

)  10  dajs ) 

\   9  (Uys  f 

8  days  1 

7  days; 

6  days 


Quantity  of 
Eniidsitm  used. 

.3  c.cm.  (17^43). 
,  3  ccm.        " 


{ 


.  3  c.cm. 
scan. 


9- 
10. 
II  . 
la. 
13 
U. 


I  c.cm.  (nua). 

5  days  a  c.cm.         " 

5  days  2  c.cm.         " 

4  days  a  c.cm.        " 

3  days I  c.cm.  (IH_l61. 

5  days  2  c.cm.  (IH_3I). 

S  days  I  c.cm.         '■ 

4  days  Z  C.cm.        " 

4  days  2  C.cm.         *' 

3  days 2  c.cm.         " 

3  days  2  c.cm.         " 


When  wounds  have  occurred  about  the  head,  the  treatment  given 
is  somewhat  stronger — the  emulsions  of  stronger  virus  being  admin- 
istered earlier. 

ANTHRAX. 

Synonyms. — Pustula  maligna.  Carbunculus  contagiosus,  Wool- 
sorters'  disease.  Splenic  fever;  Milzbrand,  Hadem-Krankheit  (Gcr.); 
Charbon  (Fr.). 

The  history  of  anthrax  in  olden  times  is  complicated  by  the  con- 
fusion with  it  of  various  cutaneous  maladies  associated  with  a  tendency 
to  destruction  of  the  skin.  Rut  its  more  modern  history  is  a  more 
profitable  study,  worthy  of  especial  consideration  because  this  was  the 
first  disease  affecting  man  to  receive  full  bacteriological  study.  No 
other  infectious  process  has  been  so  frequently  the  object  of  research, 
and  the  results  of  these  researches,  conducted  by  the  greatest  masters 
of  modem  methods,  have  afforded  paradigms  for  the  investigation  of 
numerous  other  diseases  of  the  same  type. 

Pollender  found  vibtio-likp  Iwdirs  in  the  blood  of  inlhrai  animals  as  early  as  1855. 
Twi  yrart  lairr,  Biancll  found.  b«ides  lli«c  rod-like  or^nisms.  iimall  veucutar  and  du.'il- 
likc  bodies.  Brancll  was  the  lirst  t<i  iimkc  inoculalion  experiments  with  a  view  to  deler- 
Mtdng  the  infectioi>s  chamctcr  of  these  hodics  ;  but  il  is  lo  the  pcT^hlcnl  and  couiageuiu 
E  tjf  Ikavainc,  appearing  in  numcri>ui  tt^mmunica lions  to  the  Pan?^  .\cademy  of  Soences 
1 1864  lo  1873.  that  we  owe  ihe  real  foundatiun  of  our  modern  doctrine  c>f  anihnii.  and 
tc  of  the  WLiiind.inrrciion  disease-'^  in  gtncral.  Il  was  he  who  Brsl  shuwnl  ihat  the  rod- 
boiliei  "f  I'ollendcr  and  Urunell  were  living  ufBaiUMns.  He  contended  thai  these 
die*  were  Ihe  cauw  of  ihc  disease,  and  showed  thai  Ihe  blood  of  affected  animals,  if  il 
QIained  ihr^e  IxKliey,  was  capable  of  IransmillintE  the  disease.  Absolute  demonstration 
[  ihe  (ratU  iif  hi*  convictions  cuuld  no*  be  made  by  Davaine  for  Ihe  lack  of  cult  lire- melhods, 
■hich  weiT   then  unknown,  and   the  greatest   living  authorities  disputed   his  Iheoiy  until 
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F.  Cobn  and  Roben  Koch  proved  ihc  spores  lo  be  a  link  in  the  continuity  of  life  in  the 
RDlbnix  microbe.  Kt'>oh»  Pasteur^  and  Klebs  linally  added  absolute  proof  by  (be  inucula- 
tiiin  of  pure  cultures. 

Stiology. — Referring  tlie  reader  to  the  chapter  on  Bacteriology 
for  a  leclmical  consideration  of  the  Bacillus  anthracis,  we  pass  to  a  con- 
sideration of  the  etiology  of  the  disease,  an  elementary  knowledge  of 
which  is  essential  to  our  study. 

Splenic  fever  is  a  disease  common  to  man  and  certain  of  the  lower 
animals.  It  is  through  a.s.sociation  with  infected  animals  or  their  car- 
casses, as  a  rule,  thai  man  is  infected. 

The  biKlics  of  animals,  usually  inllle.  hntses,  sheep,  elc,  dying  ill  pa^lurcs  or  marshy 
lands  are  uficn  negletled  by  igniirani  fnraiers,  and  llie  anthrax  bacteria  arc  scatlcrcd  as  Ihe 
bodies  decompose.  The  sjiores  of  llic  microbe  may  remain  fur  long  periods  inactive  in  ihe 
buried  or  partly  covered  lltsh,  and  may  be  distributed  to  a  distance  by  fiood-watrr.s.  In 
this  way,  whole  pastures  aud  water-courses  may  bcciime  infccled,  and  other  animals  graying 
over  llie  land  i^omraci  the  disease  by  coiilncl  wilh  Ihc  spores.  Even  if  the  body  of  the 
animal  is  buried  just  beiieatb  the  burfaec,  the  bacteria  may  be  brought  up  by  ca rib  worms, 
Snails,  and  beetles.  Tile  older  rec4:>mmendation  to  bury  tlie  botUes  of  animal.s  dead  of 
anlhraA  al  least  one  meter  deep  is  best  replaced  by  the  rule  thai  such  bodies  should  be 
destroyed  by  fire.  Infected  districts  can  be  purilicd  only  after  considerable  time  by  thus 
destroying  the  carcasse?,  and  by  confining   susceptible  animals  to  other  feeding -pounds. 

The  animals  susceptible  10  anlhran  are  chiefly  ihe  herbivora,  especially  sheep  and  caltle. 
Algerian  sheep,  however,  possess  a  certain  immuniiv  against  the  disease.  Horses  are  less 
frequently  alfecled  ;  but  it  i.s  sai<l  that  the  disease  occurs  among  Russian  horses,  oftentimes 
in  cpiioStic  form.  Wild  animals  of  ihe  deer  and  antelope  families,  are  occaf.innally  subject 
10  (he  disease.  Such  itidenls  as  guinea-pigs,  mice,  and  rabbits  are  quite  subject  (tithe 
disease,  but  (he  varieties  of  rats  are  unequally  susceptible.  Infrequently  di^^s,  cats,  fones, 
nml  hares  are  attacked.  I  lucks,  pigeons,  and  cniws  are  bnt  slightly  susceptible,  while 
chickens  are  more  readily  attacked.      Cold-blooded  animals  are  quite  resistant. 

The  disease  is  transmitted  to  man  from  infected  animals ;  and  it 
facilitates  the  .study  of  this  [jart  of  the  etiologj-  to  premise  that  the 
bacteria  gain  admission  by  way  of  skin-injuries,  by  inhalation  of  in- 
fected dust,  and  by  the  ingestion  of  infected  foods. 

Those  who  arc  engaged  in  h;mdling  hides  are  likely  to  Infect  small 
abrasions  of  the  hands  or  of  the  face.  Wool-sorters  in  England, 
handling  wool  from  all  parts  of  the  world,  are  often  affected  with  an- 
thrax of  the  respiratory  passages.  Butchers  are  liable  to  infection  of 
cuts.  Vcterinarics  are  inoculated  while  treating  the  disease.  I'armers 
sometimes  contract  the  disease  in  handling  the  living  animals  or  their 
carcasses.  Pathologists  have  frequently  been  infected  while  mak- 
ing post-mortems  of  experimental  animals  dead  of  the  disease.  The 
story  is  related  by  Lubarsch  that  oneyoimg  pathologist  contracted  the 
disease  by  smoking,  while  conducting  an  aiitop.sy  on  a  cock  which  he 
had  killed  with  anthrax.  The  cigar,  frequently  handled  and  replaced 
in  the  mouth,  waj;  doubtless  the  carrier  of  the  microbes.  Rarely  is 
the  disease  conveyed  by  infected  foods. 

The  atrium  of  the  microbe  in  man  is  usually  an  abrasion  of  the  skin, 
but  the  bacteria  can  enter  by  the  lungs  and  by  the  intestines  without 
the  occurrence  of  wound.s.  The  injuries  of  the  skin  may  be  produced 
by  the  infection-bearing  object,  or  the  inoculation  may  occur  upon  a 
wound  already  made  in  the  ab.sence  of  granulations.  Files  are  .said  to 
transmit  the  disease  (Koch),  and  the  bristles  from  which  brushes  are 
made  have  frequently  carried  the  microbe.  Surgeons  have  repeatedly 
conveyed  the  infection  by  using  imperfectly  sterilized  catgut  from  sheep 
suffering  from  splenic  fever. 
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The  pathological  anatomy  of  anthrax  in  man  consists  essentially 
in  necroses  and  serous,  serofibrinous,  and  seropurulent  inflammations,  as 
well  as  hemorrhages  (Lubarsch  and  Frank). 

The  most  generally  known  lesion  of  splenic  fever  in  man  is,  the 
initial  lesion  at  the  site  of  infection  when  the  skin  is  first  invaded — the 
"carbuncle"  or  "pustule."  A  small  translucent  vesicle  appears  at  the 
site  of  inoculation,  turning  to  a  bluish-red  color,  and  by  bursting  is  con- 
vened into  a  small,  irritable,  itching  tumefaction.  It  is  characterisdc  of 
this  little  ulcer  that,  while  its  edges  are  elevated,  its  center  is  depressed 
and  of  a  dirty-black  or  purple  color,  due  to  necrosis  of  the  tissues.  The 
neighboring  skin  is  often  reddened  and  infiltrated.  When  the  central 
scab  is  raised,  there  exudes  a  thin  fluid  which  contains  anthrax  bacilli  in 
greater  or  less  numbers.  This  characteristic  appearance  often  suffices 
to  clinically  identify  the  disease,  and  to  suggest  an  examination  for  the 
specific  agent  of  the  disease. 

Microscopical  examinations  show  active  inflammation  going  on  in 
the  affected  skin,  the  corium  and  papillary  layer  being  infiltrated  with  a 
sanguinolent,  cellular  exudate.  Although  the  bacteria  can  penetrate 
into  the  deeper  layers  of  the  corium.  they  lie  chiefly  in  the  external 
portions  of  the  corium  and  in  the  papillary  bodies. 

If  the  primary  lesion  occurs  in  the  intestinal  canal,  the  general 
appearance  is  much  like  that  of  the  cutaneous  lesion,  a  similarity  which 
in  the  main  is  borne  out  by  microscopical  examination. 

In  the  case  of  primary  pulmonary  infection,  the  spores  are  inhaled 
with  dust  and  become  arrested  in  the  bronchial  tubes  and  alveoli,  where 
they  develop.  They  are  then  obser\'ed  in  the  connective  tissue  and  the 
lymphatic  spaces  of  the  organ.  Inflammation,  edema,  and  the  exuda- 
tion of  a  bloody  serous  fluid  in  the  pleural  cavities  are  commonly 
observed  (Ziegler). 

Should  the  bacteria  grow  in  the  circulating  blood,  they  are  found  in 
the  most  distant  parts  of  the  body,  and  in  especially  great  numbers  in 
the  capillaries  of  the  abdominal  viscera.  In  the  lower  animals  the 
tendency  is  for  the  disease  to  spread  by  way  of  the  blood,  while  the 
primary  lesion  is  by  no  means  so  characteristically  developed  as  in  man. 
Death  occurs,  usually,  as  a  result  of  intoxication  by  the  poison  charac- 
teristic of  the  bacillus,  the  old  theory  of  a  mechanical  occlusion  of 
capillaries  important  to  the  vegetative  functions  having  been  abandoned 
as  untenable. 

The  symptoms  and  course  of  anthrax  in  man  depend  to  a  great 
extent  on  the  point  of  entry  of  the  disease.  In  the  form  beginning  with 
A  cutaneous  lesion,  the  face  and  head  are  most  frequently  attacked,  then 
the  upper  extremities,  the  neck,  the  trunk,  and,  finally,  the  lower 
extremities.  While  a  single  carbuncle  is  usually  observed,  numerous 
instances  arc  recorded  in  which  two  or  four  lesions  were  observed  in 
simultaneous  evolution.  The  period  of  incubation,  lasting  usually  two 
or  three  days,  is  very  imperfectly  characterized  by  malaise,  dulncss, 
belching,  indigestion,  and  perhaps  a  slight  febrile  movement.  Only  two 
or  three  days  more  are  consumed  after  the  appearance  of  the  pustule 
before  the  disease  extends  beyond  the  purely  local  stage,  since  the 
lymph  glands  of  the  affected  region  become  enlarged  and  painful,  and 
the  skin  over  them  becomes  edematous.     The  fever,  meanwhile,  has 
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become  higher,  the  dulness  greater,  and  the  gastric  symptoms  more 
pronounced. 

Tlie  disease  may  now  terminate  in  recovery  or  in  extension  of  infec- 
tion and  death.  In  the  first  instance,  the  scab  over  the  carbuncle  falls 
off,  a  clean  granulating  surface  is  left,  and  the  wound  heals  by  the  usual 
process  of  epiderniization.  When  death  ensues,  it  follows  as  a  result 
of  general  infection.  Death  may  occur  early — even  in  two  or  three 
days,  when  the  infection  has  been  especially  violent.  Usually  at  lea.st 
four  or  six  days  elapse.  The  gastric  symptoms  are  pronounced,  the 
vital  powers  are  greatly  depressed,  and  pains  are  felt  in  the  head  and 
limbs.  Chills  are  followed  by  high  fever.  In  many  cases,  though  not 
constantly,  the  spleen  is  enlarged.  The  appearance  of  the  carbuncle  is 
such  as  to  indicate  no  healthy  reaction;  llie  skin  about  it  is  blue,  cool, 
and  dougiiy  to  the  touch.  The  general  weakness  increases,  although 
the  consciousness  often  remains  unclouded  to  the  end.  The  severity 
of  the  general  symptoms  increases  rapidly,  the  vomitus  is  bloody,  the 
extremities  become  coo!,  the  pulse  continuously  weaker,  thinner,  and 
scarcely  perceptible.  The  patient  complains  of  great  dyspnea,  a  profuse 
cool  sweat  appears,  the  voice  weakens,  the  temperature  falls,  and  death 
results  under  increasing  somnolence  and  gradual  loss  of  consciousness. 
Sometimes  delirium,  coma,  or  convulsions  close  the  scene  (Koranyi). 

A  second  form  of  the  disease,  known  as  malignant  etiema  (cedeme 
charbonneux),  begins  as  a  doughy,  almost  translucent  swelling,  most 
frequently  observed  over  the  upper  eyelid.  The  swelling  is  very  great, 
causing  the  eyeball  to  disappear  completely.  General  infection  may 
take  place  from  this  primary  focus  of  the  disease,  and  its  outcome  is 
usually  fatal.- 

In  the  gastro- intestinal  form  of  the  disea.se  death  usually  occurs. 
It  is  ushered  in  with  a  prodromal  stage  often  lasting  but  a  few  hours. 
Weakness,  headache,  vertigo,  and  vague  pains  are  followed  by  the 
active  stage  of  the  disea.sc,  in  which  complete  anorexia,  great  thirst, 
nausea,  and  vomiting  occur.  The  abdomen  becomes  distended  and 
tender,  the  pulse  weak  and  thready  ;  cold  sweat  appears,  and  convul- 
sions are  often  noted.  Perforation  of  the  intestines  may  lead  to  death 
by  peritonitis. 

The  diag:nosis  of  splenic  fever  is  not  difficult  to  make  where  the 
typical  carbuncle  is  observed,  leading  at  once  to  a  search  for  the  an- 
thrax bacillus.  MaHgnant  edema  may  be  recognizable  only  by  exclu- 
sion when  the  imperfect  development  of  the  prlmarj'  carbuncle  does 
not  supply  a  clue.  Intestinal  anthrax  cannot  be  diagnosticated  in  the 
absence  of  an  anamnesis  referring  to  the  ingestion  of  infected  meat  or 
milk.  Intestinal  and  pulmonary  anthrax  are.  before  death,  scarcely 
demonstrable  without  the  discovery  of  the  bacillus.  This  oi-ganism 
must  be  sought  for  by  culture-methods  wherever  its  presence  is 
suspected. 

The  prognosis  is  least  grave  in  the  cutaneous  form  of  anthrax, 
where  the  local  lesion  is  well  marked  and  lends  itself  to  local  thera- 
peutic measures.  Malignant  edema  gives  a  less  favorable  outlook, 
and  cured  cases  are  referred  to  as  rarities.  So  far  as  the  cases  are 
recogni;;able,  the  intestinal  form  of  anthrax  is  very  fatal.  But  of  all 
forms,  the  pulmonary  type  gives  the  highest  death-rate — 50  per  cent. 
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according  to   Eppinger ;  75   to   So  per  cent,  as  estimated  by  BritisI 
wntcrs. 

The  treatment  by  prophylaxis  is  of  the  highest  importance — first* 
by  burning  the  bodies  of  all  infected  animals,  and  second  by  sterilizing, 
where  possible,  the  various  products  of  unknown  animals  which  may^B 
earr>'  the  contagion — c.  ^n,  hair,  wool,  bristles,  hides,  catgut.  ^1 

Pasteur's  method  of  immunizing  sheep  by  the  inoculation  with  miti- 
gated virus  has  been  found  practicable  in  limiting  the  spread  of  the 
disea.se  in  Australia  and  in  France,  and  is  worthy  of  further  applicatio 
among  susceptible  domestic  animals. 

Cauterization  of  the  primary  lesion  by  a  large  number  of  agents  h 
been  tried  with  varying  succes-s.     But  a  better  plan  is  the  excision  with 
the   knife,  as  suggesled  by   fournier.     The   incision    is   to   be  carried 
through  perfectly  healthy  tissues.     Bryant  and   Baker  cauterize  the 
newly  exposed  surface.     Verneuil  extirpated  with  tlie  thermocautery. 

In  case  e.\ci.sion  is  unavailing  in  stopping  the  disease  or  cannot 
employed,  quinin  in  stimulating  doses  is  to  be  tried.  Leubc  rccom' 
mends  30  gr.  (2  gm.|  of  the  hydrochlorate  with  15  gr.  (i  gni,")  of  car 
bolic  acid,  divided  into  ten  doses,  to  be  given  in  one  day.  Ipecacuanha 
is  recommended  for  the  intestinal  form,  followed  by  calomel.  It  is  to  be 
hoped  that  an  antitoxic  serum  will  soon  be  provided  for  this  disease, 
as  has  been  e.xperimentally  attempted  by  Kmmerich.  Symptomatii 
remedies  are,  of  course,  indicated  in  the  systemic  forms  of  anthrax  as 
elsewhere 

GLANDERS. 

Synonyms. — Malleus  humidus,  Farcy;  Morvc,  Farcin  (fr.);  Roti 
((/<■/■.)      Glanders  is  an  infectious  disease  of  horses  and  other  mam- 
mals, transmissible  lo  man,  and  characterized  pathologically  by  the, 
deposit  of  nodular  lesions  in  various  ti.ssues.     The  disease  has  been 
recognized  as  a  separate  nosological  entity  for  a  long  period,  but  it 
specific  causative  agent,  the  bacillus  of  glanders,  was   not  identified] 
until  its  recent  discovery  by  Loffler. 

In  the  horse  the  disease  produces  lesions  and  symptoms  describee 
by  V'ouatt  as  follows : 

"  The  <stti«l  local  sympiom  is  h  nnsnl  dischnrgc,  which  con*i5li  of  an  increased  secte- 
tKK),  <4iull  in  <fiiaiilily.  nml  Huwiiig  con^raiillv.  Il  is  iif  an  n(|ueEius  cliaiacli^T,  niixod  wiih 
a  blllr  muni^  It  it  tint  stiiky  wliEn  titst  miignized,  but  becumes  m>  artrcwDnl.  haviii);  ■ 
pcruluu  M-itidily  and  glueynesi.  The  dischfli^e  soon  increase*  in  quanlily,  and  in  ihe'^f 
Mltincal  iUge-i  lirccimet^  discoloied,  bloixly,  and  oflensivc.  On  ihe  other  hand,  Ihc  dis-^| 
dm|c  may  ciinlinue  fur  many  munths.  <ir  even  fur  twn  nr  three  years,  unattcniled  hy  ony 
other  ifmfrtDiii,  sthJ  yel  tlie  hone  be  decideilly  glanderetl.  '['he  glands  under  the  jaw  vrnn 
becsrae  enlii();ed.  and  are  (leiiccnily  i)|j><erved  i>ii  ihe  same  side  a<.  iliut  i>n  which  llie  no^iril 
4t40fClvi];  ttle  swelling  at  fic^t  may  he  .^imewhal  large  arid  difTu^ed,  byt  Ihis  su{]»idcs  in  a 
(nal  DMnire  and  leavc-^  one  or  livi>  glandular  enlni^einrnts  whiih  (leiiimv  clusely  adhe- 
ttut  to  ihc  jaw  l«ne.  The  muciiu!.  racmhrane  of  the  now  betomei  of  a  dark  purjitish  hue, 
Of  alfChill  ol  d  lea^lrii  eoh>r — nevei  Ihe  faint  pink  bUish  fi  UeaUh,  or  Ihe  intense  and  vivid 
nd  of  otual  inllainnutiun.  Spolh  ••!  ulceration  will  pmbably  npprar  on  the  metnliranc 
Ctrtning  the  cartilage  of  the  nose  :  these  uk-er^  are  of  a  circular  form,  deep,  and  with  abrupt 
■nd  pmaniiienl  eilges.  und  ficcome  taiger  anil  niore  numeroiifi.  iibMnicling  the  nasal  passages, 
antl  cauung  a  KUtiiiK  "f  tht'titiy  noiw  in  hrealhing.  The  di.sca.si'  extends  upwanj  inio  the 
bsacal  uniisei,  anil  the  inlegninent  of  llie  foreheatl  betxtmcA  thi^kenetl  and  swollen,  causing 
ptrritof  icmlemevv  The  ahsiiibcniv  nboui  (he  face  and  neck  now  become  impliialcil.  ton. 
MkkdiiiE  fan.-y  \  these  enlarge  and  mmiu  tiTcerate.  The  ab^irbenls  on  Ihe  inside  of  llie  thigh, 
(IkI  then  Ihe  deep  ahioibents  of  b»lh  hind  legs  are  neil  involved,  causing  the  p*n«  1u  swell 
lu  I  gnat  sue,  and  lu  become  uilT,  hoi,  and  lender.      The  conslilutional  symptonu  are  luM 
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of  fl<?sh,  imjinircd  nppelile,  failing  strength,  Bad  more  or  less  urgent  cougb  1  (he  belly  is 
Hickcf  lip  ;  the  coal  \&  unthrifty  and  readily  comes  off.  The  Bntmal  soon  presents  one  mass 
of  pulrtfaciion,  atid  dies  cshnustcd." 

Man  is  exposed  to  infection  from  diseased  animals,  the  infectious 
matter  being  blown  out  of  the  nostrils  of  the  animal  into  the  eyes,  nose, 
or  mouth  of  the  individual,  or  the  disease  may  be  contracted  by  bathing 
in  water  in  which  brushes  or  harness  have  been  cleaned  after  having 
been  used  on  infected  animals.  Cavalrymen,  horseshoers,  hostlers, 
veterinaries,  and  butchers  are  most  exposed  to  infection. 

Course  and  Symptoms. — The  disease  may  run  a  course  in  man 
which  is  either  acute  or  chronic.  In  the  first  form  it  often  simulates 
rheumatism  or  tj-phoid  fever.  Beginning  with  malaise  and  rheumatic 
pains  in  different  parts  of  the  body,  an  elevated  temperature  soon 
develops,  and  with  it,  if  the  infection  atrium  is  upon  a  visible  part  of  the 
body,  noduics  appear  at  and  near  the  site  of  infection.  The  skin  may 
be  quite  generally  attacked  with  a  pustular  eruption  which  leaves 
ragged,  dirtj'  ulcers.  These  ulcers  maj-  spread  and  coalesce,  and 
phlegmonous  infiltrations  may  spread  away  from  them.  Lymphangitis 
and  lymphatic  adenopathy  are  often  seen.  The  primary  seat  of  di.scase 
may  be  in  the  upper  air-pas.sages  or  even  in  the  bronchi,  but  this  local- 
ization is  not  so  common  in  man  as  in  the  horse.  The  sccondarj'  foci 
of  the  disease,  due  to  the  transmission  and  localization  of  the  bacilli  by 
the  vascular  apparatus,  are  di.stributed  in  much  the  same  way  as  the 
secondary'  foci  of  suppurative  inflammation,  to  which  the  individual 
lesions  bear  a  close  resemblance. 

While  the  acute  form  of  glanders  is  fatal  in  a  few  days  or  two  or 
three  weeks,  the  chronic  form  has  a  fatal  outcome  in  only  about  half 
the  cases,  and  then  only  after  from  two  months  to  one  or  more  years. 
In  the  chronic  form  of  the  di.seasc  the  resemblance  of  the  pathological 
processes  is  in  favor  of  syphilis  and  tuberculosis.  These  secondary 
deposits  arc  noted  not  only  in  the  internal  organs  but  in  the  muscles 
and  the  subcutaneous  tissues. 

The  morbid  anatomy,  according  to  Baumgarten,  is  that  of  a  dis- 
ease standing  midway  between  abscess  and  tuberculosis.     Says  Preisz : 

*'  The  first  beginning;  of  the  nodular  formation  is  the  appearance  of  epithelioid  cells  with 
jigtis  of  Itnryokinesis,  exceptionally  also  ivilti  several  nuclei.  'I'htsc  epithelioid  cells  arise 
from  the  fixed  cells  of  the  cunnecllve  tissue,  of  the  vessels,  or  of  the  parenchyma  involved  ; 
from  the  border  of  the  nodule  there  begins  later  an  inliltmtion  by  wanrfcring  leukocytes, 
which,  in  eonstc]uencc  of  the  segmentation  and  breaking  up  of  their  nuclei,  are  more  nearly 
related  to  pus -corpuscle?  than  are  the  leukocj'ies  of  tubertles  ;  finally  there  follovrs  softening 
and  breaking  down  of  the  nodule,  while  at  its  peripherj-  proceeds  the  process  described." 

The  diagnosis  of  glanders  in  the  well-marked  cases  occurring  in 
those  whose  occupations  are  suggestive  of  exposure  to  infection  is  by 
no  means  difficult;  but  in  the  acute  cases  affecting  persons  not  usually 
associated  with  the  lower  animals,  especially  when  the  infection  atrium 
is  concealed,  and  when  the  symptoms  resemble  those  of  rheumatism 
or  of  septic  infection,  the  diagnosis  may  be  doubtful  or  even  erroneous. 
In  the  chronic  cases  in  which  localization  of  the  lesions  is  not  typical, 
doubt  or  conftision  may  again  occur. 

To  aid  in  diagnosis  we  have  several  valuable  signs,  some  of  which 
are  conclusive.  Of  these  arc,  in  the  first  place,  the  discovery  and 
identification  of  the  Bacillus  mallei.     This  demonstration  is  proof  posi- 
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tive  of  the  disease.  Strauss  has  proposed  a  quicker  method  of  reaching 
a  conclusion — by  injecting  the  discharges  into  the  peritoneal  cavity  of 
raaJe  guinea-pigs  and  noting  the  swelling  of  the  testes  which  invariably 
occurs  within  a  few  hours.  Unfortunately  for  this  test,  the  swelling 
occurs  also  after  the  injection  of  certain  non-pathogenic  micro-organisms. 

When  the  tuberculin  test  for  tuberculosis  was  introduced,  efforts 
were  instituted  to  obtain  a  similar  test  for  glanders.  These  efforts  cul- 
minated successfully  in  the  discovery  of  lualldn,  a  product  consisting 
of  the  toxins  of  the  glanders  bacterium  as  obtained  from  pure  cultures 
grown  on  various  artificial  media.  The  reagent  is  injected  hypoder- 
mically  in  quantities  corresponding  with  the  strength  of  the  preparation 
and  with  the  size  and  general  condition  of  the  subject.  When  a  suit- 
able dose  is  thus  administered  to  an  animal  or  a  man  affected  with 
glanders,  a  thermal  reaction  occurs  in  from  75  to  90  per  cent,  of  the 
cases.  The  rise  in  temperature  must  be,  in  horses,  not  less  than  3°  C. 
to  be  determinative.  We  thus  have  a  valuable  addition  to  our  means 
of  determining  the  existence  of  the  disease  in  its  latent  chronic  forms, 
especially  in  horses. 

Treatment  in  this  disease  also  becomes  largely  a  matter  of  pro- 
phylaxis, and  the  mallein  test  gives  us  abundant  aid  in  the  stamping 
out  of  the  contagion.  Since  horses  which  have  been  tested  with 
mallein  are  in  no  way  injured,  the  reagent  may  be  freely  applied  to  all 
the  horses  in  a  country  and  to  all  imported  animals,  all  the  infected 
animals  may  be  destroyed,  and  in  this  way  the  disease  may  be  almost 
or  quite  stamped  out.     Man  is  thus  best  protected. 

When  the  disease  is  once  contracted,  it  usually  proves  fatal  in  the 
acute  form.  No  adequate  treatment  has  yet  been  proposed,  although 
methods  by  the  use  of  the  serum  of  immunised  animals  have  been 
tried.  In  the  chronic  forms  of  the  disease,  in  which  the  death-rate  is 
not  so  high,  more  may  be  accomplished  by  surgical  treatment.  The 
ulcers  are  treated  antiseptically.  especial  pains  being  taken  to  destroy 
the  bacteria  in  the  discharges.  Abscesses  must  be  promptly  opened, 
if  possible  with  the  thermocautery,  in  order  to  prevent  further  infection 
by  way  of  the  lymphatic  system.  Of  course,  general  symptoms  will 
be  treated  according  to  ordinary  indications. 


ACTINOMYCOSIS. 

Actinomycosis  is  an  infectious  process  superinduced  in  man  and  in 
the  ox  by  the  micro-oi^anism  known  as  actinomyces  or  ray-fungus.  In 
the  ox  the  disease  is  commonly  called  lumpy-jau\  In  Germany  the 
fungus  is  called  Stmlth-npiis.  and  the  disease   Sirahlenpilz-krankhcit. 

The  history  of  the  disease  as  a  recognized  entity  is  very  short 
Although  Bollinger  was  the  first  to  prove  the  connection  of  the  ray- 
fungus  with  the  lumpy-jaw  of  cattle,  l^ngenbeck  {1845)  and  Lebcrt 
(1857)  had  pictured  the  fungus-granules  long  before.  Israel  in  1878 
described  "  characteristic  mycoses "  in  man,  which  have  since  been 
recognized  as  cases  of  actinomycosis.  Ponfick  first  demonstrated  the 
actinomycotic  infection  in  such  cases  in  man,  and  established  its  pathol- 
ogy upon  a  sound  pathological  and  clinical  basis.  With  this  beginning, 
•urgcons  in  all  parts  of  the  world  proceeded  to  a  careful  study  of  the 
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disease  with  such  enthusiasm  that  in  1892  IHich  of  Vienna  was  able  to 
collect  421  cases  occurring  in  man.  Every  surgeon  of  experience  is 
now  familiar  with  the  malady,  and  while  actinomycosis  cannot  be 
considured  a  common  disease,  it  is  far  from  being  rare. 

Minute  Anatomy. — The  bacteriolog>'  of  actinomycosis  is  of  great 
interest,  especially  because  of  the  difficulties  encountered  in  artificially 
cultivating  and  in  classifying  the  micro-organism,  and  in  deciding  whether 
the  varying  forms  of  the  microbe  belong  to  one  or  more  species.  For  a 
discu.ssion  of  this  part  of  the  subject  the  reader  must  be  referred  to  the 
chapter  on  Bacteriology.  We  may  say,  however,  that  the  production  of 
sulphur-yellow  granules  is  characteristic  of  the  morbid  process.  These 
granules  are  composed  of  masse.s  of  acUnomycetes  adherent  together. 
The  presence  of  these  masses  in  the  tissues  gives  rise  to  much  prolifera- 
tive reaction  on  the  part  of  the  tissues,  which  is  expressed  in  the 
deposit  of  leukocytes,  the  multiplication  of  the  fi.xed  tissue-cells,  and 
the  formation  of  giant  cells.  The  kerncl-hke  mass  of  bacteria  is  thus 
soon  surrounded  by  active  granulation-tissue — the  usual  concomitant 
of  chronic  inflammation.  As  is  also  the  case  in  chronic  inflammation, 
this  newly-formec!  connective  tissue  may  contract  at  a  later  time  and  cut 
short  the  activity  of  the  micro-organism.  But  a  single  nodule  of  this 
kind  is  not  hkely  to  be  formed  ;  many  such  masses  usually  He  side  by 
side.  These,  by  coalescence,  produce  indurations  as  extensive  as  the 
diffusion  of  the  bacteria  permits.  The.se  masses  may  "  heal  out "  by 
penetration  of  the  connective  tissue  into  the  midst  of  actinomycetes. 
But,  on  the  other  hand,  degenerative  processes  in  the  center  may  occur, 
and  a  purulent  materia!  form,  which,  increasing  in  quantity  by  the  coal- 
escence of  many  nodules,  may  be  forced  into  distant  tissues  by  the 
pressure  of  muscles,  etc.,  and  con\'ey  the  disease  to  distant  structures. 
Fibrin  is  deposited  in  considerable  quantity  in  the  invaded  tissue. 

.Should  this  process  occur  in  the  midst  of  bone-tissue,  the  osseous 
structure  will  be  destroyed  in  the  immediate  neighborhood  of  the 
disease,  while  the  bone  undergoes  hyperplasia  about  the  periphery. 

There  is  no  controversy  about  the  hyperplaatic  flctivitv  excited  by  the  ray-fungus  ;  but  all 
are  not  agreed  aa  to  its  pyogenic  properties.  Israel  is  the  champion  of  the  pyogenic  theory. 
Bostioeni,  with  «hora  Kppinger  agrees,  believes  Ihal  at  first  an  acule  inflammation  occurs, 
which  soon  becomes  a  chronic  process  of  a  reactive  prolifemtive  character,  and  as  a  result 
of  which  the  cnudole  undeigoes  disimej^ralion.  Hobell,  whose  views  are  essentially  the 
same,  calU  attention  to  the  fact  that  actinomycosis  is  to  be  counted  as  one  of  the  forms  of 
pseudotuberculosis.  Aschoif  maintains  the  specific  p^'ogenic  power  of  the  organism,  and 
calls  especial  altenlion  to  the  metastases  of  the  disease,  with  which  pus  is  usually  associated, 
as  evidence  in  favor  of  this  view.  Uf  course,  no  one  denies  that  pu.s  is  usually  associated 
with  all  fortnii  of  the  disease  as  it  occurs  in  loan  -.  but  the  pus  is  generally  ascribed  to  a  mixed 
infection  with  other  micro-organisms. 

The  gross  pathological  anatomy  of  the  disease  is  everywhere 
associated  with  chronic  indurations,  with  softening  and  liquefaction,  and 
with  the  resulting  sinuses. 

About  the  head  and  neck,  which  ate  favorite  sites  of  the  disease,  the  lower  jaw  and  cer- 
vical fascia  lire  frequently  affrctcd.  The  soft  parts  arc  usually  thickened  atid  indutaled,  and 
here  and  there  .soft,  spots  occur,  which  eventually  break  down  and  result  in  sinuses,  discharg- 
ing a  thin  walery  pus,  in  which  are  usually  seen  the  small  sulphur-colored  granules.  The 
cervical  fascia  is  often  attacked  by  the  disease,  which  then  gives  the  neck  a  brawny  hardness 
Ihat  may  beciime  very  eilensive  in  area.  The  lymphatic  Blonds  are  not,  as  a  rule,  exten- 
sively affected.  After  a  time  the  liquefaction -process  brings  about  the  formation  of  minuses 
opening  upon  Ihe  skin,  when  the  massive  enlargement  diminishes  somewhat  in  siie.     In  the 
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01  the  longuc  is  o(Ien  afTeclnl.  and  attain!  a  coii.^iilcrablc  size  mid  great  hardness.  In  Ihe 
iin:li  the  ikin  i*  frequently  aiiaclttd.  llie  induration  occurring  al  irregular  inlervali,  ihromng 
th?  iiiieguEneni  into  folds  or  wave^  uf  im'§^Lar  enlargement. 

Allhcnigh  the  tay-(ungus  is  capable  of  proitucing  n  superficial  bnmchitis  unassucinted 
rith  %n\  olher  pulmonic  lesions,  the  lungs  are.  a^  a  rule.  aHecled  wilh  a  well-marked  phthisis, 
■hich  usually  tuns  a  cuursc  much  like  (hat  uf  tuberculosis.  In  (he  abilnmeii  the  disease 
BHLilly  Ukes  origin  in  the  appendix  or  cecum,  nboul  which  swellings  forra,  which  may  be 
Confused  with  carcitiomn.  but  which  at  last  si^iften  with  the  disthiirge  of  pus.  Sinuses  open 
Other  ujion  the  >kin  <»r  '\\\\.-^  the  inti;stincs  or  bladder, 

Thr-atrbl  of  infection,  the  symptoms,  and  thecOUrseofactinomycosis  were  studied 
by  Israel  under  the  ^ub'iiviMon; ;  11)  Head  and  netk ;  (2)thr.'>t;  (j|  abdomen  ^  (4) 
bnin  :  ami  ( 5 1  the  skin.  Although  the  aciinomycetes  have  not  been  studied  m  their  natural 
hibilal  outride  the  body,  it  is  known  that  infeclion  usuallv  occurs  as  a  resuh  of  coclaci  u-iih 
nrious  grains.  Infection  of  ihe  slrucluies  of  ihe  head  and  neik  takes  entrance  Ihrough  Ihe 
niiDlh  anil  throat.  The  old  noiion  ihoi  those  engageil  in  the  care  of  attinoniycolic  onimals 
Fumihh  Ihe  chief  contingent  of  cases  i^  now-  no  looker  tenable,  although  it  i:i  unclispuled  thai 
some  ca--es  of  the  diwaie  give  (his  hisl'iry.  The  majorily  of  cases  ate  infected  by  contact 
vitb  infected  grain.  A  most  striking  illustrative  instance  is  that  of  Hertlia.  in  vi'hieh  (he 
disease  look  origin  in  s  wound  of  (he  punterior  wall  of  ibe  plianiii.  In  the  wound  was 
(buod  a  grain  covered  with  aclinotnyces,  which  was  sticking  in  the  vinund,  A  number  of 
patients  have  ieslitie<l  that  ihev  were  in  the  habit  of  chewing  (he  grains  or  the  straw  of 
whea(,  barley,  or  olher  ceteiil.s.  In  the  Letpiip  Patholc^cal  Institute  a  case  of  pulmonary 
■ctiaoinircosjs  examined  posl-mortem  was  carefully  studied  and  a  grain  found  in  the  lung- 
Ctnlf.  1(  wai  nipposed  (o  have  been  aspirated  iiili>  (he  lung.  I'he  cases  of  intestinal 
■clinomycDsis  are  thought  10  be  caused  by  swallowed  bacteria. 


Fm  46. — Aclmomycosis  of  the  cheek 

(lllich). 


Fig,  47.- — Aclinomvcosis,  cervical 
type  (lllicli). 


The  atrium  of  infection  in  ihe  faciocervical  form  of  Ihe  disease  is  often  a  decayed  Inolh, 
ja  which  an  infected  grain  has  occasionally  been  found.  The  papillae  of  the  longuc  and 
ihe  follicle^  uf  the  tonsil  arc  eicetlent  saccules  for  the  retention  of  the  infection -bearing 
body.  Infected  meal,  cither  raw  or  imperfectly  cooked,  has  been  suspected  uf  bearing  Ihe 
wacue,  The  well -recognized  cases  of  pnman^  cutaneous  actinomycosis  are  proiluced  by 
CVOMCt-infeclion  from  gcrmladen  objetls.  Actinomycotic  pus  is  thought  to  he  a  possible 
Mediiun  lil  infectitm.  Hence  (he  surgeon  should  carefully  destroy  the  infeclefl  dressings 
•od  jiurd  any  small  anil  otherwise  insigniAcnnl  wounds  upon  the  skin  of  Ihe  patient  or 
tip?n  h(*  own  lijindx. 

-\l1hi>ug!i  the  infection  atrium  in  the  faciocervical  form  of  actinomycosis  is.  as  described, 
>  aiKnis  toDlh.  a  crypt  of  the  tonsils,  a  fold  of  mucims  membrane,  a  wound  or  an  ulcer, 
dinct  eiidcDce  »f  the  mode  of  enlrj  usually  disappears  early  in  Ihe  coune  of  the  di9ea.se. 
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Incloed^  ii  wound  or  ultcr  may  heal  entirely^  leaving  no  vk&ible  trace,  vhiLe  actinomycosis  [5 
going  OQ  in  neiglibiiring  slnitlures.  (Jnce  Ihe  disease  is  rtKognized  in  the  cheek  01  in  ihe 
conneclivc  lissue  or  skin  of  Ihc  neck,  ■  lell-Ule  hand  of  scar-lissue  may  guide  the  diagnos- 
licion  lo  ihe  infection  atrium. 

As  actinomycosis  is  essentially  a  chronic  process,  scar-formation 
may  obliterate  the  disease  at  some  points,  while  at  others  it  is  active. 
Hence  the  patient  may  come  to  the  surgeon  for  an  in.significant  indu- 
ration upon  the  jaw,  in  the  skin  of  the  cheek,  or  in  the  superficial  cer- 
vical fascia.  The  disca.se  is  tisually  paiiiiess,  and  mechanical  signs  are 
often  the  only  manifest  phenomena.  If  the  lower  jaw  is  attacked, 
ankylosis,  either  spasmodic  or  fibrous,  is  usually  present  in  varying 
degrees.  The  disease  in  the  skin,  at  first  showing  induration  only,  is 
soon  characterized  by  softening  at  the  center  of  the  nodular  mass  and 
reddening  of  the  skin.  Illich  compares  the  appearance  to  that  of  an 
inflamed  sebaceous  cyst.  If  the  fluctuating  center  is  incised,  the  char- 
acteristic granules  are  discovered  in  the  detritus  or  pus.  When  these 
infiltrations  occur  over  the  jaw,  they  are  usually  adherent  to  the  bone. 
As  secondary  mixed  Infectinn  almost  always  takes  place  when  the  foci 
are  opened,  the  constitutional  disturbances  take  on  the  phenomena 
seen  in  pyogenic  infection.  The  disease  infiltrates  the  skin  progres- 
sively but  irregularly,  throwing  it  into  knobs  and  masses  which  are 
separated  from  one  another  by  depressions.  Usually  a  number  of 
sinuses  discharge  upon  the  skin  at  different  points. 

The  disease  thus  localized  may  terminate  in  recovery,  especially  if 
surgical  aid  is  extended;  but  it  may  end  fatally  by  extension  to  the 
meninges  of  the  brain  or  to  the  chest-cavity,  by  metastases  to  distant 
viscera,  or  by  secondary  septic  processes. 

Jurinka  reports  a  case  of  hngual  actinomycosis,  Koch  an  instance  of  a  parotid  localiza- 
tion, and  Marcliand  two  examples  of  esophngeiil  aclinoniycosj'i.  In  I'tie  ^if  these  cases  a 
small  perforallon  iif  the  esfiphagus  near  the  cardia  was  oliserved,  and  in  Ihc  neighbiirlicioii 
was  an  exlenaive  sacculated  ahscess  with  actinomycotic  pus. 

The  disease,  when  it  involves  the  face  and  neck,  is  of  slow  evolu- 
tion. Side  by  side  the  processes  of  destruction  and  proliferation  go  on, 
with  the  result  that  labyrinthine  sinuses,  opening  at  numerous  points 
on  the  skin,  burrow  in  the  superficial  fascia,  about  the  muscles  of  the 
neck,  and  often  along  the  course  of  the  great  vessels  or  along  the 
maxillary  bones. 

The  pulmonary  localization  of  the  disease,  thought  to  be  instituted 
by  the  inhalation  of  the  infectious  agent,  is  regarded  as  the  gravest 
form  of  actinomycosis. 

Illich,  after  an  exhaustive  study  of  the  literature  in  1892,  cited  only  two  case^  of  recovery 
in  pulmonary  aclinoinycosis-  The  high  mortality  he  thinks  due  lo  the  inaccessibility  of  the 
disease,  hut  more  especially  to  the  fact  that  It  spreads  so  extensively,  not  only  tliruugh  Ihe 
lung-tissue  but  through  Ihe  pleura,  the  pcripleural  tissue,  and  imo  the  neighboring  bones. 
Sinuses  opening  in  various  directions  are  likely  to  form,  and  surgical  procedures,  although 
properly  indicated,  are  likely  to  be  of  no  avail,  from  the  fact  that  all  foci  of  disease  cannot 
be  reached  and  extiqiatcd.  The  <1isease  in  this  situation  simulates  tuberculosis  pulmonum 
very  closely  in  a  clinical  way  as  well  as  in  its  gross  anatomical  progress  (Illich).  Except 
where  Che  disease — fre<iucntly  located  in  the  lower  lobe  of  the  lung — destroys  hfe  by  some 
pathological  catastrophe,  as  by  nipture  through  the  dinphragm,  It  is  likely  to  kill  by  ex- 
nnusliipn  and  sejilic  intoxication  due  to  mixed  infecliiin. 

Abdominal  actinomycosis  is  thought  to  take  origin  in  ingested 
bacteria,  to  the  localization  of  which  no  part  of  the  gastro-intestinal 
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tube  is  immune ;  but  those  parts  of  the  intestine  which  are  peristalti-f 
cally  least  active  arc  most  likely  to  be  affected.     This  is  especially  true 
of  the  cecum,  actinomycotic  inflammation  of  which  simulates  recurring 
attacks  of  appendicitis.     Abdominal  actinomycosis,  localized  in  struct- 
ures of  widely  varying  anatomical  peculiarities,  gives  rise  to  a  wide  , 
range  of  symptoms.     "There  are,"  says  IlHch,  "ca.scs  which  point  tofl 
disease  of  the  iliopsoas  muscle,  otiiers  where  abdominal  pains,  some- 
times vague,  sometimes    localized,  or  cramps,   colic-like  attacks,   and 
vomiting  occur.     All  sorts  of  disturbances  of  defecation  have  been 
obsen'ed,  even  to  tenesmus,  with  discharge  of  mucus."     In  general 
these  varying  symptoms  are  associated  with  the  occurrence  of  an  a 
dominal  induration.     An  infiltration  may  extend  outward  from  with 
until  it  involves  the  skin,  and  a  diagnosis  is  made  upon  the  discove 
of  the  aclinomycetes  in  the  discharge.     The  pathogenic  organism  may 
be  discharged  by  the  rectum  or  the  bladder.     The  greatest  difficulty 
in  treatment  is  encountered  when  the  disease  involves  branches  of  the 
portal  vein,  since  actinomycotic  liver-abscesses  are  then  likely  to  make 
their  appearance  and  to  dominate  the  symptomatology  of  the  disease. 
Nevertheless,  a  number  of  cured  cases  of  the  abdominal  fonn  of  actin- 
omycosis are  now  on  record.     These  cases  are  sometimes   instano 
of  spontaneous  recovery;   sometimes  are  due  to  a  combination  of 
medical  and  surgical  methods  of  treatment. 

Actinomycotic  disease  of  the  female  generative  organs  has  been 
reported,  but  is  usually  secondary  to  disease  originating  in  other  parts 
of  the  abdomen.  Rarer  localizations  of  the  disease  are  the  middle  ear,! 
the  larynx,  the  mammary  glands,  and  the  lacrimal  ducts. 

Actinomycosis  is  capable  of  dissemination  through  the  system  in 
the  guise  of  pyemia.  Secondary  actinomycotic  foci  may  then  be  found 
in  the  most  widely  separated  viscera. 

In  the  diagnosis  of  the  di.sease,  it  is  essential  to  bear  in  mind  the 
clinical  characteristics  already  portrayed;  but  these  alone  are  not  suf- 
ficient to  distinguish  it  from  various  forms  of  the  other  infectious  granu- 
lomatous diseases — i:  ^.,  tuberculosis,  syphilis,  etc.  The  cutaneous 
form  of  the  disease,  by  its  irregularly  nodular  indurations,  is  sugges- 
tively characterized  ;  but  even  here  we  seek  other  signs.  The  crucial 
lest  of  the  disease  is  fortunately  applicable  in  the  great  majority  of 
ca.scs  of  the  disea.se — vi;;.,  the  discovery  of  the  micro-organism,  the 
peculiar  yellow  bodies  floating  in  the  pus.  These  masses  should  be 
examined  carefully  with  the  microscope,  since  granules  of  tubercular 
detritus  sometimes  simulate  them  in  gross  appearance.  The  nodule  is 
placed  on  a  glass  slide,  a  cover-slip  is  laid  over  it.  and  a  little  pressure 
applied  to  the  cover-slip  crushes  the  body.  The  radiating  clubbed 
filaments  may  then  be  recognized. 

The  localized  forms  of  tuberculosis,  especially  in  the  skin,  are  best 
distinguished  from  actinomycosis  by  the  bactcrioscopic  findings.  But 
the  fact  that  in  tuberculosis  the  regional  lymphatic  glands  are  often 
affected,  while  the  actinomyccs  does  not  tend  to  disseminate  itself  in 
this  way,  should  aid  the  diagnostician. 

Carcinoma  of  the  tongue  is  .situated  usually  near  the  base,  while 
actinomycosis  is  localized  near  the  tip.  Besides  this,  the  lancinating 
pain,  the  tenderness,  the  tendency  to   ulceration,  and  especially  the 
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glandular  infiltration,  aid  in  the  distinction.     Syphilis  is  to  be  excluded 

by  thu  collalcral  evidences  of  the  disease  and  by  therapeutic  adjuvants. 
Actinomycosis  of  the  lungs  simulates  tuberculosis  so  closely  that  a 
distinction  without  microscopical  evidence  is  impossible.  Usually  the 
disease  attacks  the  lower  lobes  of  the  organs,  and  sinuses  leading  to 
the  skin  are  formed.  The  granules  discovered  in  the  pus  are  then  of 
decisive  value. 

It  is  equally  essentia!  in  the  diagnosis  of  the  abdominal  form  to  find 
the  actinomyccs  in  the  pus  before  reaching  a  diagnosis  as  to  the  cause 
of  the  easily  discovered  induration  (Koraiiyi). 

Treatment. — Actinomycosis  in  cattle  is  to  a  considerable  degree 
amenable  to  internal  medication  by  potassium  iodid,  suggested  in  i88g 
by  Thoma.sscn  of  Utrecht  for  that  disease  when  localized  in  the  tongue. 
Eightj'  casL's  treated  by  him  were  all  cured.  Norgaard,  of  our  Bureau 
of  Animal  Industry,  first  applied  the  remedy  in  the  treatment  of  actino- 
mycosis of  the  jaw,  and  with  succe.s.s.  Of  185  affected  animals  pur- 
chased by  the  Bureau  of  Animal  Industiy.  131  were  cured  by  this 
drug.  "In  most  of  these  cases,"  says  Dr.  Salmon,  "after  treatment 
was  finished,  there  was  only  a  bunch  of  fibrous  tissue  to  show  where 
the  tumor  had  been."  To  these  animals  only  i  ^  to  z\  drams  (6  to 
10  gm.)  per  day  were  administered.  lodism  appeared  in  the  course 
of  a  week  or  ten  day.s.  The  treatment  was  then  suspended  for  a 
few  days,  to  be  again  renewed  for  a  time.  Cures  have  often  been 
effected  in  two  weeks,  but  usually  treatment  is  required  for  twice  that 
period. 

In  man,  a  variety  of  remedies  were  vaunted  before  potassium  iodid 
gained  its  present  therapeutic  ."Status.  Corrosive-sublimate  injections 
(Albert),  tuberculin  (Billroth),  carbolic  acid  and  glycerin  with  methyl 
violet  (Raffa),  and  silver-nitrate  sticks  introduced  into  the  .sinuses 
(Kottnitz)  have  all  been  used,  according  to  Jurinka,  with  more  or  less 
success.  A  long  list  of  cases  treated,  and  for  the  most  part  cured,  by 
potassium  iodid  is  cited  by  the  last-named  author.  The  dose  as  u.sed 
by  Huzzi  and  Galli-Valcrio  was  30  gr.  (2  gm.)  daily,  the  treatment 
being  continued  for  two  months.  Netter  began  with  a  dose  of  90  gr. 
(6  gni.)  daily,  then  diminished  to  15  gr.  (i  gm.),  which  was  continued 
until  in  one  month  a  cure  was  effected. 

The  experiments  of  Jurinka  upon  the  ray-fungus  in  vitro  do  not 
indicate  a  direct  bactericidal  action  on  the  part  of  the  drug;  but  his 
finding  of  iodin  compounds  in  the  pus  of  patients  taking  the  drug 
proves  that  it  has  abundant  opportunity  to  reach  the  scat  of  disease. 
It  is  believed  that  it  acts  by  increasing  local  tissue-reaction.  Wolflcr, 
in  whose  clinic  Jurinka  conducted  his  studies,  appends  a  note  to  the 
article  of  his  pupil,  in  which  he  further  commends  the  use  of  the  iodid 
and  adds  another  case  to  the  list  of  cures. 

We  must  admit  that  this  treatment  is  to  be  tried  persi.stently  in  all 
the  inaccessible  forms  of  the  disease,  and  tentatively  in  its  more  super- 
ficial manifestations ;  but  adverse  reports  of  cases  in  which  the  drug 
was  tried  without  succe.'is  are  not  wanting.  The  failures  are  in  many 
cases  doubtless  due  to  the  extent  of  the  disease,  to  the  virulence  of 
the  infection,  to  a  secondarj'  mixed  infection,  or  to  an  inherent  lack 
of  resistance  on  the  part  of  the  individual  attacked.     It  is  possible  that 


ACTlA'OMycOSIS. 

there  are  several  varieties  of  the  cladotliriK  grouped  under  the  thl 
actinomyces.  which  have  diflerunt  degrees  of  invasive  activity  and  vary^ 
ing  powers  of  resistance  to  the  action  of  potassium  iodid  and  tb 
granulation -tissue  proliferation  which  it  excites.     These  questions  are 
for  the  future  to  decide.     The  writer  observed  one  case  of  the  facio- 
ccrvical  type  in  which  the  drug  had  no  visible  eflect. 

G-,  farmer,  aet.  cir,  fifty-five  ycat*,  lo[>er,  noliced  a  swelling  under  The  Icfl  ITlferior  maXi 
illary  bone  in  ihe  region  of  Ihe  submaaillaTy  glatid.  A  lienlist  esltaclcd  Ihe  second  lei 
l.iwer  molar  (oolh,  which  wn*  cariou5.  No  relief  followed  this  saerilicc.  The  swelling 
cnnlinDed  lo  increase  very  slowly  for  lour  or  five  monlhs,  w!ien  Ihe  palient  wa^  referred  to 
me  by  Dr.  Byron  Robinson.  Al  Ihal  lime  Ihe  swdling  wa.s  nlHml  (he  M;e  of  a  hen's  egg 
and  wu  adherent  lo  Ihe  inf<:rtor  inaxilla,  over  which  ii  was  immovable.  The  swelling  was 
hard,  diffuse,  a.nd  indi^ilintily  outlined.  The  skin  over  the  mass  wat  adherent,  especially 
over  (he  most  prominent  part  of  the  tumor,  where  two  sinuses  opened.  The  skin  about 
these  openings  was  bluish  in  color  and  chin,  and  from  the  sinuses  was  discharged  a  Ihin 
serain-Uke  pus  which  eimiained,  here  and  iheie,  Ihe  characteristic  granules  of  acliuomycelcs. 
When  the  palieni  was  anesthetized  and  the  skin  opened  ihe  sinuses  were  seen  lo  run  in 
»«rioiisdira:lions.  honeycombing  the  supcrticial  fa.wia  and  at  limes  pcrfoniling  it.  The  peri- 
oMniiii  of  the  inferior  niaiilia  was  altacked,  and  at  points  Ihe  bone  was  denuded.  No 
lynphaiic  glands  had  l>cen  attacked.  The  opetalton  was  therefore  limited  lo  a  thorough 
enreiiing  and  careful  eicision  of  oil  infected  lags  of  tissue  with  (he  scissors,  lodofoon- 
giuie  parking  was  kepi  up  carefully  until  the  wound  was  covered  wiih  granulalions,  whea 
the  patient  went  to  his  home  at  a  distance.  After  an  interval  of  about  tliree  months, 
ihe  patient  returned,  and  staled  Ihal  the  disea.se  was  spreading,  II  was  found  tikhave  en- 
leaded  downward  along  Ihe  superficial  fascia  for  aboul  Iwo  inches,  with  numerous  pockeCl^: 
and  blind  sinuses  lined  with  Rabby  granulations  secreting  a  thin  pus,  which  contained, 
before,  the  actinomyces  kerneis.  The  parts  were  again  Ihoriiughly  curetted,  and  diseased 
Ussues  cli]3|.>e<]  out  with  scis^^rs.  The  philitnt  went  home,  and  in  about  five  months 
again  relumed  with  a  recurrence.  This  time  il  was  decided  to  operate  radically.  Wilh 
this  end  in  view,  the  tissues  were  thoroughly  opened  and  all  invaded  parls  exposed.  A 
dissection  was  made  as  carefullv  as  possible,  almost  as  e^ilensively  as  for  malignant  disease, 
ihe  incision  extending  almost  (o  ihe  clavicle  below.  The  inferior  maiilla.  whieh  had  been 
curetted  al  the  second  operation,  was  at  thi'  lime  found  so  deeply  invaded  by  Ihe  actinomy- 
cotic caries  that  it  was  deemed  best  lo  partially  resect  il.  The  resected  portion  included  all 
that  part  of  the  bone  eilending  from  the  canine  tooth  lo  ihe  articulation  of  the  left  side. 
ParriculAt  care  was  taken  lo  dissect  out  the  fascia  as  far  as  the  disease  could  be  delei^lcd. 
The  palieni  bore  the  operation  well,  getting  out  of  bed  on  ihc  sectmd  dav  and  walking 
aboul  the  hospital.  His  wound  made  cvcelleiu  pnigtess.  healing  through  a  considerable 
eilcvil  by  ^T9l  intention.  A  sinus,  however,  remained,  and  eventually  began  discharging 
•CttDocayces granules.  At  thistime  potassium  iodid  wst  given  in  increasing  doses  for  several 
Weelu  until  iodi.*m  was  induced.  No  cffecl  on  the  disea.se  was  visible  at  any  lime.  The 
patient  relumed  lo  his  home  and  began  a  systemalic  course  of  drinking,  and  after  four  or 
urt  iDontht  died  of  a  basal  meningitis. 

Besides  ihc  fad  llial  p)ia<sium  iodid   was  found  of  no  avail,  this  case  is  inlercstinf , 
beeaflse  of  the  great  tesislance  of  Ihc  infection  lo  operative  procedures. 

We  know  that  the  disease  of  the  faciocervical  type  is  usually  amen- 
able to  the  simpler  surgical  procedures.     The  writer  had  proved  thisj 
in  the  case  of  a  young  laundryman  who  had  actinomycosis  of  the! 
lower  Jaw  near  the  angle  of  the  right  side.     The  origin  of  the  disease 
in  thi«  case  could  not  be  traced.     Simple  curetting  sufficed  to  effect  aj 
permanent  cure. 

Dr.  \^  L.  MacArthur  reported  before  the  Chicago  Gynecological 
Society  a  case  of  mammary  actinomycosis  in  which  potassium  iodid 
was  of  no  avail,  and  in  which  amputation  had  eventually  to  be  resorted 
to. 

The  curiou.t  case  is  now  under  the  observation  of  a  medical  friend 
of  the  writer,  of  a  woman  in  whom  a  number  of  sinuses  have  been 
discharging  actinomycotic  pus  for  more  than  ten  years.  Potassium 
iodid  causes  an  entire  cessation  of  the  discharge  of  actinomycotic 
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granules  so  long  as  its  administration  is  continued ;  but  when  it  is 
omitted  for  a  few  days  the  granules  reappear.  Thus  the  drug  succeeds 
here  in  only  checking  the  disease,  but  does  not  cure  it. 

Jurinka  calls  attention  to  the  occasional  recurrence  of  the  disease 
after  a  superficial  healing  ha.s  been  brought  about  by  the  iodid.  This 
recrudescence  may  neccs.sitate  a  return  to  the  drug.  It  should  be 
mentioned  that  W^olflcr  frequently  uses  applications  wet  with  potas- 
sium-iodid  solution  as  a  local  adjuvant  to  the  internal  treatment  with 
the  same  agent. 

We  should  begin  the  treatment  of  actinomycosis,  then,  in  all  acces- 
sible forms  of  the  disease  by  the  simpler  surgical  procedures,  regarding 
the  process  not  as  a  malignant  one.  but  a.s  a  malady  which  under 
favorable  conditions  can  be  overcome  by  the  tissues.  Potassium  iodid 
is  to  be  employed  as  an  adjuvant  in  these  cases,  and  as  an  independently 
curative  agent  in  the  inaccessible  forms  of  the  disease.  In  those  forms 
of  the  disease  in  which  the  process  has  gone  too  far  for  successful 
extirpation,  the  surgeon  should  open  all  accessible  collection.s  of  actino- 
mycotic pus.  split  such  fistula;  as  can  be  reached,  .scraping  away  the 
detritus,  and.  while  continuing  daily  irrigations  with  suitable  antiseptics, 
administer  tonics  and  potassium  iodid. 

MADURA-FOOT. 

Madura-foot  is  a  disease  of  the  foot  observed  most  frequently,  though 
not  exclusively,  in  tropica!  and  subtropical  countries.     Recognized  as  a 

distinct  disease  but  a  few 
years  ago,  and  occurring 
but  rarely  under  the  obser- 
vation of  competent  pa- 
thologists, madura-foot  is 
as  yet  an  imperfectly  .stud- 
ied disease.  That  it  is 
caused  by  bacteria  and.  in 
all  probability,  by  the 
Slrepiothrix  madiine  (Vin- 
cent), is  scarcely  to  be 
doubted.  This  micro-or- 
ganism, thought  by  many 
to  be  a  form  of  actino- 
myce,*;.  is  doubtless  nearly 
related  to  that  cladothrix, 
but,  according  to  the  most 
recent  researches,  does  not 
seem  to  be  identical  with 
it.  We  again  refer  the 
reader  for  details  to  the 
chapter  on  Bacteriology. 


Fig.  48. — Madurfl-for»(  or  mycetoma  (mclAnoid  vari- 
ety). Porlion  of  amputated  part.  showinK  E<^nonil  .ip- 
pearancoa  of  Ihc  lebfons  on  a  section  extendrnp  b^ick- 
ward  between  two  toes.  The  hiack  Granules  are  seen 
cmbecldi-'d  in  atypical  granulation -tissue  (Beacb  and 
Wright). 


The  morbid  anatomy  of  the  disease  is  clearly  elucidnted  by  Pollauf  and  by  Vincent. 
In  the  soft  ports  of  n  specimen  examinetl  by  Poltaiif  were  numerous  small  abscesses  con- 
taining pus  in  which  were  scaltered  quantities  of  granules  of  pin's-hend  siie  and  smaller. 
By   sucli  abscesses   the   soft   parts  appeared  separated  from  the  carious  nnd    porolic  bone. 
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hluuf  oiled  ntiCDtioii  la  the  fact  that  in  oclinoniycDSis  piDliferatinn  and  osteophyte-romu- 
tiUH  xre  cbservrd. 

In  ViDcears  case,  quanlities  of  ovoid  and  globular  whili^-jeltovr  granules  were  div 
tluus«l.  I'hcHT  granules  wrtc  com- 
piised  iif  mycelia  closely  iiilcrwoven. 
Thrv  ma^?>c>  of  Diycelia  were  found  in 
■be  ti^fOes  Bl  the  celilels  of  vasiularizeJ 
tubrrcle-like  nodules,  which  were  found 
giDopt*!  togelhcr  very  ficnucnlly.  The 
ikia  OTcr  such  mckssc^  wa^  ulrophic, 
Abittil  the  nodules  of  mycelin,  i  con- 
nKliic-lisiue  reaction  hnd  Lnken  place 
togeiher  with  leukocytic  Ltitiltration 
and  lilihnous  inliltrolion.  No  casca- 
Ikm  change*  were  seen. 

Dr.  James  H.  Wright  de- 
scribes the  parts  removed  by 
Dr.  H.  H.  A.  Beach  from  the 
foot  of  an  Italian  woman  suf- 
fering from  this  disease,  as  fol- 
lows ;  ■'  The  dissection  of  the 
amputated  part  showed  the  fol- 
lowing conditions :  In  the  soft 
tissues  of  the  plantar  surface 
of  the  foot,  near  the  tarso- 
metatarsal articulations  and 
immediately  beneath  the  skin,  was  a  pigeon's-egg-sized  ovoid  tumor- 
mass,  sharply  defined  from  the  surrounding  tissue  by  a  faintly  indicated 


Fig.  49. — Same  case  ai  Fig.  48.  showing  DDl- 
grow(!i  of  fungui  filaments  from  one  of  the  black 
gmnules.  Low  magnify mg  poii%er  (Ueach  and 
Wright). 


Fin.  jOi — Same  cue  as  F'g  48.  Two 
twuilliin  cuIluiEi  iif  ihe  fungi's,  thuwing  the 
powder-puff  appTArance  of  (h*;  growth.  In 
Oft*  the  black  granule  is  seen  in  ihe  center  of 
the  MU*  erf  blamenu  (Beach  anil  WrightJ, 


Fli:.  5t. — Same  case  as  Fig.  4B.  Section 
showing  a  granule  wilh  surrounding  giant 
ceils  (Ueach  and  Wright), 


connective-tissue  capsule.     This  mass  on  section  consisted  of  a  soft,  in 
places  gelatinous,  myxomatous- looking  tissue,  traversed  by  a  reticulum, 
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which  divided  it  into  ill-defined  small  areas,  and  in  these  areas  small, 
black,  irregular  granules  like  gunpowder  grains  were  present.  These 
grains  occurred  singly  and  in  groups.  The  tumor-mass  in  one  or  two 
places  also  presented  opaque  yellow  areas.  Two  other  similar  nodules 
of  small  size  were  also  foimd.  One  was  situated  in  the  soft  tissues  of 
the  dorsum  of  the  foot,  near  the  base  of  the  second  and  third  toes,  the 
other  in  the  soft  tissues  of  the  first  phalanx  of  the  second  toe.  The 
larger  of  these  nodules  was  of  about  the  size  of  a  pea.  The  bones 
were  not  involved." 

Symptoms. — The  disease  begins  either  upon  the  plantar  or  dorsal 
surface  of  the  foot,  and  gives  rise  to  a  painless  diffuse  swelling  of  its  soft 
coverings.  Hard  nodules  appear,  but  later  soften,  break  down,  and  dis- 
charge upon  the  skin  a  pus  containing  granules  of  the  mycelia  already 
mentioned.  In  certain  cases  attended  with  pain  these  swellings  remain 
hard. 

Two  forms  of  the  disease  arc  clinically  distinguished — that  in  which 
tlie  granules  are  black,  and  that  in  which  they  are  white.  The  disease 
is  of  slow  evolution.  The  leg  involved  becomes  atrophied,  weak,  and 
useless.  Death  occurs  as  a  result  of  exhaustion,  or  of  complications 
which  are  only  indirectly  the  result  of  the  primary  disease. 

The  treatment  thus  far  employed  successfully  is  amputation. 

THE  BITES  OF  SERPENTS. 

The  wounds  inflicted  by  the  fangs  of  non-poisonous  serpents  give 
rise  to  no  more  disturbance,  local  or  systemic,  than  is  observed  from 
ordinary  wounds  inflicted  by  unclean  in.struments.  The  bites  of  poison- 
ous serpents  are  more  or  less  dangerous  owing  to  the  injection  of  toxic 
substances  at  the  moment  the  injury  is  inflicted. 

Varieties  of  Serpents.— Of  the  1500  or  1800  species  of  snakes 
(ophidia),  there  are  five  kinds,  if  we  divide  them  according  to  their 
mode  of  hfe  and  habitat:  (1)  burrowing  snakes,  living  chiefly  under- 
ground, non-poisonous;  (2)  ground  snakes,  chiefly  non-poisonous;  (3) 
tree-snake.s,  some  of  which  are  poisonous,  while  others  are  non-poison- 
ous; (4)  fresh-water  snakes,  almost  all  non-poisonous;  {5)  sea-snakes, 
which  do  not  leave  the  water  and  arc  poisonous.  Serpents  exist  in 
greater  variety  and  numbers  as  we  approach  the  tropics. 

Of  the  venomous  serpents,  the  various  members  of  the  Naja  genus — 
the  cobras — are  much  dreaded  in  India  and  Africa.  The  mortality  from 
snake-bites  in  India  is  very  high.  In  the  province  of  Burdwan,  with  a 
population  of  six  millions,  more  than  one  thousand  deatiis  occurred 
annually  for  nine  years.  Of  course,  there  are  other  venomous  serpents 
in  India,  which  are  partly  responsible  for  this  death-rate.  Tropical 
America  has  a  genus  of  especially  venomous  serpents  in  the  pit-vipers. 
Smaller  members  of  the  same  genus  are  found  in  the  temperate  zone 
of  North  America,  Of  these  there  are  two  species,  the  copper-head 
and  crater-moccasin.  The  rattle-snakes,  members  of  the  pit-viper 
family,  are  found  exclusively  in  America,  The  large  family  of  vipers, 
including  the  asps,  are  the  chief  venomous  serpents  of  Kurope, 

All  venomous  serpents  possess  especially  differentiated  poison-fangs, 
which  are  situated  at  the  roof  of  the  mouth.     At  the  base  of  the  fangs 
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are  venom-elaborating  glands  with  sacs  for  containing  a  supply  of  the 
poison.  When  the  animal  strikes,  the  fangs  take  a  position  perpten- 
dicuUr  to  the  edge  of  the  jaw,  tlie  tooth  penetrates  the  tissues  of  the 
\ictim,  and  at  that  moment  the  venom  is  injected  into  the  subcutaneous 
tissue  through  a  small  canal  in  the  poison-fang. 

Sjnnptoms. — The  action  of  the  poison  is  thus  sudden  and  over- 
powering in  proportion  to  the  quantity  of  the  poison  and  its  deadly 
ijualily.  When  a  vein  is  penetrated,  the  effect  is  especially  sudden 
and  violent.  Serpents'  venom  brings  about  a  painful  swelling  at  the 
site  of  injur)',  coagulation  of  blood,  and  consequent  thrombosis  of 
blood-vessels.  The  general  symptoms  are  colia[)se,  more  or  less 
complete,  convuLsive  contractions,  and  vomiting.  Gangrene  or  anes- 
rhcsia  is  occasionally  noted.  Death  usually  occurs  in  the  first 
forly-cight  hours.  If  the  patient  survives  this  period,  he  is  likely 
to  recover. 

The  local  treatmetit  of  poisoning  by  snake-bites,  when  the  injury 
occurs  upon  the  extremities,  consists  in  the  immediate  constriction  of 
the  hmb  and  the  free  incision  of  the  skin  about  the  wound  to  allow  the 
escaping  blood  and  lymph  to  wash  out  the  venom.  This  may  be  aided 
by  sucking  the  wound,  a  procedure  which  is  not  dangerous  unless 
wounds  of  the  mouth  exist.  Injections  of  chemical  antidotes  may  be 
employed  if  tliey  are  at  hand :  but  it  is  useless  to  apply  them  if  evi- 
dences of  sy.stemic  poisoning  indicate  that  the  dissemination  has  already 
begun.  Of  the  chemicals  employed,  potassium  permanganate  in  5  per 
cent,  solution  in  water  is  the  best  as  yet  known.  Two  to  three  drams 
of  the  solution  should  be  used  in  the  tissues  about  the  wound.  Other 
substances  are  in  use  for  injections — especially  sodium  hypochlorite, 
chromic  acid,  and  clilorin  water. 

The  systemic  treatment  by  the  use  of  antiz'enomous  scnim  has  been 
proposed  by  Calmette,  whose  success  in  the  production  of  immunity 
by  injecting  successively  larger  doses  of  poison  into  susceptible  animals 
is  well-known.  He  has  successfully  treated  poisoned  animals  which 
had  not  been  previously  immunized,  by  the  injection  of  the  .scrum  of 
protected  animals.  Hraser  has  dried  the  serum  of  immunized  ani- 
mals, and  finds  its  qualities  unimpaired  by  drj-ing  and  storing.  Prac- 
ticil  applications  of  this  method  in  actual  cases  have  not  as  yet  been 
made  often  enough  to  give  definite  data  as  to  its  value. 

H.  P.  Keatinge'  reports  a  case  of  snake-bite  treated  by  antivenene 
serum.  A  child  was  bitten  on  the  forearm  by  an  Egyptian  cobra;  she 
almost  instantly  became  unconscious.  The  village  barber  made  several 
incisions  on  the  arm  and  forearm.  When  brought  to  the  hospital  she 
was  cold  and  collapsed,  pulseless,  with  rambhng  delirium.  It  was 
found  that  the  forearm  had  been  coated  with  Nile  mud.  which  is  a 
favorite  native  remedy;  three  inches  below  the  bend  of  the  elbow  two 
distinct  holes  were  seen  [lassing  through  the  skin  and  corresponding 
to  the  fangs  of  the  serpent.  It  was  noted  that  the  pupillary  relle.xcs 
were  absent;  the  pupils  were  moderately  dilated.  The  child  became 
comatose.  320m  (jo  c.c.)  of  antivenene  serum  were  injected  under  the 
ab<]nminal  skin.  In  four  hours  her  condition  was  distinctly  improved. 
ifiolU  (lo  c.c.)  of  the  antivenene  serum  were  again  injected.  She  then 
'  Bril.  Mrd.  Jour.,  Jon.  i.  1897. 
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slept  during  the  night,  and  the  next  morning  was  notably  better.     The 
serum  used  was  Calmette's  antivenene  serum. 

Strychnin,  ammonia,  and  alcohol  are  used  to  overcome  the  depres- 
sion caused  by  the  poison.  The  practice  of  inducing  intoxication  by 
the  use  of  large  quantities  of  whiskey  is  to  be  condemned. 

INSECT-MTES. 

The  bites  and  stings  of  many  insects  are  painful  and  annoying  only 
to  a  degree  corresponding  to  the  traumatism  inflicted.  In  the  case  of 
mosquitoes,  bees,  hornets,  tarantulas,  ordinary  spiders,  etc..  poisons  are 
usually  introduced  into  the  wounds  inflicted,  and  cause  a  dispropor- 
tionate wound-reaction. 

Symptoms. — Within  a  few  minutes,  in  the  case  of  (jersons  sus- 
ceptible to  the  action  of  these  poisons,  swelling  takes  place  about  the 
point  of  injury,  and  hours  may  pass  before  the  edema  disappears. 
Itching  and  pain  accompany  the  redness  and  swelling.  If  loose  tis- 
sues are  attacked — as  about  the  eyelids — the  swelling  may  be  very 
distressing  in  its  consequences. 

It  is  only  when  the  poison  is  thrown  directly  into  the  circulation 
that  serious  symptoms  follow  a  single  bite  or  sting.  Some  individuals 
are  especially  susceptible  to  this  form  of  poisoning,  and  are  rendered 
ili  by  it;  while  others  are  not  troubled  even  by  numerous  bites. 
Managers  of  apiaries  are  said  to  acquire  a  well-marked  immunity  to 
the  poison  of  bees,  so  that  the  wounds  cause  them  annoyance  solely 
on  account  of  the  traumatism  produced. 

The  infliction  of  a  large  number  of  bites  or  stings  may  have  serious 
consequences  owing  to  the  quantity  of  poison  introduced ;  indeed, 
deaths  are  known  to  have  occurred  in  not  a  few  instances  from  this 
cause. 

The  nature  of  the  poisons  which  are  introduced  has  been  but  little 
studied.  It  is  supposed,  however,  that,  like  the  poisons  of  the  venom- 
ous serpents,  they  are  of  the  nature  of  leulcomains. 

The  treatment  of  insect -bites  and  stings  is  by  the  application  of 
coohng  lotion.';  and  the  local  use  of  various  drugs  supposed  to  have  a 
more  direct  action  on  the  poison  and  on  its  pathological  consequences. 
Of  these,  ammonia  and  some  of  its  compounds  are  very  frequently  used. 
Ottingcr  recommends  ichthyol,  either  pure  or  mixed  with  an  equal 
quantity  of  lanolin.  Camphor,  camphor-chloral,  and  menthol  are 
recommended. 


Classification. — The  Greek  word  yriYyfiaiva,  from  ypdsetf,  to 
gnaw,  meant  an  ealing  sore,  such  as  phagedena  and  hospital  gangrene, 
but  is  now  a  general  term  for  the  partial  death  of  the  tissues,  espec- 
ially of  the  extremities.  I'fdxsiu^,  from  aifii^ttn,  signified  the  process 
ending  in  the  death  of  the  tissue,  hence  "  sphacelation  "  is  equivalent  to 
"mortification."  "Sloughing"  is  the  process  of  separation  and  ca.st- 
ing  off  the  dead  tissue  from  the  living,  as  a  serpL'nt  sheds  its  epidermis. 

The  immediate  cause  of  the  death  of  a  part  is  the  failure,  whether 
partial  or  coijiplete.  of  the  circulation  through  the  part.  The  com- 
plete arrest  of  the  circulation  through  the  skin,  bone,  or  connective 
tissue  for  twelve  hours  certainly  causes  death,  and  a  much  shorter 
period  is  sufficient  for  softer  parts. 

It  is  impossible  to  distinguish  sharply  the  different  forms  of  gan- 
grene, since  there  is  so  mucli  interaction  of  the  various  causes.  The 
division  into  dry  and  moist  gangrene  is  largely  accidental.  Traumatic 
gangrene  cannot  be  separated  from  the  idiopathic  form  due  to  disease 
in  those  cases  where  the  traumatism  consists  in  inoculating  septic 
or^nisms,  or  where  a  small  cut  on  the  toe  is  the  exciting  cause  of 
gangrene  owing  to  the  diseased  condition  of  the  patient's  vessels. 

The  (crtn  Raynaud's  Jiitase  is  oflen  useil  M>  as  lo  include  various  VXaAf,  of  gangrene. 
R*)naud  emphasiied  iyramelry  and  paroxvEinn  in  cawi  where  arlcria]  obslruclioii  ii  abscnl. 
bul  the  leim  Raynaud's  gangrene  is  sometimes  applie<i  lo  any  case  of  SYmmerrica]  gan- 
gTciM,  although  the  symmelrv  may  resuU  ftum  licart  failurr.  ihrombosis,  or  symmetrical 
ftrtetiail  diiea».  Paroxv^mal  ^ymploms  fr^uemly  u^her  in  gangTene  due  to  arterial  <liH:a%. 
Even  amoQgsl  the  cases  tu  which  the  nnine  of  Raynaud  is  more  properly  attached,  there  is 
one  Ml  in  which  anemia  and  cardiac  weaknei*  are  also  preseiil.  and  another  cla^s  chatac- 
tcrijed  bv  thickened  tortuous  arteries  with  high  pulse  tension  in  comparatively  youi^ 
puimu.     Such  ca.^e^  inay  be  asynimetrieal.  cnnlined  in  one  limb,  and  show  no  paroxysms. 

The  term  '■  i/B«/ij»nMij  "  as  appbed  to  caaes  of  gangrene  becomes  more  and  more 
onioitible  an  the  patholo^  of  gangrene  is  better  known. 

The  predominating  factor  in  gangrene  is  the  partial  or  complete 
failure  of  the  blood-flow,  and  therefore  in  this  article  the  subject  of 
gangrtne  is  considered  according  to  the  most  prominent  and  imme- 
diate cause  of  the  circulatory  failure — viz..  {i )  the  impairment  of  the 
general  circulation,  (2)  obstruction  of  the  main  arteries  and  veins, 
(3)  obstruction  of  the  smaller  arteries,  (4)  spasm  of  the  arterioles, 
(5)  obstruction  of  the  capillaries  and  venules. 

There  arc  two  practical  considerations  which  control  the  description 
of  gangrene  here  given  ,  first,  the  prevention  of  the  various  forms  of 
Eangrcne,  and  second,  the  opportune  removal  of  the  dead  part,  so  as 
to  bring  about  healing  and  save  life. 

Mortification. — When  a  part  dies  as  a  whole  and  at  once,  the 
dimd  piirt  imdcrgoes  the  same  changes  as  does  the  body  after  death. 
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The  skin  becomes  absolutely  cold,  while,  and  sometimes  marbled  by 
the  stagnant  blood  in  the  supLTficial  vt;ins.  Rigor  mortis  quickly  sets 
in,  and  passes  olT  with  the  onset  of  putrefaction.  On  cutting  into  the 
part,  the  only  blood  which  escapes  comes  from  the  veins;  the  prox- 
imal ends  of  the  cut  arteries  are  quite  empty,  and  muscle-serum  oozes 
from  the  rigid  muscles.  Swarms  of  bacteria  soon  appear,  the  subse- 
quent putrefactive  changes  being  dependent  upon  the  amount  of  heat 
and  moisture  present.  When  the  limb  is  affected  above  the  wrist  or 
ankle,  and  venous  stagnation  has  preceded  the  absolute  arrest  of  the 
circulation,  the  limb  undergoes  "moist  gangrene" — /.  c,  those  putre- 
factive changes  which  take  place  in  a  moist  and  warm  atmosphere. 
The  hemoglobin  diffuses  out  and  stains  the  deeper  part  of  the  skin  a 
dusky  brown  which  becomes  more  and  more  green.  A  distinctly  foul 
odor  is  perceived.  The  epidermis  is  easily  detached,  showing  a  green 
dermis  beneath.  Then  patches  of  green  skin  separate  and  come  away 
with  the  least  touch,  exposing  the  muscles  which  are  seen  to  be  falling 
apart  and  liquefying.  On  the  contrary,  when  the  arterial  circulation 
has  been  arrested  without  impeding  the  venous  return,  the  pail  is  com- 
paratively free  from  moisture,  and  in  a  dry  atmosphere  undergoes  "dry 
gangrene/'  This  is  especially  seen  in  the  hands,  feet,  tips  of  the  ears 
and  nose.  The  tissues  shrivel  up  and  become  hard,  like  a  well-pre- 
sented mummy,  in  which  the  structure  of  all  the  harder  tissues  remains 
unaltered.  The  cold,  dead-white  or  marbled  limb  begins  to  shrink ; 
the  skin  becomes  hard  and  horn-like,  and  rings  when  struck.  The 
color  changes  to  a  dark  olive-brown,  then  becomes  blackish.  There 
is  little  more  than  a  musty  odor.  When  the  muscles  are  cut  into, 
some  may  be  found  .still  containing  moisture  and  of  a  uniform  red; 
later  on,  these  hkewise  shrive!  up,  leaving  horny,  brownish-black 
material.  The  action  of  putrefactive  organisms  is  prevented  by  the 
lack  of  moisture. 

Sloughing  is  the  separation  of  the  dead  part  from  the  living.  In 
this  condition  a  line  of  demarcation  gradually  appears  at  the  margin 
of  the  living  skin  where  it  borders  on  the  dead.  At  first,  this  line  is 
ill  defined — in  dry  gangrene  on  account  of  the  feeble  circulation  in  the 
living,  and  the  slight  amount  of  putrefaction  in  the  dead,  tissue ;  in 
moist  gangrene  because  the  line  is  irregular,  not  forming  a  circle 
round  the  limb,  but  varying  according  to  whether  cutaneous  arteries 
are  obstructed  or  patent. 

In  the  dead  part  there  is  an  absence  of  sensation  ;  in  the  living  there 
is  hyperesthesia,  increasing  to  pain  in  the  region  of  the  line  of  sepa- 
ration. A  dead  part  shows  no  capillary  circulation  and  is  absolutely 
cold;  in  the  living  there  is  at  least  some  circulation,  so  that  the  skin 
becomes  paler  on  pressure  with  the  finger  and  recovers  some  color  on 
releasing  the  pressure.  When  a  part  is  swollen  and  pits  on  pressure, 
if  the  pitting  remains  after  relaxing  the  pressure,  the  circulation  is  in- 
sufficient and  gangrene  is  threatened ;  if  the  pitting  disappears  on 
taking  off  the  finger-pressure,  a  blood-supply  enough  to  maintain  the 
life  of  the  tissues  is  indicated.  The  dead  part  remains  cold  ;  the  living 
increases  in  warmth,  especially  in  the  region  of  the  line  of  demarcation, 
until  a  zone  of  inflantmatory  redness  becomes  apparent.  When  gan- 
grene supervenes  on  acute  inflammation,  the  redness  of  the  dying  and 
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dead  tissue  grows  more  dusky  and  does  not  alter  on  pressure,  the 
color  becomes  bluish,  then  greenish,  and  a  fetid  odor  is  apparent.  The 
slill  living  tissue  remains  brightly  red,  the  redness  diminishing  on  press- 
ure, but  returning  immediately  the  pressure  is  taken  off!  The  bright 
inflammatory  zone  in  the  living  part  fades  away  into  the  healthy  skin 
above.  At  the  lower  margin  of  the  living  tissue,  a  line  of  pu.stules  forms 
beneath  a  layer  of  whitish  epidermis.  On  raising  the  epidermis  and 
washing  away  the  pus,  a  gutter-like  ulcer  is  seen,  wJiich  extends 
through  the  skin.  The  ulcer  encircles  the  limb  and  becomes  grad- 
ually deeper,  forming  "the  line  of  demarcation." 

In  dry  gangrene  the  muscles  are  usually  better  supplied  with  blood 
llian  the  skin,  and  the  bone  better  than  either,  so  that  the  typical  result 
in  dr^-  gangrene  after  spontaneous  separation  is  a  conical  stump  with 
the  bone   projecting   beyond  the  soft  parts. 

In  moist  gangrene  muscles  may  slough  beneath  intact  skin,  and 
the  sliaft  of  a  bone  may  undergo  necrosis  up  to  the  joint  above.  Be- 
neath the  skin,  vascularity  is  the  indicator  of  the  living  tissue.  The 
living  bleeds  when  cut  into;  the  dead  does  not,  owing  to  septic  throm- 
bosis. The  living  muscle  and  bone  increase  in  vascularity  owing  to 
inflammation  and  ulceration  excited  by  contact  with  the  dead.  Dead 
muscle  breaks  down  into  thin,  foul,  greenish  pus,  the  connective- tissue 
sheaths,  fascia,  and  tendon  form  yellowish  or  grayish-white  tough 
sloughs,  the  bone  becomes  white  or  grecnish-whiCc  and  rings  when 
struck. 

The  Effect  of  the  Dying  and  the  Dead  Tissues  on  the  Body  gener- 
ally.— Putrefaction  is  a  process  of  oxidation  ending  in  the  formation 
of  carbonic  add,  water,  and  free  nitrogen.  Hut  abundance  of  oxygen 
is  required  to  carry  out  this  process  rapidly.  Wherever  the  oxygen 
from  the  atmosphere  cannot  freely  reach,  the  oxidation  is  relatively 
slower  and  the  number  and  persistence  of  intermediary  products  rela- 
tivelv  greater.  These  act  locally  on  the  living  tissues  and  set  up  sup- 
puration in  them,  from  which  septic  products  enter  the  circulation. 
I'roteids  form  poisons  containing  nitrogen,  carbon,  and  hydrogen, 
allied  to  the  poisonous  alkaloids  found  in  plants  and  to  the  precursors 
of  urea  and  uric  add.  The  sulphur  forms  sulphuretted  hydrogen. 
Non- nitrogenous  carbohydrates  and  fats  produce  irritating  acids,  lactic 
add.  and  other  fatty  acids,  also  poisonous  gases,  such  as  marsh  gas.  In 
the  presence  of  abundance  of  oxygen,  such  substances  are  rendered 
lurmlcss  by  oxidation.  Putrefaction  is  partly  or  wholly  .'itopped  by 
desiccation,  the  albumins  drying   up  into  a   homy  sub.stance. 

The  body  is  directly  affected  by  the  actual  loss  of  the  dead  part 
when  a  limb  is  suddenly  crushed  or  the  main  artery  obstructed  by  an 
embolus;  shock  is  then  produced  just  as  if  the  limb  had  been  ampu- 
tated. 

Absorption  of  the  poisonous  products  from  the  dead  part  ceases 
when  the  circulation  is  arrested,  and  so  this  is  only  of  importance  in 
partial  and  spreading  gangrene.  In  dry  gangrene  there  is  very  little 
absorption,  even  although  the  circulation  has  not  quite  stopped,  because 
the  return  circulation  is  so  very  small.  The  drier,  therefore,  the  dead 
tiuues  and  the  more  freely  they  are  exposed  to  the  atmosphere,  the  less 
ia  the  irritation  of  the  living  tissues.     The  more  moist  the  gangrene 
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and  the  less  the  oxygen  penetrates  to  .the  decomposing  tissues,  the 
more  dangerous  is  the  poisonous  influence  upon  the  hving.  The  local 
reaction  of  the  hving  tissues  is  then  marked  by  profuse  ulceration  and 
suppuration,  and  septic  absorption  is  indicated  by  the  general  con- 
dition of  the  patient. 

Partial  and  spreading  gangrene  causes  much  more  absorption  of 
septic  matter  relalivt;  to  the  extent  of  the  gangrene.  In  partial  gan- 
grene the  return  circulation  brings  back  substances  from  the  dying 
tissue,  and  when  there  are  scattered  patches  of  gangrene  the  area  of 
contact  with  the  living  tissues  is  much  greater.  In  spreading  gangrene 
previously  healthy  tissue  is  being  continuously  invaded,  and  fresh  ab- 
sorption is  originated  at  each  stage.  Moreover,  the  removal  of  the 
dead  part  is  apt  to  be  delayed  or  to  be  incomplete,  owing  to  the  uncer- 
tainty a.s  to  the  line  of  demarcation. 

Ischemic  Degeneration. — VVhcJiever  the  blood-supply  becomes  in- 
sufficient, the  cells  of  the  skin  and  muscle,  as  well  as  the  blood-cor- 
puscles, exhibit  signs  of  degeneration.  The  change  commences  in  the 
nucleus :  tlie  chromatin  filaments  break  up  into  lumps,  granules,  or 
refracting  bodies,  and  no  longer  stain  with  nuclear  dyes.  The  nucleus 
is  dissolved  in  the  protoplasm,  which  then  liquefies,  so  that  the  whole 
cell  is  broken  down  and  disappears.  The  stria;  fade  from  muscle-fibers, 
leaving  a  homogeneous  scnii-fluid  substance,  which  ruptures  the  hyalin 
sheath.  The  hemoglobin  of  the  red  corpuscles  is  first  reduced,  then 
rendered  iron-free,  and  so  comes  to  resemble  the  bile-pigments. 

An  insufficient  blood-supply  may  cause  a  limb  to  become  weak  or 
completely  paralyzed  and  atrophied.  If  the  failure  of  the  blood-supply 
slops  short  of  cau.sing  gangrene,  ischemic  rigidity  and  paralysis  are 
followed  by  an  interstitial  myositis  and  permanent  contracture.  A 
limb,  after  becoming  insensitive  and  cold,  may  commence  to  shed 
its  epidermis,  and  yet  stop  short  of  gangrene.  If  the  heart's  force  is 
increased  or  the  collateral  circulation  is  established,  warmth  and 
sensation  return,  and  there  is  simply  desquamation. 

L  GANGRENE  FROM  IMPAIRMENT  OF  THE  GENERAL  CIRCULATION. 

Fatty  degeneration  with  exhaustion  of  the  heart-muscle  is  a  great 
predisposing  cause  of  gangrene,  yet.  as  long  as  the  circulation  is  equally 
distributed,  no  gangrene  need  actually  start.  When,  however,  an 
artery  is  blocked  by  embolism  or  thrombosis,  the  collateral  circulation 
is  insufficient  to  maintain  the  life  of  the  tissues.  Embolism  is  the 
result  of  endocarditis  ;  if  it  is  acute,  the  emboli  are  septic,  and  the 
danger  of  moist  gangrene  the  more  likely.  Chronic  endocarditis  gives 
rise  to  embolism  either  by  the  formation  of  fibrin  or  by  the  detachment 
of  a  vegetation  from  a  valve.  A  slow  and  feeble  circulation  consequent 
on  cardiac  weakness  tends  to  produce  thrombi  in  the  heart,  from  which 
emboli  may  be  detached,  and  also  thrombosis  in  the  arteries  of  the 
limbs,  in  which  the  circulation  is  especially  feeble.  A  patent  septum 
of  the  heart,  producing  cyanosis,  predisposes  to  gangrene,  owing  to  the 
imperfect  aeration  of  the  blood.  The  morbus  c;eruleus  is  distinguished 
by  being  general,  including  the  lips,  and  the  color  is  blue  as  com- 
pared  with   the   local    dusky    red,   tending   to   green,   of   gangrene. 
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Cyanosis  from  bronchitis,  emphysema,  etc.,  has  the  same  influence.  A 
diminution  in  blood-pressure  also  predisposes  to  gangrene,  so  that  ex- 
haustion, want  of  food,  and  loss  of  blood  render  the  wounded  lying 
on  the  ground  after  a  battle  liable  to  gangrene,  although  the  tcmi^ra- 
turc  does  not  fall  below  freezing  point.  Acute  diarrhea  and  cholera 
lend  to  cause  gangrene  by  weakening  the  circulation  and  producing 
thrombosis.  The  acute  specific  fevers  and  other  exhausting  diseases 
act  in  a  similar  manner. 

In  children  multiple  gangrenous  patches  may  appear  on  the  skin 
of  the  limbs  and  abdomen  a  few  hours  or  days  before  death.  Nothing 
is  found  post  mortem  except  some  soft  thrombi  in  the  main  vessels 
of  the  limb  affected.  Sometimes  such  cases  have  been  attributed 
to  abnormalities  of  the  blood-vessels  (Solly'),  but  the  apparent  small 
size  of  the  main  arteries  may  well  be  secondary  to  the  previous 
disease. 

The  symmetry  often  met  with  is  vascular  in  origin,  and  is  therefore 
distinct  from  the  symmetry  noted  in  Raynaud's  disease,  which  is  due 
to  the  distribution  of  the  nerves. 

Treatment. — Gangrene  arising  from  a  failure  of  the  general  circu- 
lation can  hardly  be  foreseen,  and  in  most  cases  the  patient  is  too  ill 
to  complain  of  any  premonitory  symptoms.  Careful  watching  and 
examination  of  the  patient  lead  to  the  discover}'  tiiat  the  limbs  are 
becoming  cold  and  lo.sjng  sensation,  or  that  dusky  red.  indurated 
patches  are  appearing  on  the  skin.  The  occurrence  of  gangrene  is 
warded  off"  by  improving  the  force  of  the  heart,  replacing  lost  fluid 
by  sahne  infusions  or  rectal  enemata,  wrapping  up  cold  limbs,  and 
avoiding  pressure  and  all  causes  of  irritation.  Surgical  measures  are 
neces.sarily  dependent  upon  the  condition  of  the  patient,  which  is  often 
beyor.d  hope.  If  amputation  is  done,  it  mu.st  be  at  the  level  at  which 
tlie  main  artery  can  still  lie  felt  patent,  not  below.  Thrombosed  and 
gangrenous  patches  of  skin  should  be  at  once  incised  and  iodoform 
gauze  slipped  beneath.  This  prevents  further  absorption  from  the 
slough,  which  is  later  on  removed. 


n.  GANGRENE  DUE   TO   THE  OBSTRUCTION  OF  A  MAIN  ARTERY 

OR  VEIN. 

If  a  main  arterj'  is  blocked,  and  the  collateral  circulation  is  not 
quickly  established,  gangrene  must  ensue.  The  anatomical  conditions 
may  be  favorable  for  a  collateral  circulation,  or  they  may  be  the  re- 
verse. Anastomosis  is  so  complete  in  the  case  of  the  branches  of  the 
external  carotid  that  the  cut  distal  ends  pulsate.  On  the  other  hand. 
(here  is  no  anastomosis  between  the  branches  of  the  puImonar>'  artery 
or  of  the  superior  mesenteric,  and  hence  gangrene  inevitably  follows 
on  obstruction  of  these  vessels.  The  testis  .sloughs  when  both  sper- 
matic and  deferential  arteries  are  cut  off  There  is  a  sufficient  ana.sto- 
mosis  in  the  limbs  to  maintain  life  after  the  obstruction  of  the  m;un 
arterj'.  provided  always  that  the  smaller  vessels  are  unobstructed. 
Anatomically  the  most  unfavorable  anastomoses  are  those  rendered 
^nccessatj'  when  the  common  femoral  and  the  axillary-  arterj-  are 
'  MfJ.Ckir.  Tram.,  1839,  p.  »Sj  ;  1840,  p.  336. 
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blocked.  When  the  common  femoral  is  obstructed,  the  blood,  in 
order  to  reach  the  foot,  has  to  pass  through  a  double  set  of  capil- 
laries— from  those  of  the  branches  of  the  external  and  internal  iliacs 
into  the  branches  of  the  profunda  femoris,  and  thence  into  the  branches 
of  the  superficial  femoral  and  popliteal — before  it  can  reach  the  leg. 
The  greater  the  anatomical  difficulties  in  the  way  of  developing  the 
collateral  circulation,  the  greater  is  the  need  of  a  good  general  circu- 
lation ;  and,  conversely,  there  is  greater  danger  of  gangrene  when  the 
circulation  is  weak. 

The  chief  obstacle  to  the  development  of  a  collateral  circulation  is 
the  simultaneous  obstruction  of  the  smaller  arteries  and  arterioles. 
This  may  take  place  from  many  small  emboli,  from  thrombosi.i,  or 
from  a  gradual  narrowing  of  the  lumen  owing  to  disease,  and  also  from 
outside  pressure.  The  collateral  circulation  takes  some  little  time  to 
establish  itself;  hence  a  sudden  and  complete  obstruction  to  a  main 
artery  favors  the  immediate  onset  of  gangrene,  whilst  the  slow  devel- 
opment of  an  obstruction  gives  the  collateral  vessels  time  to  dilate. 

Obstruction  to  the  return  of  venous  blood  predisposes  to  gangrene 
wheiiever  there  is  at  the  same  time  septic  thrombosis.  The  common 
femoral  and  the  subclavian  vein  return  most  of  the  venous  blood,  but 
they  may  become  obstructed  without  causing  more  than  venous  con- 
gestion, unless  there  be,  in  addition,  septic  inflammation,  in  which  case 
moi.st  gangrene  will  quickly  set  in. 

A  wound  of  a  large  artery  is  liable  to  be  followed  by  gangrene, 
owing  to  the  general  circulation  being  weakened  by  loss  of  blood. 
Both  wounds  and  ligation  in  continuity  were  formerly  liable  to  be 
followed  by  gangrene,  owing  to  the  septic  inflammation  and  throm- 
bosis which  spread  immediately  from  the  wound  and  obstructed  the 
collateral  circulation,  or  later,  after  loss  of  blood  by  secondary  hemor- 
rhage. As  an  aneurysm  develops  on  an  artery,  it  presents  a  gradually 
increasing  obstruction  to  the  blood-flow;  but  should  the  aneurysm 
become  suddenly  diffuse,  the  collateral  circulation  already  developed 
will  be  thereby  obstructed,  and  so  gangrene  will  be  likely  to  follow  a 
ligation  in  continuity,  although  the  operation  be  completely  aseptic. 

Main  arteries  become  obstructed  by  emboli  detached  from  the  heart, 
or  by  thrombosis  due  to  a  feeble  circulation  or  to  disease  of  the  arte- 
rial wall.  The  disease  of  the  arterial  wall  is  occasionally  acute  arte- 
ritis resembling  acute  endocarditis;  but  it  is  much  more  commonly 
atheroma,  or  arteritis  obllteran.s.  The  main  arteries  are  further  ob- 
structed by  e.xtcrnal  compression,  tumors,  foreign  bodies,  bullets,  and 
unreduced  fractures  and  dislocations,  and  if  at  the  same  time  the  col- 
lateral circulation  be  partly  hindered,  gangrene  is  the  more  likely  to 
follow. 

The  circulation  through  the  main  artery,  as  well  as  the  collateral 
circulation,  is  obstructed  in  utcro  by  bands  formed  in  the  fetal  mem- 
branes. Both  lower  extremities  have  spontaneou.sly  separated  at  the 
hip-joint  (Duer').  In  Maddin's'  case  amputation  at  the  junction  of 
the  upper  and  middle  thirds  of  the  thigh  was  successfully  carried  out 
on  the  third  day  after  birth. 

'  Bril.  Med.  Jour.,  1897,  vol.  li.,  p.  I179. 
'  Nnu  York  Mtd.  Rit..  1889,  vol.  i.,  p.  461. 
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The  elastic  band  has  been  applied  so  as  to  cut  off  the  circulation  in 

a  limb  for  as  long  as  four  hours.  Such  application  is  apt  to  be  fol- 
lowed by  dilatation  of  the  arterioles  from  loss  of  tone  and  by  venous 
congestion,  in  consequence  of  which  sloughing  of  the  skin  has  taken 
place  (Wilkes').  When  the  cla.stic  tourniquet  is  applied  below  the 
elbow  or  knee,  the  wall  of  the  artery  may  be  bruised  and  thrombosis 
set  up.  Gangrene  of  a  finger  or  of  a  thumb  has  been  brought  about 
by  an  ela.stic  band  being  placed  round  the  base  to  stop  bleeding. 

Thrombosis  in  a  large  vein  is  caused  by  compression  and  also  by 
an  mcrcased  coagulability  of  the  blood.  This  latter  is  due  to  septic 
causes,  and  follows  especially  puerperal  and  typhoid  fevers  ;  it  is  prob- 
ably connected  with  an  excessive  destruction  of  leukocytes.  The 
thrombosis  of  a  main  vein  from  such  a  cause  is  frequently  accompanied 
or  followed  by  thrombosis  of  the  corresponding  arter\-. 

Obstmction  of  the  Abdominal  Aorta  and  its  Branches. — 
The  abdominal  aorta  may  be  obstructed  congenitally,  also  by  an  aneu- 
rysm which  has  been  obliterated  by  clot,  by  thrombosis  from  athero- 
matous disease  or  injury,  and  by  embolism.  Obstruction  of  the  ab- 
dominal aorta  may  give  rise  to  no  obvious  symptoms,  unless  there  be 
in  addition  a  simultaneous  obstruction  of  the  ihacs.  When  the  throm- 
bosis extends  into  the  fcmorals,  severe  symptoms  arise,  owing  to  the 
interference  with  the  collateral  circulation  through  the  epigastrics  from 
the  internal  mammary  and  lumbar  arteries.  When  tlie  femoral  is 
blocked  by  a  clot,  especially  if  the  thrombosis  extends  into  the  pop- 
liteal, gangrene  follows. 

The  premonitory  signs  of  gangrene  peculiar  to  obstruction  of  the 
aorta  combined  with  those  of  its  branches  are  symmetrical  intermittent 
lameness  and  symmetrical  paralysis,  and  paraplegia. 

lutcrmillcul  lamrnfs^  from  obstnicUon  of  thf  abdominal  aorta  and  iliac^  has  rrccived 
the  ipicinl  Btlcnticm  nf  Frenth  wriKti.  lis  occurrence  in  l!ie  liotse  was  noted  by  Ifoullny.' 
lluioWrt.'  and  others,  and,  later  in  man.  by  Charcot.'  The  horic  siarl*  out  i>f  the  sluble 
appdrenllf  sound,  hul.  beiii^  pushed  to  a  hard  Irol.  comes  sudilcnly  to  a  !iland>(ill.  The 
uumal  breaks  inio  a  sweat  while  llic  hitid  litnbs  are  rigidly  itnmnliilc,  or  fnlls  lo  the  tjround 
in  gccal  pain  with  the  hind  limbs  rigidly  extended.  The  symptoms  pass  off  oflct  a  shon 
lot  In  fft»pfie»r  on  forced  musciilor  cuetlion. 

Niimeious  dissections  have  shown  that  ijiis  intermillcnl  lameness  is  causw]  ijy  ihmmbosis 
of  the  hind  end  of  [he  abdominal  ooila  and  of  the  iliacs,  due  rrlher  to  a  rupture  of  ihe 
inner  ciats  by  strain,  or  to  arteritis  in  connection  with  overwork.  The  rlK'ilily  i*  ischemic, 
a  ccindition  of  Iem|H)rary  rigor  munis  produced  in  the  muscles  by  culling  itfT  the  ciri:u1atir<n 
I  Bniwn-SA^uard  '  I- 

f'ainful  mietmitfent  lameness  and  paralysis  wen-  due  in  Charcot's  case  lo  a  tmumattc 
aneurysm  csum^I  hy  a  bullet  that  had  obliterated  the  common  diac  artery.  The  symptoms 
ipjicaml  on  walking  and  passed  offon  rest,  Dcatli  occurred  from  bursting  of  the  nncury.'in 
■nlo  the  ioteslinet.  In  Terrillon'i*  case  of  n  hard  drinker  aged  twenty-seven,  Ihe  pain  came 
on  in  the  leg  and  foot  immcilialcly  on  movement.  «  that  he  could  gr:>  only  a  few  steps,  and 
thm  at!  further  motion  IxMame  impossible.  He  had  no  pain  whilst  at  rest.  Tlve^  symp- 
Uuconttniird  for  two  years.  The  limb  became  colder  and  t^nidually  gun);rene  fupervencii  and 
Mended  lo  ibe  middle  of  the  leg.  In  Jean's'  case  a  woman  -lyed  Ihinv  eight  had  for  some 
JfU*  become  paraplegic  on  any  etlra  exertion.      After  rest  she  was  able  to  gel  aluut  again, 

>  iVfl/   7Vm«  and  Ga%titt,  1K80,  vol.  i..  p.  540. 
'  Arihifj;iH.  Jt  MfJ.,  iSjI,  I.  iiviii,,  p.  425. 

*  Rt(.  Jt  MM.  I'ft.,  1SS4.  vol.  ii.,  p.  440.  anil  many  other  CBse«  In  Ulcr  volumes  of  ihii 
ptTwdical.  ■  Cut.  mi>i.  .//  P:i'i>.  1859,  p   381 

*  Letons  lur  In  prinriuales  fonnes  de  Paralysie  des  memlires  infL-rieures.  \v>%.  p.  (>6. 

*  Rrt-Ht  di  Ckir  .  iSW.  v.,1.  vi..  p.  Ki  j. 
'  Bull.  Jr  la  Sot.  Anal,  dt  Faris,  Jme.,  sit.  x.,  1875,  p.  331. 
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but  the  legs  began  lo  disg  afresh  upon  the  least  fatigue,  (iradiully  the  panipl^a  became 
continuous,  and  she  died  of  enteritis.  The  aorta  and  common  iliacs  weie  found  completely 
blocked,  the  anastomosing  vessels  dilated,  the  feniorals  and  poplileals  normal.  Sometimes 
the  onset  of  the  obstruction  is  obscure  \  in  others  it  is  well  marked,  some  improvement  taking 

Silace  aTlerwanl  as  the  collateral  circulation  increues.  In  Gull's'  case  a  man  of  thiny-four 
elt  a  sudden  pain  in  the  loina,  with  desire  to  go  lo  stool.  He  became  completely  parapl^ic 
from  the  loin  downward,  including  the  spbinclers.  After  a  few  days  there  was  a  return  of 
sensation,  and  later  on  he  was  able  to  take  a  few  steps,  but  was  soon  brought  to  a  standstill 
by  increasing  numbness.  He  gradually  recovered  walking  power,  but  (he  muscles  were 
thin  and  languid,  the  feel  cold  and  ilamp.  No  pulsation  could  be  fell  in  the  aorta  or  femo- 
rals.  The  superficial  epigastrics  were  much  dilated  and  the  blood-stream  in  them  down- 
ward.    The  lumbar  and  intercoslals,  likewise,  were  much  dilated  right  up  to  the  axilla. 

A  man  of  forty-two,  described  byOlliver,'  suffered  from  syphilitic  arteritis  and  thrombosis. 
Pain  and  coldness  suddenly  started  in  his  foot  while  at  dinner.  The  great  toe  became  very 
cold  and  swollen,  the  limbs  full.  After  he  had  walked  for  two  or  three  minutes,  he  had  to 
slop  suddenly,  ond  while  resting  he  fell  no  pain.  These  symptoms  abated  in  warm  weather 
and  were  easily  borne.  The  symptoms  were  most  marked  in  the  right  limb,  no  pulsation 
could  be  fell,  and  the  limb  atrophied.  On  the  left  side  they  were  less  severe  and  some  pul- 
sation could  be  fell  in  the  arteries. 

The  obstruction  of  the  aorta  and  its  branches  may  occur  symmetri- 
cally with  great  suddenness  as  a  complication  of  some  e.\hau.sting  ill- 
ness. Latterly  a  number  of  cases  have  been  recorded  following  upon 
influenza  (Gould).  Gangrene  sets  in,  and  the  determining  cause  of  the 
gangrene  may  be  found  in  the  obstruction,  not  only  of  the  aorta  and 
iliacs,  but  also  of  femorals  and  popliteais.  When  the  obstruction  is 
less  extensive,  the  force  of  the  heart  may  be  sufficient  to  develop  the 
collateral  circulation.  When  there  is  thrombosis  in  the  veins  as  well 
as  in  the  arteries,  the  gangrene  is  moist ;  when  only  in  the  latter,  the 
gangrene  may  be  dry  in  the  leg  and  foot. 

Treatment. — When  the  premonitory  symptoms  above  described 
arc  recognized,  or  when  the  limb  is  found  cold,  dead-white,  and  all 
sensation  and  pulsation  are  absent,  the  limb  must  be  wrapped  in  cot- 
ton wool  and  raised  in  order  to  favor  the  venous  circulation.  Rest 
is  required  lest  any  further  clot  may  be  detached  and  pass  into  periph- 
eral vessels.  This  treatment,  along  with  an  improvement  in  the  gen- 
eral circulation,  may  give  time  for  anastomosis.  Gangrene  having  set 
in,  it  is  necessary  to  decide  whether  the  case  is  hopeless,  or  whether 
an  attempt  should  be  made  to  save  life.  If  amputation  seems  advis- 
able, it  should  be  done  withoiit  delay.  If,  as  is  usually  the  case,  the 
gangrene  is  symmetrical,  it  is  all  the  more  important  to  attack  the 
most  advanced  leg  early,  so  as  to  allow  an  interval  of  a  few  days  or  a 
week  to  elapse  before  the  second  leg  is  removed  (Gould ').  On  the 
other  hand,  the  gangrene  may  be  so  far  advanced  that  the  removal  of 
the  two  legs  has  to  be  done  simultaneously.  The  leg  should  be  ampu- 
tated through  the  middle  or  junction  of  the  middle  and  lower  thirds 
of  the  thigh.  As  mentioned  above,  gangrene  is  as  likely  to  set  in 
when  the  femoral  is  obstructed  as  when  the  aorta  and  iliacs  are.  The 
blood  to  supply  the  flaps  has  to  gain  the  profunda  vessels  by  anas- 
tomosis. If  the  .imputation  were  to  be  made  lower,  the  blood  from 
the  branches  of  the  profmida  femori.s  would  have  to  pass  through  a 
second  set  of  arterioles  into  the  branches  of  the  popliteal  and  tibials. 
To  amputate  lower  is  to  court  recurrence  of  gangrene  in  the  stump. 

'  Gin's  l/o'f'iliil  Ri-/'i'rtr,  1857,  3d  series,  vc)l.  iii.,  p|i,  311-314,  wilh  plate. 

'  Observations  pour  servir  a  I'histoire  dc  la  cloudicatii)n  inlermiltente  chet  I'homme. 

'  Brit.  MeJ.  Jeur.,  189I,  vol.  i.,  p.  639. 


C^:VC/f£/>-£  FROM  BLOOD-VASCULAR   OBSTRUCTION. 


217 


Obstruction  to  the  Femoral  Artery  and  Vein. — The  common 
femoral  formerly  proved  a  danfterous  artery  to  ligaturt  in  continuity, 
and  half  the  cases  of  obstruction  terminated  in  gangrene.  But  by 
avoiding  injury  to  the  vein  and  septic  compiications  it  has  been  found 
that  the  common  femoral  artery  can  be  safely  ligated.  A  wound  in 
Scarpa's  triangle  is  likely  to  cause  gangrene  on  account  of  concurrent 
injury  to  the  vein  and  to  septic  complications  in  a  patient  whose  gen- 
eral circulation  has  been  weakened  by  primary  hemorrhage.  Although 
it  has  been  found  possible  to  ligature  successfully  both  the  common 
femoral  artery  and  vein,  yet  this  should  be  avoided  if  possible.  A 
wound  of  the  vein  may  be  blocked  by  clot  after  pressure  has  been 
kept  up  for  a  short  time,  or  a  lateral  ligature  or  suture  may  be  appUed. 
Should  a  tumor  in  the  groin  involve  all  three  branches  of  the  common 
femoral  vein,  it  would  be  advisable  to  proceed  to  amputation  at  once 
rather  than  run  the  almost  inevitably  risk  of  gangrene  following  the 
simple  removal.  If,  however,  only  one  vein  Is  involved,  the  two  others 
are  sufficient  to  return  the  blood,  and  the  internal  saphena  should 
always  be  carefully  preserved,  not  divided,  in  the  early  steps  of  an 
operation. 

Obstruction  to  the  Superficial  Femoral  and  the  Popliteal 
Arteries  and  Veins. — The  superficial  femoral  arten,'  and  vein  can 
be  ti(.'d  simultaneously  in  Hunter's  canal  without  danger  to  the  limb, 
and  the  same  thing  has  been  done  with  tlie  popliteal  artery  and  vein 
(Teale').  The  success  of  such  opcration.s  implies  patency  of  the  anas- 
tomosing vessels.  But  gangrene  is  still  of  frequent  occurrence  as  a 
complication  of  ruptured  popliteal  aneurysm,  and  a  number  of  cases 
have  recently  been  recorded.  As  a  pophteal  aneurysm  develops  an 
obstruction  to  the  blood-flow  in  the  main  artery,  the  anastomotic  cir- 
culation through  the  articular  arteries  increases.  When,  however,  the 
aneurysm  grows  still  larger,  and  especially  when  it  ruptures,  it  com- 
presses the  articular  arteries  and  hinders  the  anastomotic  circulation 
already  established.  If  at  this  stage  the  superficial  femoral  artery  is 
ligated,  the  onset  of  the  gangrene  is  precipitated. 

Symptoms. — The  threatening  signs  of  oncoming  gangrene  are  as 
follows:  The  limb  on  exertion  aches,  the  calf  muscles  become  rigid 
and  lose  power,  symptoms  of  intermittent  lameness  appear,  which  pass 
off  with  rest.  The  limb  may  become  paralyzed,  cold,  and  useless; 
later  on  the  muscles  atrophy.  An  interstitial  myositis  is  started,  caus- 
ing degeneration  of  muscle-fibers  and  contracture  of  inflammatory 
tis.sue  (Spencer*).  Following  u)}on  ligation  of  the  femoral  in  conti- 
nuity, the  leg  may  remain  for  days  dead  white,  or  marbled  by  veins, 
cold  and  in.sensitive ;  the  epidermis  begins  to  separate.  Then  a  change 
comes,  either  in  the  direction  of  dry  gangrene,  or  toward  recovery  of 
warmth  and  sensation  with  a  development  of  the  pink  circulation 
beneath  the  toe-nails.  In  the  former  case  the  circulation  may  return, 
but  too  late;  the  anterior  part  of  the  foot  and  the  toes  become  flushed 
with  bloiid.  but.  the  capillaries  having  already  degenerated,  the  blood 
is  cxtravasated  in  and  beneath  the  skin. 

Treatment. — Such  cases  of  gangrene  arc  to  be  avoided  by  eariy 

■  Lamtt,  1K87.  vol.  i..  p.  II.      Ncvboll.  IbiJ.,  1S9S.  vol.  ■.,  p.  III6. 
'  Wttlmimtrr  Uetpmit  Rrftns,  1891,  »ol.  »ii.,  p.  16. 
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treatment  of  the  popliteal  aneurysm,  and  by  selecting  the  direct  oper- 
ation whenever  rupture  has  occurred.  Through  a  posterior  median 
incision  all  the  blood-clot  should  be  turned  out ;  the  articular  arteries 
are  relieved  from  compression,  and  need  not  be  further  injured.  In 
t>'ing  the  popliteal  artery  above  and  below  the  aneurysm,  it  may  be 
possible  to  spare  the  vein. 

When,  however,  gangrene  has  set  in.  and  has  spread  beyond  the 
toes,  amputation  should  be  done  through  the  knee-joint.  The  artic- 
ular arteries  will  receive  enough  blood  from  the  profunda  branches  to 
supply  the  flaps,  but  the  blood-pressure  in  them  would  not  be  suf- 
ficient to  produce  a  passage  into  the  branches  of  the  tibials.  To  wait 
and  then  amputate  lower  down  is  to  render  probable  gangrene  of  the 
flaps,  necessitating  another  amputation,  which  even  a  previously  strong 
patient  may  not  sustain.  There  is  no  need  to  amputate  higher  than 
the  knee  unless  the  amputation  has  been  delayed  until  septic  changes 
have  taken  place  and  caused  thrombosis  of  the  articular  arteries.  To 
wait  for  a  line  of  demarcation  and  spontaneous  separation,  when  the 
gangrene  has  extended  beyond  the  toes,  is  to  expose  the  patient  to 
much  suffering,  exhaustion,  and  septic  complication.^,  to  .say  nothing 
of  the  delay.  Even  should  he  escape  these,  he  will  be  left  with  a  hmb 
practically  useless  below  the  knee,  always  exposed  to  ulceration  from 
cold  or  slight  injury. 

Obstruction  to  the  Axillary  and  Brachial  Arteries  and 
Veins. — The  axillary  or  brachial  arterj'  is  liable  to  be  obstructed  by 
an  embolus  detached  from  the  heart,  Che  embolus  commonly  blocking 
the  artery  immediately  below  the  axilla.  Sudden  thrombosis  may 
occur  as  in  Dujardin-Hcaumctz's '  case.  An  anemic  boy  of  eighteen 
suffered  from  obstruction  of  the  brachial  below  the  axilla,  no  pulsation 
could  be  felt  beyond  this  point,  and  the  forearm  and  hand  became 
gangrenous.  Amputation  through  the  middle  of  the  humerus  is 
necessary  under  such  conditions,  the  flaps  having  to  depend  upon  the 
branches  of  the  subclavian  and  upper  axillary  arteries. 

The  veins  of  the  arm  are  superficial.  A  tight  bandage,  in  particular 
a  plaster  bandage,  applied  directly  over  a  fracture  and  not  removed, 
has  caused  venous  congestion  of  the  hand,  then  ischemic  rigidity, 
paralysis,  and  even  gangrene  (Volkmann,''  Leser*). 


m.  GANGRENE  FROM  OBSTRUCTION  OF  THE  SMALLER  ARTERTES. 

Arteriosclerotic,  Senile,  Diabetic,  and  Albiuninuric  Gan- 
grene.— Atheromatous  and  calcareous  thickening  of  the  intima  in  the 
smaller  arteries  is  es.sentially  a  .senile  change,  and  is  an  especial  cause 
of  gangrene  when  it  affects  the  tibial  arteries.  Not  only  docs  the 
lumen  of  the  artery  become  exceedingly  small,  but  it  may  at  any  time 
be  obliterated  by  a  thrombus.  This  senile  change  appears  early  and 
advances  to  a  more  extreme  degree  in  those  who  have  been  affected 
by  syphilis,  who  have  taken  alcohol  to  excess,  who  have  suffered  from 
overwork,  hardships,  or  exposure.     As  concomitant  results,  there  may 

'  Bull.  (I  Mem.  dt  la  Sac.  Mid.  dfi  Ubp.  di  Paris,  1875,  t.  xi..  pp.  ZI3,  219. 

•  Centralhtall  fur  Chirurgie,  1881,  p.  80I. 

'  Volkmann's  AV/wiJcAr  i'umnj/B«f,  No.  849  !   Chintrgic^  No.  77. 
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be  found  in  the  same  patient  cardiac  hypertrophy  and  high  pulse  tension 
tending  to  apoplexy,  chronic  nephritis  causing  albuminuria,  diabetes, 

[©besity.  and  gout.     The  radial  and  temporal  arteries  will  be  hard  and 
srtuous.    One,  several,  or  all  of  these  conditions  may  coexist,  to  which 

'gangrene  supervenes  as  a  late  complication.     The  determining  factor  is 
the  extent  of  tlie  narrowing  and  thrombosis  of  the  tibial  arteries.     The 

I  gangrene  nearly  always  appears  in  the  lower  limb.  It  occurs.  Pott 
aid,  in  twenty  men  to  one  woman. 
Symptoms. — The  premonitory  symptoms  are  important,  for  by  rec- 
ognizing them  we  may  be  able  to  ward  off  the  gangrene.  Attention  is 
first  drawn  to  the  limb  by  cramping  pains,  numbness  and  cold,  alterna- 
ting with  heat  and  tingling,  formications,  a  sense  of  weight  or  of  fulness, 
a  diminution  of  sensation,  so  that  a  thick  sock  seems  to  be  interposed 
between  the  bare  foot  and  the  floor.  The  patient  may  complain  that  at 
night  sleep  is  disturbed  by  cramp  followed  by  cold  sweats.  Symptoms 
similar  to  Raynaud's  disease  may  arise,  the  toes  may  become  dead  and 
cold  in  the  morning  when  getting  up,  or  after  meals.  In  other  cases,  the 
complaint  is  that  intermittent  lameness,  obscure  pains,  rigiditj-,  and  pare- 
sis come  on  while  walking,  and  pass  off  on  rest.  On  examination  the 
foot  will  be  found  cold,  pale,  and  shrivelled.  Pulsation  cannot  be  felt  in 
the  dorsalis  pedis  and  posterior  tibial  arteries.  There  is  impaired  sen- 
sation, the  upper  limit  of  which  forms  more  or  less  of  a  circle  round 
the  limb  and  does  not  lie  in  any  particular  nerv'e-area.  The  diagnosis 
of  arteriosclerosis  is  confirmed  by  finding  tortuous,  hard  temporal  and 
radi.il  arteries  with  a  high  pulse  tension.  The  gangrene  generally 
shows  first  in  the  big  toe,  on  the  dorsum,  or  to  one  side  of  the 
nail.  The  skin  becomes  a  bluish  red  which  does  not  disappear  on 
pressure.  A  dusky  scurf  or  a  brown  horny  scale  is  seen,  or  a  black 
spot  of  skin,  beneath  which  is  a  dusky  ulcer.  A  blister  may  arise  con- 
taining reddish  scrum,  and  when  the  covering  epidermis  is  raised,  dusky 
red  papilla  are  exposed.  Some  slight  mechanical  violence  may  be  the 
exciting  cause ;  the  black  spot  begins  where  the  boot  has  pres.sed  on 
the  toe,  or  at  the  site  of  a  corn  where  a  little  cut  has  been  made  in  re- 
moving it.  A  slight  squeeze,  from  the  toe  being  stepped  on.  or  a  naJI 
projecting  up  from  the  sole  of  the  boot,  may  start  the  gangrene.  The 
scab  may  separate  and  the  gangrenous  ulcer  heal,  only  to  break  down 
again.  The  ulcer  may  extend  to  the  bone,  causing  a  perforating  ulcer, 
at  the  bottom  of  which  insidious  necrosis  goes  on.  Extension  to  the 
rest  of  the  toe  and  foot  is  marked  by  edema,  the  pitting  of  the  skin 
not  disappearing  quickly  when  the  pressure  of  the  finger  is  relaxed; 
the  skin  of  the  dorsum  of  the  foot  becomdb  dusky  red,  and  does  not 
alter  on  pressure,  but  grows  darker.  The  gangrene  is  usually  dry  ;  a 
line  of  demarcation  forms  round  the  toe,  or  at  some  point  acro.ss  the 
sot,  or  around  the  ankle.  In  a  stout  alcoholic  patient,  when  once 
arted,  gangrene  may  rapidly  spread  and  become  moist. 
Treatment. — The  gangrene  is  prevented  by  exerci.se.  ma.ssage,  and 
baths  which  favor  the  circulation  in  the  limb  and  hinder  the  advance 
of  arteriosclerosis.  The  feet  must  be  kept  clean  by  bathing  in  warm 
water  and  drj-ing,  lest  eczema  be  caused  by  dirt  and  sweat.  Nails  and 
coma  have  to  be  pared  carefully,  so  that  no  lesion  of  the  skin,  occurs. 
Woollen  socks  reaching  up  to  the  knee  are  to  be  worn  both  by  day 
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and  night.  Tlie  feet  must  be  kept  warm  by  exercise,  never  heated  at 
the  fire,  for.  sensation  being  diminished,  dangerous  congestion,  scorch- 
ing, or  burning  may  take  place  unperceived  by  the  patient.  Large 
wcli-fitting  shoes  are  to  be  worn  to  avoid  pressure,  corns,  and  blisters. 
The  patient's  general  health  should  be  improved  by  the  active  treat- 
ment of  syphilis,  gout,  diabetes,  or  albuminuria. 

The  circulation  generally,  including  that  of  the  extremities,  will 
probably  be  benefited  by  coffee.  Opium  acts  likewise  by  dilating  the 
capillaries;  it  also  relieves  pain  and  tends  to  diminish  the  amount  of 
sugar  when  diabetes  is  present.  Small  doses  of  opium  are  quite  well 
taken  although  there  be  albuminuria.  When  the  patient  has  taken 
much  alcohol,  the  amount  should  be  reduced  to  a  minimum,  and 
whenever  pos.sible  stopped  altogether;  its  place  is  much  better  filled 
by  quinin.  When  a  black  patch  appears  it  should  be  dusted  with 
iodoform  and  kept  quite  diy.  The  leg  and  fool  are  to  be  wrapped 
up  in  cotton  wool,  and  the  patient  must  sit  in  a  chair  during  the  day 
with  the  foot  raised.  The  foot  should  not  be  cut  nor  poulticed,  nor 
soaked  in  hot  water,  nor  warmed  by  the  fire,  nor  by  contact  with  a 
hot-water  bottle.  These  methods  all  provoke  the  spread  of  the  gan- 
grene. The  local  conditions  may  favor  healing;  the  black  scab  may 
separate  and  the  ulcer  heal ;  a  line  of  demarcation  may  form,  and 
the  toe  slowly  separate.  This  occurs  when  the  patient's  health 
improves,  when  he  is  free  from  pain  and  fever,  eats  and  sleep.s  well, 
and  the  sugar  and  albumin  in  the  urine  are  reduced.  On  the  other 
hand,  the  gangrene  may  gradually  spread,  the  patient's  health  get 
worse,  and  some  fatal  complication  occur,  such  as  cerebral  apoplexy, 
uremic  or  diabetic  coma,  or  bronchopneumonia. 

When  the  gangrene  ha.s  spread  to  the  foot  and  the  patient  is  suffer- 
ing from  septic  absorption,  the  removal  of  the  gangrene  becomes 
urgent.  Even  if  there  is  not  much  absorption,  owing  to  the  dryness 
of  the  gangrene,  yet  the  slowness  of  the  separation  and  the  pointed 
stump  left  will  slowly  undermine  an  old  patient  who  is  prevented  during 
all  this  time  from  taking  open-air  exercise.  Until  recently  removal 
of  the  gangrene  was  usually  followed  by  further  sloughing  of  the  flap 
and  necrosis  of  bone.  This  recurrence  of  the  gangrene  is  independent 
of  the  aseptic  character  of  the  amputation,  and  is  simply  due  to  the 
narrowed  and  thrombo.sed  tibial  arteries  and  their  branches.  Amputa- 
tion through  the  foot,  ankle,  or  log  has  been  followed  in  a  great  num- 
ber of  cases  by  gangrene  of  the  stump.  A  second,  and  even  a  third, 
amputation  has  had  to  be  done,  but  there  are  verj'  few  of  the  patients 
who  can  survive  gangrene  of  the  flaps  and  reamputation.  It  was  first 
proposed  by  Hutchinson '  that  these  cases  should  be  amputated  through 
the  lower  third  of  the  thigh,  where  the  main  artery  and  its  branches 
are  tolerably  free  from  calcareous  degeneration.  Experience  has  amply 
proved  that  this  is  the  one  method  of  ensuring  success;  the  rule  must 
be  "  high  amputation,"  or  none  at  all.  It  has  been  objected  to  the 
high  amputation  that  it  causes  more  shock  than  the  low  amputation. 
As  a  matter  of  fact,  the  difference  is  not  perceptible  after  an  amputation 
by  present  methods,  and  the  primary-  union  which  follows  renders  the 
high  amputation  the  safer.     It  has  been  further  objected  that  there  is 

'  Med.Chlr.  Trans.,  1884.  vol.  Iivii.,  p,  97, 
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an  unnecessary  sacrifice  of  limb,  to  which  the  reply  may  be  made  tha 
the  patients  are  usually  past  active  work  and  can  get  about  quite  welP 
enough  with  the  shorter  stump.     The  primary  union  which  takes  place 
in  the  thigh  allows  of  an  artificial  hmb  being  readily  adjusted  ans  ' 
easily  worn. 

It  is  hardly  necessary  to  distinguish  sharply  the  various  cases  ac 
cording  to  their  complications — senile  gangrene,  diabetic  gangrene,  etc.^ 
Old  ago.  heart  disease,  bronchitis,  obesity,  gout,  diabetes,  and  albumi- 
nuria, all  increase  the  gravity  of  the  case,  but  do  not  constitute  an 
absolute  bar  to  the  operation.     When  there  are  both  sugar  and  albumin 
in  the  urine  to  a  considerable  amount,  the  chances  of  prolonging  life 
arc.  of  course,  unfavorable;  but  when  there  is  only  one  of  the  two 
present,  or  one  with  mere  traces  of  the  other,  amputation  may  well  be 
successful  (Kiister-Heidenhain,'  Spencer,*  Godlee^).     The  high  ampu-j 
tation  must  always  be  done  so  as  to  obtain  primary  union,  there  shouk 
be  no  loss  of  blood  beyond  that  in  the  limb  at  the  time,  and  aniisep-' 
tics  like  carbolic  acid  or  perchlorid  of  mercury  should  not  be  used 
except  for  the  skin,  lest  absorption  lake  place.     Experience  has  shown 
that  along  with  the  healing  of  the  stump  the  albumin  or  sugar,  or  both, 
have  fallen  to  a  small  amount.     In  many  cases  of  chronic  albuminuriaH 
or  diabetes  life  has  been  much  prolonged  by  this  amputation.     The 
bad  results  formerly  obtained  when  the  urine  contained  albumin  or 
sugar  were  due  either  to  the  operation  being  septic  or  to  the  insufficient 
blood-supply  in  the  stump.      Btforc  performing  the  high   amputation 
the  sui^eon  can  convince  himself  of  the  correctness  of  the  diagnosis^ 
and  treatment  by  cutting  across  the  tibial  arteries,  when  they  will  be" 
found  scarcely  to  bleed  at  all.     It  need  hardly  be  added  that  amputa- 
tion through  the  knee-joint  is  less  suitable;  owing  to  the  long  thin 
flaps  supplied  by  the  popliteal  articular  arteries,  which  may  be  partially 
sclerosed,  the  amputation-flaps  should  depend  upon  the  branches  oriTJ 
the  femoral  for  their  blood-supply. 

Gangrene  due  to  Arteritis  Obliterans. — -Arteritis  or  endarteri- 
tis obliterans  is  the  name  given  to  a  fibrous  thickening  of  the  internal,^ 
and  to  a  less  extent  of  the  middle,  coat  of  the  smaller  arteries.  If  it 
progresses  far  enough,  the  lumen  of  the  vessel  may  be  practicallyj 
obliterated,  and  the  larger  arteries  on  the  proximal  side  undergo  throm-J 
bosis;  and  hence,  if  the  disease  attacks  the  vessels  of  the  limbs,  gan-j 
grcnc  may  follow. 

Obliterativc  arteritis  is  best  known  from  its  occurrence  in  the  syl-l 
vian,  vertebral,  coronarj'.  and  pulmonary  arteries,  the  increase  of  fibrous" 
tissue  being  generally  concentric,  less  often  eccentric,  causing  the 
appearance  of  a  nodule  on  one  side  of  the  artery.  The  affection  of 
these  arteries  is  without  doubt  due  in  many  cases  to  syphilis,  but  there 
docs  not  seem  to  l>e  any  special  microscopic  lesion  distinctive  of  syph- 
ilis. If  one  can  conclude  from  the  failure  of  antisyphilitic  remedies  iti 
such  cases,  one  may  look  at  the  lesion  as  a  post-syphilitic  one.  Rut^f 
physicians  are  generally  disposed  to  admit  that  obliterativc  arteritis^ 
may  occur  in  patients  who  have  not  had  syphilis  or  indulged  in  alcohol. 

■  Kflfter't  «wv     Vide  llciitrnhain.  Dtutsik  Mtd.  Wathtiuikrift,  1891,  S.  1087. 
^  iM.Ckit.  Tram.,  1891,  p.  395. 
•  nu.,  1893.  p.  37. 
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Friedlander'  compared  the  thickening  of  the  intima  to  that  which 
causes  the  obliteration  of  the  ductus  Botalli,  the  hypogastric  arteries, 
and  those  of  the  uterus  during  involution  after  pregnancy. 

In  the  group  of  cases  to  which  attention  is  here  drawn,  the  obliter- 
ative  arteritis  has  affected  the  vessels  of  the  limbs  and  threatened,  or 
actually  produced,  gangrene.  The  cause  is  quite  obscure,  a  history  of 
syphilis  or  of  alcoholism  being  distinctly  absent.  Clinically  the  cases 
arc  to  be  distinguished  by  the  absence  of  heart  disease  or  of  any  pre- 
vious illness  likely  to  originate  embolism  or  thrombosis.  The  patients 
are  not  affected  by  atheromatous  disease  or  calcareous  degeneration 
causing  arteriosclerosis,  for  they  are  young  adults,  presenting  no  senile 
changes,  no  tortuous  temporal  nor  radial  arteries;  the  affected  vessels 
simply  feel  like  a  cord.  The  disease  is  not  attended  by  albuminuria, 
cardiac  hypertrophy,  nor  excessive  pulse  tension  in  the  patent  vessels. 
In  Raynaud's  gangrene,  to  be  described  later,  there  is  spasm  of  the 
arterioles,  not  a  change  in  the  vessel-walls. 

The  case  of  arteritis  obliterans  described  by  Pearce  Gould' has 
been  under  observation  for  a  long  time.  The  patient  presented  pecu- 
hariy  characteristic  features;  the  disease  occurred  in  a  young  adult,  in 
the  absence  of  the  known  causes  of  arterial  disease;  it  progressed  for  a 
time,  was  then  spontaneously  arrested,  and  was  followed  by  a  restora- 
tion to  health,  which  has  been  maintained  for  a  period  of  years. 

A  man,  nineteen  venrsold  when  first  ftccn.  worked  inabrick-fieEd.  but  bad  not  been  expo^d 
to  wel  oiid  told.  When  aged  twelve  he  bad  s-uffeted  from  scarlet  fever  complicated  by  dropsy 
and  convulsionii.  as  many  as  45  ^^^  occurring  in  a  day.  From  Ibis  he  apparently  quite  recov- 
ered. Wben  thirteen  be  had  a  whitlow  on  the  right  little  finger ;  at  seventeen  he  struck  his 
right  fifth  metacarpal  bone  and  a  thickening  resulted.  He  was  a  teetotaler,  and  had  never  had 
venereal  disease.  He  first  noted  that  the  lingeis  of  the  right  hand  became  dark,  then  that 
the  right  hand  and  forearm  became  cold,  weak,  and  painful  whilst  at  work,  so  that  he  was 
forced  to  slop,  bul  after  an  hour's  rest  the  hand  became  warm  again.  When  first  seen,  Ibo 
brachial  artery  pulsated  down  to  a  point  just  above  the  elbow,  below  which  it  formed  a 
pulsele^^  cord.  Whilst  under  observation  Ihe  pulse  in  the  brachial  gradually  disappeared  as 
far  up  as  the  axillary  artery,  bul  the  superior  profunda  artery  could  be  lelt  above  (he  outer 
condyle  of  the  humerus.  Dry  Rntigrene  attacked  the  ends  of  the  thumb,  middle,  and  ring 
lingers,  and  the  dead  parts  were  later  on  removed.  No  other  lesion  was  found,  lie  was  seen 
again  wben  aged  twenty-two  ;  the  third  part  of  the  right  subclavian,  the  anillary,  and  the 
arteries  below  formed  cords  without  pulsation.  No  further  gangrene  had  appeared.  The 
man  was  heard  of  again  when  thirty  years  old  ;  he  was  well  and  doing  alt  his  work. 

Iladden'  described  a  similar  case  in  a  young  woman. 

The  following  is  the  brief  account  of  a  more  advanced  case  under  the  writer's  care  :*  .An 
omnibus  driver,  aged  iwenly-seven,  had  had  no  previous  illness  except  that,  eleven  years  before, 
he  ha^l  had  gonorrhea  and  sores  which  lasted  nine  weeks.  No  signs  of  syphilis  followed. 
He  was  married  and  bad  two  children.  His  urethra  was  found  on  examination  lo  be  nor- 
mal. He  had  not  taken  alcohol  lo  excess.  His  mother  and  iwo  brothers  bad  died  of 
phthisis  and  a  sister  was  suffering  from  her  chest.  He  had  noted  that  for  three  monllis — 
July,  Atigusl,  and  September — his  left  foot  had  at  time*  beconie  cold,  so  that  he  bad  fre- 
quently to  rub  it  in  order  lo  keep  it  warm.  He  also  had  a  sore  on  his  little  toe,  which 
healed  and  then  reappeared  three  weeks  before  be  was  fir.st  seen.  Then  followed  a  change 
in  the  color  of  the  left  foot  10  n  bluish  red.  It  became  very  painful,  especially  al  night, 
across  the  base  of  the  toes,  and  a  black  spot  appeared  on  the  great  toe.  When  first  seen, 
dry  gangrene  had  affected  the  great  and  little  loes  and  ihreaiened  to  set  in  on  the  instep  and 
skin  of  the  leg.  No  pulsation  could  be  felt  in  the  left  thigh  and  leg,  a  liard  cord  being  felt 
in  the  position  of  the  femoral  artery  ;  the  veins  were  unobstructed.  The  right  foot  was  cold 
and  damp,  but  not  painful.  On  the  plantar  surface  of  the  ungual  phalanx  of  the  great  toe 
was  n  superficial  dusky  patch.  No  pulsation  could  be  felt,  and  the  righl  femoral  artery 
formed  a  cord.     No  pulsation  nor  sound  couUi  be  clearly  heard  in  the  abdominal  aorta  nor 

'  Ctntralh.  f.  d.  mtd.  fViiseiucliafifti,  1876,  S.  64. 

'  ClinUa!  Soiifly's  Trans,,  1884,  p.  95  ;   1887,  p.  25?  ;  also  note  given  to  writer, 

■  Ibid..  1884,  p.  105.  •  Ibid.,  189S,  p.  89. 
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io  Ihc  iliius.  The  right  haurl  wis  colder  than  the  left,  the  right  niillai}-  niid  brachial 
snuller,  the  raJial  nncty  vert  Miiall.  Iml  sofl  and  nm  lonmius ;  the  ulnar  artery  could 
scuceir  be  feit.  The  arteries  of  the  lefl  aim  were  nomuil,  the  pulK  beiog  of  Low  t^n^ion. 
The  lenipotal  nrteries  were  likewist  soft,  iiol  tortuiius,  and  the  pulse  in  them  was  of  low 
tension.  The  heart,  lung!,  and  urine  were  norranl.  Under  obsetvalion  the  poin  in  ihe  lefl 
1^  increaHxI.  Al  times  tbeie  were  paroxysm-''  of  cramp«,  when  the  cult  muscles  became  hard 
and  tender.  The  opium  he  wfl-s  given  had  gradually  lo  be  increased  to  i  grain  (0.065  B™- ) 
tjf  e\l-  opii  every  four  hours,  besides  which  as  much  as  three  Jn)ecliotis  of  j  a  grain  (0.0324 
gm. )  of  morphin  were  required  iluring  (he  day.  In  spite  of  the  narcotic  he  gol  but  little 
cMe  or  steep,  be  wa^  (generally  half.sitting,  looking  at  bis  leg  with  an  anxious  expresjiion, 
and  iwnting.  He  became  thin  and  his  pulse  weaker.  Iluring  the  week  before  the  ompu- 
lalion  dry  gnnj^ne  began  in  the  skin  of  the  instep  and  of  the  front  of  Ihc  leg ;  the  lem- 
peratuie  arote.  Ihe  highest  point  being  tot. 2°  K.  Amputation  wa&  done  through  the  middle 
of  the  lefl  thigh.  At  once  all  pain  was  lost,  be  recovered  his  appetite,  slept  well,  the  gen- 
eral circtilalion  impnived,  but  there  was  no  increase  of  pulsation  in  the  obstructed  arteries. 
The  right  band  and  fool  became  warmer,  and  the  righl  fiml  freely  desquiimited.  A  year 
later  ihe  patient  was  well  and  had  relumed  to  his  former  employment.  At  Ibe  amputation 
Ihe  femoral  artery  was  found  blocked  by  a  lirm  clul.  and  the  ptoxinial  cut  end  did  not  pul- 
sjte  on  removing  the  elaslic  band.  Besides  (he  femoral  vein,  which  was  paienl,  only  one 
HtulE  arterv  near  the  sciatic  nerve  was  lied  ;  there  were  no  other  blee<ling  points  and  very 
litilr  uofJng.  In  the  amputated  limb  ihe  |>i>plileal  Btiil  its  bifurcations  were  tilled  by  a  lirm, 
laminated  cIol  The  endothelium  and  the  iuLima  within  Ihe  elastic  lamina  hail  blended  with 
Ihe  tlot.  otherwise  there  was  no  obvious  change  in  the  vessel-wall.  The  lower  part  of  the 
tibials  was  thitkeneil  but  empty,  the  lumen  bfing  smaller,  and  this  was  most  marked  in  the 
lower  end  of  the  posterior  tibial  and  in  the  plantars.  The  narrowing  was  caused  bva  tibrous 
thickeaing  of  the  intima.  Where  les«  marked  the  librosis  was  internal  lo  Ibe  elastic  lamina, 
which  was  unaljered  ;  where  the  disease  was  more  advanced  the  elastic  lamina  had  been 
leplaced  by  fibrous  tissue,  and  there  was  some  invasion  of  the  middle  coat.  This  thickening 
of  the  inlima  was  eccentric,  noi  concenlric  ;  in  one  quadrant  the  Ihickcned  inlima  projected 
into  the  lumen,  the  rest  of  the  circumference  being  altered  little  or  not  at  all.  The  intima 
of  the  cottC'ponding  veins  was  alvi  -.lijiUily  affected.  The  arterioles  in  the  substance  of  the 
calf  muscles  were  unchanged.  Uihcr  cases  in  which  gangrene  has  followed  arteritis  oblite- 
niis  have  heen  seen  in  older  patients,  bnl  It  may  be  ijueslioned  whether  they  are  not  easen- 
liaiiy  different  from  those  just  described,  and  whether  such  cases  have  not  features  more 
tiearly  allied  to  arteriovlerosis,  thrombosis,  etc.,  included  under  previous  sections  of  this 
article.  In  Winiwaler**  '  ease  gangrene  attacked  the  foot  of  a  man  aged  fifty-seven.  In  the 
posterior  tibial  artery  and  vein  of  the  amputated  limb  was  found  an  endothelial  and  suben- 
dothrlial  proliferation,  with  (he  development  of  bloftd- vessels  in  the  media  and  intima.  The 
media  and  adventitia  were  also  affected,  but  10  a  less  extent  than  the  intima.  The  patient 
Eka4  not  had  syphilis.  In  one  of  VViilenmann's'  cases  a  man  of  sixty-live  was  attacked  with 
nwisl  gangrene  of  both  feel  simultaneously,  allended  by  high  fever.  He  had  also  marked 
emphysema  and  bronchitis,  tuberculosis  of  the  lungs,  and  a  dilated  heart,  bui  no  ^ugar  nor 
albumin  in  ihe  urine.  He  had  not  had  syphilis.  The  vessels  were  not  tortuous.  Post 
iDcirtem  there  were  found  in  tbe  tibials  a  marked  concentric  thickening  and  vosculaiilv  of 
the  intima,  the  media  was  thickened,  and  in  it  S'jme  lime  salts  were  deposited  ;  the  advenlitia 
was  also  infiltrated.  The  lumen  was  occupieii  by  organiieil  thrombi,  and  there  were  thrombi 
m  Ihe  veins.  In  another  case  amputation  of  the  arm  was  done  for  moist  gangrene,  which 
had  liegun  suddenly  fourteen  days  before,  after  an  attack  nf  inBuenia.  The  man.  aged  forty- 
nine,  hod  no  sugar  nor  albumin  in  Ihe  urine,  nor  had  he  had  syphilis.  The  slump  bleil  freely 
and  jO  ligatures  were  used.  Tbe  aneiies  of  the  amputated  limb  were  thrombosed,  their 
coals  DoC  niuch  altered  1  there  woa  marked  ihickening  of  the  intima  In  the  smaller  veitu. 

IV.  GANGRENE  FOLLOWING  ON  SPASMS  OF  THE  ARTEWOLES. 
The  endis  of  thu  fiiiycrs  and  toes,  llit.'  tip.s  of  tlie  cars  and  of  the  nose 
suffer  from  the  intermittent  occurrence  of  pailor,  cold,  and  numbness 
due  to  arterial  constriction,  followed  by  redness,  heat,  and  tingling 
owing  to  arterial  relaxation.  Thrombosis  .supervenes  on  prolonged 
constriction  and  blocks  the  small  veins  and  capillaries,  and  this  is  shown 
by  dusky  redness  which  does  not  disappear  on  pressure.  Recovery 
may  take  place  after  superficial  desquamation  or  ulceration.  The 
thmmbosed  tissue  may  slowly  die,  causing  gangrene  of  the  dr>'  kind. 

'  Arrkiv f,  tlin.  Ckirurgif,  1878,  I!d.  iiiii,,  S.  xoi, 
■  Bfilrigrt.  t/in.  CUrirgK,  1S93,  Bd.  \x.,  S,  it8. 
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Gangrene  from  Cold.— Chilblains.— A  slight  degree  of  throm- 
bosis produces  ulcerated  chilblains.  They  commonly  appear  in  anemic, 
badly  fed  children,  whose  hands  and  feet  are  not  kept  warm  and  dry 
and  whose  shoes  pinch  the  feet.  Patches  on  the  fingers  and  toes  are 
white  and  ache ;  on  being  warmed,  the  skin  turns  red  and  itches. 
When  thrombosis  occurs  the  spot  becomes  dusky  red  and  forms  an 
ulcer  from  which  a  slough  separates.  Chilblains  are  in  many  instances 
precursors  of  Raynaud's  gangrene. 

Chilblains  are  avoided  by  good  food,  by  daily  exercise,  by  woollen 
socks  and  gloves  worn  night  and  day  in  winter,  with  roomy,  good-fit- 
ting shoes.  The  hands  and  feet  are  not  to  be  put  suddenly  into  hot 
water  nor  warmed  before  the  fire.  Lukewarm  water  is  to  be  used  for 
washing,  after  which  the  hands  and  feet  arc  -to  be  rubbed  dry.  A 
chilblain  which  has  formed  and  threatens  to  ulcerate  should  be  painted 
with  iodin  tincture.  When  ulceration  has  taken  place,  a  mild  antiseptic 
ointment  is  applied. 

Prost-blte. — When  the  circulation  is  restored  after  pallor  caused  by 
cold,  there  are  bright  redness,  heat,  and  tingling.  When,  on  account 
of  the  prolonged  cold,  thrombosis  is  set  up,  there  are  dusky  redness, 
loss  of  warmth,  and  numbness.  Frost-bite  is  systematically  avoided  in 
cold  climates  by  keeping  the  extremities  warmly  covered.  The  cap 
covers  the  ears,  large  gloves  without  fingers  the  hands,  extra  large 
boots  are  worn,  so  that  the  feet  can  be  encased  in  thick  wool  stockings 
or  bands  of  hay.  The  tip  of  the  nose  is  exposed,  but  this  is  not  in 
danger  unless  there  is  in  addition  to  the  cold  a  damp  and  high  wind. 
But  when  predisposing  influences  come  into  play,  frost-bite  may  occur 
although  the  temperature  is  above  freezing  point.  Frost-bite  is  favored 
by  alcohol  on  accoimt  of  the  greater  loss  of  heat  from  the  surface,  also 
by  fatigue  and  want  of  food.  A  man  who  has  plenty  of  food,  who 
avoids  fatigue  and  alcohol,  may  sleep  out  on  the  snow  without  harm, 
whilst  a  drunkard  asleep  on  damp,  unfrozen  ground  may  sufier.  Loss 
of  blood  favors  frost-bite ;  hence  the  wounded  lying  out  at  night  after 
a  battle  are  liable  to  be  attacked. 

Treatment. — A  patient  affected  by  cold  and  threatened  with  frost- 
bite should  be  taken  into  a  room  of  the  ordinary  temperature,  but 
should  be  kept  away  from  the  fire.  The  threatened  extremities  are 
rubbed  with  snow  or  cold  water,  not  plunged  into  warm  water,  until  the 
circulation  improves;  they  are  then  well  dried  and  wrapped  up.  The 
patient  is  given  hot  soup  and  coffee,  but  not  alcohol,  except  in  ver>' 
small  amounts.  If  unconscious,  hot  nutrient  cnemata,  with  or  without 
brandy,  are  administered,  and  plenty  of  covering  put  on  the  bed,  until 
warmth  and  consciousness  return.  A  part  becoming  gangrenous  is 
dusted  with  iodoform  under  a  thin  layer  of  wool.  The  gangrene  will 
be  drj',  and  generally  the  slough  may  be  allowed  to  separate  spon- 
taneously ;  at  least,  no  operation  is  permissible  until  the  patient  has 
recovered  from  the  general  effects  of  the  cold.  The  operation  is  usually 
limited  to  the  removal  of  the  bone  from  the  pointed  stump,  so  that  the 
skin-flaps  can  heal.  Moi.st  gangrene  and  septic  infection  art  unlikely  to 
happen,  unless  the  already  gangrenous  limb  fs  kept  hot  and  moi.st. 

The  artificial  cold  produced  by  the  ether  spray  has  given  rise  to 
gangrene.     A  nodule  in  the  skin  was  removed  under  ether  spray  from 
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the  leg  of  a  woman  aged  seventy ;  gangrene  spread  from  the  wound 
and  caused  death.  It  is  therefore  a  good  rule  not  to  freeze  the  skin 
of  old  ]x:opIe. 

Carbolic-acid  fomentations  have  caused  gangrene  of  the  fingers, 
therefore  boric  acid,  not  carbolic  acid,  should  be  used  for  fomentations 
(Peraire '). 

Gan^ene  dne  to  Ergot. — Ergotism  is  the  result  of  eating  bread 
made  from  rye  affected  by  the  fungus,  especially  when  i  grain  in  8  or 
to  has  been  so  diseased.  It  is  met  with,  therefore,  only  in  those  who 
have  lived  upon  such  bad  bread,  and  the  severity  of  the  disease  depends 
upon  the  amount  taken.  The  rye  is  attacked  by  the  fungus  in  cold,  wet 
summers,  and  gangrene  from  ergot  could  not  be  seen  nowadays  except 
among  peasant  fanners  in  districts  unfavorable  for  agriculture,  where 
the  farmers  are  forced  to  eat  the  grain  they  cannot  sell.  The  disease 
has  been  met  with  during  the  last  two  centuries  in  France  and  Ger- 
imany,  not  in  the  British  Isles,  where  rje  is  hardly  ever,  or  never,  used 
for  bread-  Ergotism  was  Reported  from  France  during  the  year  1897 
(Mongour^),  Ergot  is  produced  in  America,  but  ergotism  does  not 
seem  to  have  appeared.  Ergot  causes  gangrene  chiefly  in  middle-aged 
men,  much  more  rarely  in  women,  its  incidence  in  this  respect  rcsem- 
kbling  that  of  gangrene  due  to  arteriosclerosis.  Children  suffer,  both 
'male  and  female,  but  less  often  than  men,  the  convulsive  form  of  ergot- 
ism being  more  marked.  But  there  must  be  some  special  predisposi- 
tion which  accounts  for  the  differences  in  susceptibility  among  members 
of  the  same  family  similarly  exposed  to  the  influence  of  the  poison. 

Although  ergot  has  often  been  administered  in  large  doses  for  long 
periods,  the  drug  has  never  been  known  to  cause  gangrene.  It  may 
therefore  be  supposed  that  the  gangrene  is  the  combined  result  of  ergot- 
ized  bread  and  insufficient  food.  The  gangrene  is  the  consequence  of 
long-continued  vascular  spasm  leading  to  thrombosis.  The  earlier 
symptoms  of  ergotism  are  due  to  constriction  of  the  blood-vessels  of 
the  central  nervous  system  and  of  the  intestine :  they  are  giddiness,  dis- 
turbances of  vision  from  a  peculiar  seasibility  of  the  retina,  buzzing  in 
the  cars,  formication,  itching,  and  hyperesthesia  of  the  skin  ;  hence  the 
German  name  "  Kriebelkrankheit."  The  next  series  of  phenomena  are 
due  to  spasm  of  the  muscular  arterioles  causing  painful  creeping  and 
burning  cramps;  from  these  burning  scn.sations  originate  tlie  French 
name  "  Mai  des  Ardents,"  and  the  old  English  one  "  St.  Anthony's  fire." 

The  gangrene  is  generally  dry  and  symmetrical,  and  affects  mostly 
the  feet,  although  the  fingers,  ears,  and  nose  have  been  attacked.  The 
gangrene  doe-s  not  prevent  the  patient  from  getting  about;  men  have 
been  .seen  walking  on  the  dead  limb  as  on  an  efficient  stump.  The 
period  of  sqiaration  is  a  prolonged  one,  two  years  or  more,  and  it 
usually  takes  place  at  one  of  the  Joints  of  the  foot  or  at  the  ankle. 
The  line  of  demarcation  may  form  higher  up,  and  extreme  cases  have 
been  recorded  in  which  both  legs  sloughed  offat  the  hip-joint  (Salernc"). 
The  main  arteries  are  thrombosed  and  occluded  early,  so  that  there  is 
no  danger  of  hemorrhage. 

Treatment. — The  earlier  symptoms  of  the  ergotism  being  present, 

'  Ctntralhl .  /.  Ciim'ffu,  1896.  S.  78).        '  Ar^i.  iliit-  dt  Bordfattx,  1897,  t.  vi. ,  p.  315. 
'  Vide  Llupiay  el  Rcclus,  Ciinirgir. 
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gangrene  may  be  prevented  by  good  food,  warmth,  friction,  with  coffee 
and  opium  for  the  cramps.  The  gangrene  is  treated  expectantly,  any 
surgical  interference  being  put  off"  until  the  patient's  general  health  is 
restored,  and  is  always  of  a  very  limited  character. 

I,ead  acts  in  a  similar  way  to  ergot  and  is  said  to  produce  gan- 
grene, or  rather  to  increaae  the  ill  effect  of  other  causes,  such  as  arterio- 
sclerosis (Sainton  '}. 

Raynaud's  Gangrene. — Raynaud's  gangrene  is  that  form  of  gan- 
grene which  results  from  a  prolonged  continuance  of  Raynaud's  symp- 
toms, the  characteristic  feature  of  which  is  a  generally  sj'mmetrical  and 
paroxysmal  spasm  of  the  arterioles,  of  nervous  origin. 

Raynaud's  gangrene  should  not  be  extended  to  be  synonymous 
with  symmetrical  gangrene,  for  the  symmetiy  may  be  due  to  throm- 
bosis. Indeed,  Raynaud's  symptoms  are  frequcndy  unilateral,  even 
limited  to  the  distribution  of  a  single  nerve.  Neither  is  Raynaud's 
gangrene  the  only  kind  that  is  preceded  by  paroxysmal  symptoms,  for 
both  obstruction  to  main  blood-ves.sels  and  arteriosclerosis  of  the  tibials 
are  attended  by  intermittent  paroxysms  which  gradually  lead  on  to 
gangrene.  There  is  no  doubt  that  Raynaud-  included  in  his  original 
essays  cases  of  gangrene  whose  pathology  widely  differed.  The  term 
"  Raynaud's  gangrene  "  should  be  applied  to  those  cases  in  which  there 
is  no  obstruction  of  the  main  arteries,  nor  arteriosclerosis,  the  onset  of 
which  is  preceded  by  characteristic  symptoms. 

At  least  two  well-marked  types  are  met  with.  One  occurs  in  anemic 
women  and  others  in  feeble  health,  including  lunatics,  or  in  those 
exhausted  by  disease,  such  as  ague,  all  ivilh  a  feeble  pulse  of  low  ten- 
sion;  the  treatment  of  this  type  is  practically  that  of  the  anemia. 
The  other  and  less  common  type  occurs  in  young  people  about 
puberty,  both  male  and  female,  and  is  characterized  by  a  pulse  of  high 
tension,  and  by  arteries  hypertrophied.  hard,  and  tortuous,  so  that  they 
can  be  rolled  beneath  the  fingers.  Such  patients  arc  liable  to  the  com- 
plications ensuing  from  this  high  pulse  tension — viz.,  hemoglobinuria, 
purpura,  apoplexy  and  other  hemorrhages,  and  uremia  (Aitken.^  Osier '). 
The  spasm  of  the  arterioles  is  supposed  to  originate  in  some  blood- 
disease  causing  excessive  destruction  of  the  blood-corpuscles;  hence 
the  excitation  of  vasoconstrictors,  accompanied  by  a  special  sensitive- 
ness to  changes  in  temperature,  and  neuroses  of  various  kinds.  Ray- 
naud used  two  words  in  a  special  way.  "  local  asphyxia  "  and  "  local 
syncope."  He  applied  the  term  "asphyxia,"  in  its  literal  sense  of 
"want  of  pulse."  to  the  dead-white  finger,  but  owing  to  a  confusion 
with  the  commoner  use  of  the  word  in  connection  with  carbonic-acid 
poisoning,  it  has  been  used  by  some  writers  for  the  subsequent  stage 
of  venous  congestion.  Raynaud  called  the  local  bloodlessness  "  local 
syncope."  But  the  patients  are  often  anemic  and  have  feeble  hearts, 
and  so  arc  liable  to  fainting.  Hence  it  is  difficult  to  understand,  in 
reading  the  accounts  of  some  writers,  whether  they  are  alluding  to  the 

'  Franee  Mitl.,  iSSi.  1.  xxviii,.  p.  a2i. 

'  A'nu  Syilrnham  Socitly,  i888,  vol.  121.  Raynaud's  two  essays  on  local  asphynia, 
Iranslnled  by  T,  linrlaw. 

'  Laitiel,  1896,  vol.  ii.,  p.  875. 

*  Am.  Jour.  Mat.  Sci.,  1896,  vol.  cxii.,  p.  $22. 
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local  Spasm  in  a  limb,  or  to  syncope  produced  by  an  insufficient  blood- 
supply  to  lilt  brain. 

Symptoms. — The  earlifst  of  the  Raynaud's  symptoms  is  the  dead 
white  finger;  less  commonly  the  toes,  the  tips  of  the  ears,  or  the  end 
of  the  nose  are  affected.  The  finger  i.s  cold,  bloodless,  yellowish  white, 
insensitive  and  powerless.  The  attacks  occur  at  meal-times  and  during 
digestion,  whilst  getting  up  in  the  morning,  and  also  when  tired.  The 
spasm  is  followed  by  rt'laxation,  venous  congestion,  and  warmth.  The 
color  is  then  lilac  or  slaty  blue,  and.  if  the  fingers  are  put  into  hot 
water,  becomes  almost  black.  During  the  reaction  there  are  pains 
described  as  stinging,  burning,  and  shooting;  occasionally  the  affected 
fingers  are  covered  with  a  cold  sweat  and  patches  of  red  congestion; 
erythromelalgia  or  red  neuralgia  and  patclies  of  edema  occur.  The 
attacks  are  not  always  worst  in  winter,  but  often  in  spring  and  autumn. 
One  of  Raynaud's  cases  suffered  mo,st  during  the  heat  of  summer, 
when  working  in  the  sun. 

When  gangrene  threatens,  recovery  is  incomplete  between  the 
paroxysms,  the  skin  becomes  hard  like  parchment,  the  color  becomes 
drab  or  bronzed,  gradually  violet,  and  finally  black.  The  local  venous 
congestion  must  be  distinguished  from  the  congenital  blue  of  morbus 
ciruleus,  consequent  on  a  patent  cardiac  septum.  A  case  is  recorded 
in  which  cyanosis  from  this  cause  was  later  on  complicated  by  Ray- 
naud's gangrene. 

Small  bhsters  with  a  seropurulent  fluid  may  form.  There  may  be 
excoriation  and  desquamation  of  the  skin.  Raynaud's  gangrene  has 
occurred  in  several  cases  along  with  scleroderma;  sometimes  one  has 
appeared  first,  sometimes  the  other  iCIiaufiard,'  Hutchinson').  Parox- 
ysmal attacks  of  hemoglobinuria  and  of  purpura  have  complicated 
R.aynaud's  gangrene.  Ca.ses  have  died  of  ajMplcxy  and  of  uremia 
where  the  pulse  has  previously  been  of  high  tension  and  the  arteries 
hyi>ertrophied. 

As  regards  the  treatment  of  Raynaud's  symptoms  threatening 
gangrene,  the  anemia  iii  treated  by  iron  and  arsenic;  quinin  also  has 
acted  well  as  a  tonic,  especially  where  the  patient  has  had  ague.  The 
local  treatment  consists  in  shampooing  with  warm  salt  water.  The 
paro.xysms  are  relieved  by  warm  water,  but  are  made  worse  by  hot 
water;  sometimes  cold  gives  more  relief  but  it  should  be  applied  for  a 
short  time  only.  Opium  may  be  given  for  pain.  The  patient  should 
be  protected  against  cold,  as  mentioned  under  the  head  of  Frost-bite. 
Separation  is  allowed  to  go  on  spontaneously,  any  cutting  away  being 
confined  to  the  dead  part. 


V.  GANGRENE  FROM  OBSTRUCTION  TO  CAPILLARIES  AND  SMALL 

VEINS. 

The  feature  characteristic  nf  this  class  of  gangrene  is  the  obstruc- 
tion to  the  blood-flow  through  the  capillaries  and  venules,  although 
the  tendency  to  gangrene  may  be  indefinitely  increased  by  failure  of 
the  general  circulation,  by  obstruction  to  the  main  artery,  or  by  pre- 

■  Gib.  dts  Wfi  ,  1895,  I.  Iiviii.,  p.  StS. 

'  Artkivet  of  Surgery.  1S96,  vol.  vii,,  p.  301. 
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viously  existing  arteriosclerosis.  The  capiUaries  and  small  veins  are 
obstructed  as  a  direct  result  of  the  injury,  simple  Irnuiiiatic  gangrene, 
or  by  an  inflammatory  septic  thrombosis,  which  may  appear  as  a  com- 
plication and  extension  of  the  former,  spreatii'iig  truumatic  gangrene. 

Simple  Traumatic  Gangrene. — A  burn  chars  the  tissues  and 
stops  the  circulation,  A  crush  smashes  the  tissues  and  produces  an 
extravasation  of  blood  which  compresses  and  arrests  the  blood-fiow  in 
vessels  not  directly  injured.  A  bullet  entering  through  a  small  hole 
causes  a  destruction  of  tissue  and  an  extravasation  of  blood  depending 
upon  its  velocity  and  the  size  of  the  blood-vessels  met  with.  The 
modern  rifle  bullet  of  high  velocity  may  produce  an  "  explosive  "  effect, 
widely  smashing  and  destroying  the  tissues  in  its  course.  As  a  further 
consequence  of  severe  injurv',  the  general  circulation  is  weakened  by 
shock  and   by  loss  of  blood. 

Treatment. — On  careful  examination  of  the  threatened  part,  the 
circulation  may  be  found  absolutely  stopped.  Even  when  incisions 
arc  made  into  it,  there  is  no  oozing  from  the  cut  arteries.  The  treat- 
ment consists  in  removing  the  dead  part  as  soon  as  the  patient  has 
recovered  a  little  from  the  shock  of  the  accident,  and  before  decom- 
position has  set  in. 

Whenever  it  is  found  that  the  threatened  part  is  still  connected  with 
the  rest  by  some  uninjured  tissue,  it  is  always  possible  that  an  anasto- 
motic circulation  may  be  .set  up  as  the  general  circulation  recovers 
from  the  shock  of  the  accident.  At  the  same  time  it  is  necessary  to 
remove  any  compression  on  the  still  unimpaired  vessels  by  turning 
out  extravasated  blood-clots,  by  reducing  fractures  and  dislocations, 
and  removing  foreign  bodies.  All  septic  material  should  be  removed 
from  the  wound.  As  soon  as  possible  after  the  accident  the  patient  is 
to  be  laid  at  rest,  hot  fluid  food  or  cnemata  are  administered,  and  he  is 
well  covered  up  with  blankets  and  hot-water  bottles  until  he  becomes 
warm  and  begins  to  sweat.  A  burn  is  covered  with  dry  antiseptic 
drcs.siiigs,  and  as  soon  as  the  dead  tissue  can  be  distinguished  from  the 
living,  the  former  is  cut  away,  or  it  is  partly  raised  and  strips  of  iodo- 
form gauze  are  slipped  beneath,  so  as  to  protect  the  living  tissue  from 
the  products  of  decomposition  of  the  dead  tissue.  In  the  case  of  a 
compound  fracture  or  bullet-wound,  the  area  of  injury  Is  fully  exposed 
under  an  anesthetic,  the  skin  orifice  being  extended  by  incisions  as 
necessarj'.  All  the  pockets  are  cleared  of  blood-clot;  foreign  bodies, 
bullets,  etc..  are  removed;  splinters  are  replaced  in  position,  and  the 
fractured  ends  of  bones  and  dislocated  joints  reduced  and.  if  necessary, 
fixed  by  sutures  or  pegs.  Every  part  of  the  wound  is  freely  swabbed 
by  5  per  cent,  carbolic  acid  or  other  antiseptic,  the  antiseptic  being 
finally  swilled  away  by  pure  water.  If  the  hemorrhage  has  had  to  be 
controlled,  the  tourniquet  is  now  released  and  all  tiie  bleeding  points 
ligatcd.  One  or  more  .strips  of  gauze  are  laid  in  the  woimd  to  act 
as  «  drain,  and  the  limb  is  wrapped  up  and  placed  in  a  position  favor- 
able for  the  return  of  venous  blood,  which  must  not  be  hindered  by  a 
tight  bandage.  With  this  treatment  .soon  after  the  injury  there  is  no 
danger  of  spreading  gangrene.  The  removal  of  causes  of  compres- 
sion allows  collateral  circulation  through  the  still  uninjured  vessels. 
Even  if  gangrene  should  happen,  the  delay  is  not  dangerous,  owing  to 
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the  antiseptic  treatment  applied  to  the  wound.  The  patient  will  be 
better  able  to  stand  the  amputation,  and,  if  the  circulation  returns  in 
part,  the  secondary  amputation  may  be  more  limited  than  would  have 
been  tht  primary  one. 

In  old  people  the  circulation  is  often  poor,  owing  to  previous  arterio- 
sclerosis, and  so  in  them  gangrene  is  more  likely  to  follow  an  injury. 
They  may  be  less  able  to  undergo  the  strain  of  the  repair  of  an  injury 
than  that  of  the  amputation.  Moreover,  the  loss  of  the  limb  may  not 
be  so  important  as  to  a  younger  patient.  These  latter  considerations 
will  point  toward  primary  amputation  for  old  people.  Primary  ampu- 
tation may  still  have  to  be  largely  adopted  in  war-time,  when  the  means 
of  treating  the  wounded  are  of  an  inferior  kind.  In  amputating  for 
traumatic  gangrene  the  state  of  the  skin-flaps  requires  attention,  for 
altliough  the  level  of  amputation  be  above  the  injury  to  the  main 
blood-vessel,  if  the  skin  from  which  the  flaps  are  cut  has  been  bruised, 
sloughing  may  take  place.  Only  strong  patients  can  be  expected  to 
survive  sloughing  of  flaps  and  reantputation.  If,  therefore,  when  cut- 
ting the  flaps  the  small  vessels  are  found  already  thrombosed,  a  higher 
level  should  be  selected. 

Septic  or  Infiammatory  Gangrene. — The  characteristic  feature 
of  this  variety  of  gangrene  is  the  obstruction  of  the  capillaries  and  the 
small  veins  of  the  tissues  by  thrombi  containing  micro-organisms  which 
rapidly  multiply  and  spread  the  thrombosis,  and  so  the  gangrene. 
Anthrax  bacilli  multiply  at  the  site  of  the  inoculation,  and  the  capil- 
laries and  veins  become  blocked  by  masses  of  bacteria.  An  eschar 
forms  at  the  center,  and  around  it  is  an  Inflammatory  zone  in  which  the 
thrombosis  is  going  on.  although  the  arterial  circulation  is  not  yet  at  a 
standstill.  Similarly,  a  boil  or  carbuncle  commences  by  a  septic  throm- 
bosis at  the  center,  which  causes  an  arrest  of  the  circulation  and  a 
central   slough   -surrounded  by   an   inflammatory  zone. 

Spreading  Tratuuatic  Gangrene. — The  amount  of  injury  varies 
from  a  mere  prick  or  scratch  up  to  an  extensive  laceration,  but  the 
essential  feature  is  the  septic  inoculation.  In  some  cases  the  injury 
may  be  so  slight  as  a  prick  from  a  thorn,  a  scratch  from  an  instru- 
ment, the  sting  of  an  insect,  or  the  inoculation  of  septic  material 
through  a  previous  abrasion.  In  other  cases  there  may  be  a  serious 
contusion,  a  compound  fracture,  a  gunshot  wound,  the  bite  of  an  ani- 
mal, a  crush  by  machinery  or  on  the  railway,  and  the  septic  inoculation 
is  then  a  complication  of  a  lacerated  wound. 

Symptoms. — The  marked  sign  of  spreading  traumatic  gangrene  is 
advancing  dusky  edema.  Within  a  day  of  the  accident  the  edema  may 
have  spread  from  the  injured  hand  or  foot  to  the  forearm  or  leg ;  in  two 
days  or  so  it  may  have  almost  reached  the  shoulder-  or  hip-joint.  The 
patient  is  meanwhile  much  affected  by  septic  absorption,  soon  becomes 
delirious,  and  has  a  rapid  pul.se  and  respiration.  The  temperature  is 
untrustworthy:  it  may  be  high  at  first  and  then  slowly  descend  to  be 
little  above  the  normal,  or  it  may  even  become  subnormal  when  the 
patient  is  exhausted.  Commencing  gangrene  is  shown  by  the  bullae 
containing  stinking  greenish  serum  which  form  on  the  dusky  edema- 
tous skin.  On  separation  of  the  epidermis,  the  dermis  beneath  appears 
of  a  greenish  yellow.     The  skin  crackles  when  touched,  owing  to  septic 
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emphysema.  On  cutting  into  the  Umb,  abscesses  containing  stinking 
pus  and  gas  are  found  in  all  directions.  Within  two  days  the  gan- 
grene may  have  extended  from  the  hand  or  foot  to  the  elbow  or  knee. 
Very  soon  the  septic  edema  spreads  from  the  limb  to  the  trunk,  and 
behind  it  follows  the  gangrene. 

The  only  treatment  is  prompt  amputation  above  the  edematous 
zone,  and  removal  of  the  ami  at  the  shoulder-joint  or  of  tlie  leg  high 
up  in  the  thigh  has  saved  life  in  many  ca.ses.  If  the  flaps  are  at  all 
affected  by  dusky  edema  or  by  septic  thrombosi.'i,  this  will  be  perceived 
in  cutting  them.  If  there  is  some  edema  and  it  be  deemed  inexpedient 
or  impossible  to  cut  a  flap  higher  up,  iodoform  gauze  should  be  laid  in 
the  wound,  between  the  flaps,  and  then  a  limited  ulceration  of  the  flaps 
will  not  so  greatly  affect  the  patient.  If  after  a  day  the  flaps  appear 
quite  healthy,  secondary  sutures  may  be  used.  The  administration  of 
streptococcus-antitoxin  may  be  of  advantage  as  an  adjuvant  to  the 
surgical  measures,  but  only  when  streptococci  are  the  chief  organisms 
found  (Steele'). 

Cutaneous  Gangrene. — This  form  of  gangrene  is  set  up  by  the 
micro-organisms  causing  erysipelas,  or  similar  streptococci,  in  patients 
previously  weakened  by  disease.  An  acute  attack  of  erysipelas  may 
go  on  to  gangrene  of  the  skin,  especially  of  the  scrotum.  Infants  and 
children  who  have  suffered  from  one  of  the  specific  fevers  arc  liable  to 
be  attacked,  multiple  patches  of  gangrene  developing  on  the  skin, 
especially  of  the  abdomen.  The  patients  have  generally  been  much 
e^austed,  and  there  is  great  failure  of  the  circulation.  Yet  some  of 
the  worst  cases  of  multiple  cutaneous  gangrene  have  followed  chicken- 
pox  in  which  the  child  has  sufi"ered  beforehand  but  .slightly.  In  old 
people,  multiple  gangrenous  patches  may  appear  when  many  of  the 
vessels   have  been  partly  obstructed  by  arteriosclerosis. 

Symptoms. — The  first  sign  of  cutaneou.s  gangrene  is  a  red  blush 
with  slight  inflammatory  induration.  The  color  quickly  becomes 
dusky  and  ceases  to  disappear  on  pressure  :  sen.sation  is  lost,  and  the 
patch  soon  becomes  gangrenous.  Several  of  these  patches  appear 
simultaneously,  or  one  after  the  other  within  a  day  or  two. 

Treatment. ^The  only  specific  general  treatment  is  the  injection  of 
antistreptococcic  scrum,  and  the  more  clear  the  erj-sipelatous  origin, 
the  more  likely  the  success.  Locally  an  erysipelatous  patch  may  be 
painted  with  iodin  or  nitrate  of  silver,  with  the  view  of  increasing  the 
circulation  by  counter-irritation  and  so  preventing  thrombosis.  When- 
ever thrombosis  and  loss  of  sensation  preindicate  gangrene,  the  skin 
should  be  raised  by  an  incision  and  a  strip  of  gauze  slipped  beneath. 
This  gives  any  skin  in  which  some  circulation  is  still  going  on  the  best 
chance  of  recoverj',  while  it  anticipates  the  collection  of  foul  pus 
beneath  the  slough.  As  soon  as  the  outline  of  the  slough  is  deter- 
mined, it  is   cut  away. 

Cancnun  Oris ;  Noma  of  the  Vulva ;  Gangrene  of  the 
Umbilicus. — Children  exhausted  by  scarlet  fever,  measles,  and  other 
specific  fevers,  by  bronchopneumonia  or  general  neglect,  arc  liable  to  be 
attacked  by  gangrene  which  commences  in  the  mucous  membrane  of 
the  mouth,  on  the  vulva  in  female  children,  and  at  the  umbilicus  of 
'  Brit.  M/d.jBUT.,  1896,  vol.  ii.,  p,  1768. 
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infants.  It  is  distinguished  from  the  cutaneous  gangrene  by  rapidly 
burrowing  into  the  deeper  structures,  and  by  commencing  in  some 
excoriation  or  ulcer.  The  onset  is  insidious,  there  being  only  a  small 
superficial  slough,  beneath  which  the  septic  thrombosis  and  gangrene 
rapidly  go  on.  Moreover,  the  child  does  not  complain  of  pain,  does 
not  crj-,  and  the  appetite  persists.  It  becomes  more  and  more  dull  and 
sleepy,  without  any  marked  ri.se  of  temperature,  then  delirious,  and  the 
pulse  and  respiration  increase  in  rate.  The  first  sign  to  attract  atten- 
tion is  often  the  foul  smelt;  then  a  grayish  patch  will  be  found,  sur- 
rounded by  a  brawny  zone.  On  exploration,  stinking  sloughs  are 
brought  to  light.  In  cancrum  oris  the  cheek  may  be  rapidly  per- 
forated or  destroyed,  the  lower  jaw  becomes  necrosed;  or  the  upper 
jaw  may  be  similarly  affected  and  the  antrum  filled  with  pus.  The 
swelling  of  the  cheek,  in  the  absence  of  striking  symptoms,  may  be  at 
first  mistaken  for  alveolar  abscess.  The  child  may  die  of  septicemia, 
or  develop  septic  pneumonia,  or  the  gangrene  may  spread  to  the  neck 
first 

Noma  may  extend  rapidly  on  the  vulva,  causing  a  deep  sloughing 
ulcer,  which  spreads  toward  the  pubes,  bladder,  or  rectum.  A  similar 
form  of  gangrene  is  occasionally  seen  in  the  scrotum  of  Httle  boys. 

Gangrene  of  the  umbilicus  is  common  amongst  the  poor  of  hot  cli- 
mates :  it  rapidly  extends  to  involve  the  whole  thickness  of  the  abdomi- 
nal wall,  and  finally  the  peritoneum,  if  the  infant  lives  long  enough. 

Treatment. — The  occurrence  of  such  cases  is  prevented  by  care 
during  convalescence,  by  attention  to  thrush  or  carious  teeth.  System- 
atic cleanliness  is  required  to  avoid  excoriations  about  the  umbilicus 
and  genitals.  Immediately  cancrum  oris  is  recognized  by  the  foul 
r  smell,  grayish  slough,  and  brawny  induration,  active  treatment  mu.st  be 
'  adopted.  A  little  chloroform  is  generally  given,  unless  there  is  marked 
drowsiness,  when  chloroform  is  not  only  superfluous  but  dangerous. 
The  head  must  hang  low,  so  that  no  slough  may  be  inhaled,  and  the 
mouth  well  opened  by  a  gag.  Then  as  much  as  possible  of  the  slough 
LIS  cut  or  scraped  away  until  vascular  tissue  is  reached,  without  going 
Vbx  enough  to  excite  severe  hemorrhage.  This  may  include  the  re- 
[  moval  of  the  alveolar  portion  of  the  upper  or  lower  jaw,  if  it  is  dead. 
Then  the  walls  of  the  cavity  left  by  removing  the  slough  are  scrubbed 
with  pure  carbolic  acid  or  0.5  per  cent.  (2  :  lOOo)  perchlorid  of  mer- 
cur>'.  Care  should  be  taken  not  to  use  an  excess  of  the  antiseptic,  to 
gu;ird  the  throat  by  a  sponge  on  a  holder,  and  to  keep  the  head  low. 
All  the  antiseptic  is  finally  washed  away  with  water.  The  actual  cau- 
tery' may  be  used  instead,  merely  searing,  not  charring,  living  tissue. 
There  is  no  need  to  apply  fuming  nitric  acid,  since  its  application  is 
much  more  diflicult,  and  it  penetrates  deeply  and  causes  more  pain 
without  being  more  eflficacious  than  the  carbolic  acid  or  sublimate.  A 
gangrenous  patch  involving  the  tonsil  of  a  child  was  checked  at  once 
by  applying  pure  carbolic  acid.  Iodoform  gauze  is  used  as  a  dressing, 
along  with  frequent  irrigations  of  permanganate  of  potash.  Alter- 
nately, cavities  are  filled  with  gauze  saturated  with  I  or  2  per  cent, 
of  the  permanganate.  Portions  of  the  lost  jaw  may  be  later  on 
replaced  by  new  bone ;  a  perforated  cheek,  or  one  in  which  the  jaw 
tends  to  become  closed  by  the  contracture  of  scar-tissue,  is  repaired  by 
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plastic  operations.  Gangrene  of  the  vulva  may  lead  to  severe  hemor- 
rhage:, necrosis  of  the  pubes,  etc.  It  is  treated  as  above,  the  resulting 
cavity  beiny  well  plugged.  An  infant  is  not  likely  to  survive  gangrene 
of  the  umbilicus,  but  it  should  be  treated  promptly,  in  tlie  way  above 
described,  to  prevent  perforation  of  the  peritoneum. 

Phagedena — Hospital  Gangrene  (see  Chapter  VII.). — This  form 
of  infectious  gangrene  is  now  most  frequently  .seen  as  a  complication  of 
venereal  disease  and  of  ulcerated  legs,  and  is  under  the  former  circum- 
stances transmitted  by  direct  inoculation.  The  glans  maybe  destroyed, 
or  a  part  or  whole  of  titc  penis,  and  the  skin  of  the  scrotum.  It  may 
extend  back  through  the  perineum  and  perforate  the  rectum.  In  the 
female  it  may  spread  to  the  bladder.  If  it  attacks  a  suppurating  bubo, 
the  ulcer  may  quickly  perf'orate  into  the  large  blood-vessels.  A 
phagedenic  ulcer  of  the  leg  commences  to  extend  rapidly  round  the 
leg  and  excavate  more  deeply,  so  as  to  expose  the  bone. 

Phagedena  is  probably  caused  by  a  special  bacillus  inocufable  on 
human  beings,'  The  surface  of  a  wound  becomes  covered  with  gray- 
ish-green sloughs  and  stinking  pus.  It  is  often  a  mixed  infection,  ery- 
sipelatous gangrene  rapidly  extending  in  the  neighboring  skin  and 
tissues. 

If  phagedena  is  threatening,  the  sore  should  be  painted  with  pure 
carbolic  acid.  In  a  marked  and  extending  case  the  patient  is  anesthe- 
tized, and  all  the  slough  scraped  away.  Then  pure  carbolic  acid  is 
well  rubbed  in;  finally  all  the  carbolic  acid  is  washed  away  with  pure 
water.  The  pure  carbolic  acid  will  arrest  the  phagedena  at  once ;  it 
does  not  penetrate  the  healthy  tissues,  and  owing  to  its  analgesic  prop- 
erties causes  little  pain.  Caustics  like  nitric  acid,  caustic  potash,  arsenic, 
or  chlorid  of  zinc  are  difficult  to  limit  and  give  much  pain.  The  actual 
cautery  may  be  used,  as  it  can  be  exactly  applied;  but  it  should  scar, 
not  char.  The  ulcer  is  dressed  with  iodoform  gauze,  with  gauze  wrung 
out  of  I  or  2  per  cent,  permanganate,  or  by  boric-acid  fomentations,  to 
which  opium  may  be  added  to  relieve  pain. 

Bed-sores,  or  Decubitus. — A  bed-sore  is  a  gangrenous  ulcer  to 
which  a  patient  whose  circulation  is  weak  is  liable  owing  to  continual 
pressure  and  to  the  irritation  of  the  skin  by  dirt  and  sweat.  It  is  nearly 
always  due  to  the  absence  of  proper  medical  attention  and  nursing. 
The  older  and  more  helpless  the  patient,  the  greater  the  liability  to 
bed-sores.  They  are  the  most  difficult  to  prevent  in  the  delirious,  the 
paralyzed,  and  the  in.sane.  Yet  no  bed-sore  of  an  extensive  kind  can 
be  looked  upon  as  inevitable.  Paralysis  due  to  injury  or  disease  of 
the  spinal  cord  is  not  necessarily  followed  by  bed-sores.  Public  infirm- 
aries and  asylums  now  record  the  number  of  bed-sores  which  occur, 
and.  owing  to  the  advance  in  the  standard  of  nursing,  the  number  of 
bed-sores  in  such  institutions  is  becoming  a  vanishing  quantity. 

Bed-sores  occur  on  the  sacrum  or  buttocks  owing  to  pressure  in 
the  dorsal  position,  over  the  great  trochanter  from  lying  on  the  side, 
over  the  anterior  iliac  spine,  knee,  dorsum  of  the  foot,  etc.,  from  the 
pressure  of  the  bed-clothes.  Bed-sores  arc  seen  higher  up  on  the  spine 
or  between  the  shoulders  when  the  spine  is  curved  or  when  there  is  a 
ridge  in  the  bed.  Sores  may  be  seen  over  the  elbow.s  or  even  over  the 
'  Vincent  and  Cayon,  Anuala  dt  I'  InsHtuI  PaiUur,  1896,  1.  x.,  pp.  489,  661. 
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occiput  from  unduly  resting  on  these  bony  promintMices.  Sores  appear 
on  the  point  of  llic  heel,  over  the  malleoli,  or  on  the  side  of  the  knee 
or  elbow  from  the  pressure  of  a  splint.  The  upper  end  of  the  splint 
may  press  on  the  patient's  buttocks,  into  his  fork,  or  into  lijs  armpit, 
and  so  cause  a  sloughing  sore. 

The  prevention  of  bed-sores  is  an  essential  part  of  good  nursing. 
The  bed  should  be  made  with  a  firm  smooth  maltrcs.s.  not  a  feather- 
bed ;  the  under  sheet  and  blanket  must  be  changed  before  they  are 
saturated  with  sweat.  The  draw  sheet  Is  spread  free  from  creases,  de- 
pressions, or  prominences,  and  foreign  bodies,  such  as  bread  crumbs, 
are  kept  out.  Rut  the  great  preventive  is  the  washing  of  the  places 
liable  to  pressure  with  hot  water,  soap,  and  flannel  or  sponge,  laving 
with  clean  «-ater,  and  completely  dr^-ing  with  a  smooth  warmed  towel. 
Most  weakly  patients  confined  to  bed  require  such  a  washing  twice  a 
day,  and  it  may  have  to  be  done  much  oftcner,  indeed,  every  three 
hours.  The  urine,  feces,  and  discharges  from  wounds  should  be  ab- 
sorbed before  the  bed  is  soiled.     The  urine  of  a  man  can  be  received 
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into  a  flask-shaped  urinal,  that  of  a  little  boy  into  a  smaller  vessel,  such 
as  a  large  test-tube.  Urine  coming  through  a  perineal  wound  or  from 
a  female  with  incontinence  is  received  into  a  pad  of  wool  or  compressed 
moss,  which  must  be  changed  before  it  is  saturated.  Incontinence  of 
urine  maybe  much  relieved  by  aseptic  catheterism  and  irrigation  of  the 
bladder.  The  feces  should  be  removed  as  soon  as  passed,  by  anticipating 
the  patient's  need  for  the  bed-pan,  by  regulating  the  bowels  with  aperients, 
by  administering  a  cleansing  enema  daily  to  remove  scybala,  and.  when 
there  is  complete  incontinence,  by  frequently  changing  the  pad  receiv- 
ing them.  As  supplements  to  hot  soap  and  water,  but  by  no  means  as 
substitutes,  tuqicnline  or  ether  may  be  used  to  aid  in  removing  excess 
of  .sweat  and  dirt;  lotions  of  lead  acetate,  of  zinc  chlorid,  of  silver 
nitrate,  or  of  spirit  harden  the  skin.  After  complete  dr>'ing,  a  dusting 
powder  of  zinc  oxid  and  starch  may  be  applied,  but  irritating  cakes 
will  form  if  there  is  any  moisture. 

A  prostrate  patient  requires  to  be  frequently  turned  to  one  side  or 
the  other;  young  people  may  be  even  turned  on  to  the  face.     Pressure 
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is  also  taken  off  by  pillows,  air-cushions,  and  water-beds  of  various 
kinds. 

The  surg'eon  also  has  to  direct  his  attention  to  avoiding  bed-sores. 
He  has  to  see  that  the  nurse  is  assi.sted  in  turning,  lifting,  and  cleaning 
the  patient,  especially  when  he  Is  beavy,  and  an  arrangement  with  pul- 
leys may  be  needed.  The  surgeon  must  also  modify  his  treatment  of 
the  patient  with  this  object ;  ill-fitting  plaster  jackets  or  splints  should 
be  changed;  a  child  with  hip-joint  disease  must  have  both  legs  fixed 
on  side-splints  (Hamilton's)  sufficiently  wide  apart  to  be  easily  cleaned  ; 
an  old  woman  with  an  intracapsular  fracture  of  the  femur  should  be 
got  up  into  a  chair  in  spite  of  there  being  no  union. 

Signs  and  Treatment  of  a  Bed-sore. — The  skin  fails  to  quickly 
regain  its  normal  color  when  pressure  is  released.  Instead,  it  is  of  a 
dusky  red  which  docs  not  disapjicar  under  the  finger  pressure ;  the  skin 
feels  rigid  and  thicker  than  normal.  The  epidermis  becomes  detached, 
exposing  the  papilla:.  At  this  stage  recovery  is  still  possible.  If  the 
unfavorable  conditions  persist,  the  skin  becomes  gangrenous.  If  the 
part  pressed  on  is  first  rendered  anemic,  the  slough  is  grayish  white; 
if  there  is  beforehand  the  dusky  red  of  venous  congestion,  a  greenish 
slough  forms.  When  gangrene  has  not  definitely  .set  in,  the  treatment 
above  noted  should  be  continued,  and  it  may  ser\'e  to  limit  the  extent 
of  the  bed-sore.  But  wlien  the  skin  is  clearly  dead,  the  sooner  it  is 
cut  away  the  better,  after  which  the  sore  is  frequently  washed,  and 
dusted  with  iodoform  and  drcs.sed  with  gauze.  Should  there  be  any 
sign  of  phagedena,  pure  carbolic  acid  may  be  painted  on.  The  fre- 
quent antiseptic  dressings  should  produce  a  healthy  granulating  sur- 
face, and  then  the  ulcer,  if  large,  may  be  covered  in  with  skin-grafts. 
If,  after  the  removal  of  the  sloughs,  granulations  are  slow  in  forming, 
astringent  lotions  may  be  used  to  hasten  the  proce.ss.  A  young  patient 
covered  by  numerous  sores  may  be  kept  immersed  in  a  bath  with  a 
swim-collar  round  his  neck.  The  water  requires  frequent  changing, 
and  permanganate  of  potash  or  boric  acid  may  be  added. 

Extensive  bed-sores  are  met  with  in  exhausted  patients.  If  not 
actively  treated,  the  ulceration  may  spread  to  the  .spinal  meninges  and 
set  up  fatal  meningitis.  It  may  be  complicated  by  sloughing  of  the 
bladder,  septic  pneumonia,  etc. 


CHAPTER    X. 
SURGICAL  TUBERCULOSIS, 


Definition. — Tuberculosis  has  been  defined  to  be  (Watson  Cheyne) 
"an  infective  disease  due  to  the  growth  in  the  tissues  of  a  parasitic 
micro-organism,  the  tubercle  bacillus."  ( liV/c  Chap.  1.)  Its  histological 
characteristic  is  a  tissue  of  new-formation,  occurring  in  either  a  nodular 
formation  (the  classic  tubercle)  or  as  a  diffuse  infiltration  (Nelaton),  in 
which  are  found  the  essential  "epithelioid  cells,"  combined  or  not  with 
"  giant  cells,"  This  new  tissue  presents  a  marked  tendency  to  undergo 
a  special  form  of  degeneration — anemic  and  coagulation-  or  toxin- 
necrosi.s — termed  caseation,  and  to  excite  a  chronic  form  of  infiam- 
matinn  around  it. 

Frequency. — In  former  times  the  subject  of  tuberculosis  was  com- 
monly relegated  to  the  physician  ;  but.  since  the  establishment  of  the 
identity  of  scrofula  and  tuberculosis,  the  ravages  of  the  tubercle 
bacillus  furnish  to  the  modem  surgeon  at  least  one-quarter  of  his 
work. 

Incidence. — Almost  every  organ  of  the  body  may  be  invaded  by 
tubercle;  but  in  some  its  frequency  is  great,  while  in  others  it  occurs 
but  rarely.  Amongst  the  former  may  be  mentioned  the  Ij-mph-g lands, 
the  brain  and  its  envelopes,  the  lungs,  pleurae,  and  peritoneum,  the 
bones,  joints,  and  testicles ;  and  amongst  the  latter  the  muscles,  ovaries, 
pancreas,  and  the  thyroid  gland.  While  the  Bacillus  tuberculosis  con- 
stitutes the  seed  of  the  disease,  a  special  "abnormal  vulnerability" 
(Virchow)  of  the  lymphatic  tissue  affords  a  favorable  soil  for  its  fruition. 
This  is  the  body  state  described  by  the  older  writers  as  the  strumous 
or  scrofulous  diathesis,  a  state  which  may  be  either  inherited  or 
acquired.  This  same  state  likewise  increases  the  susceptibility  of  the 
sj'stcm  to  other  infections  than  the  tuberculous,  such  as  the  syphilitic 
and  the  so-called  zymotic.  Different  physical  types  have  been  ingeni- 
ously described  as  associated  with  this  condition.  They  are  two — the 
feir  and  the  dark  ;  and  usually  each  of  these  presents  two  varieties — 
the  fine  or  sanguine,  and  the  coarse  or  phlegmatic.  In  the  late  Sir 
John    F.richscn's  textbook   they  are  thus  briefly  and  well  de-scribed : 

"The  moM  cominoii  is  rhal  which  occurs  in  persons  with  fair.  soft,  and  Eransparcnl  skins, 
hninK  blue  «yet  with  Urge  pupils.  ti(!hl  hair.  Ia|)rdne  lingers,  ami  line  while  leelli  ;  whose 
twADty.  indeed,  iv  often  f[Tcat,  t-,ppcia\\y  in  early  lift^.  hcinf  dependent  raihcr  on  roundness  of 
oollioe  than  Krace  of  fonn.  and  whi)>e  gmwlh  is  rapid  .-ind  |ii<TiK'i<>us.  tn  thrse  individuals 
the  affections  ate  ilrong  nikcL  ihe  procrealive  power  eon.'^iderable  ;  the  menial  aclivily  is  also 
fiCBI.  and  U  usuall)'  chaniclenied  bv  miich  delicacy  nnd  mrtnes^  of  fectiriK,  n">]  vivacity 
of  inlellect.  Indeed,  il  wimfd  ii|i[>car  thai  in  *uth  pemirs  ns  Ihe^e.  the  nulrilive.  the  pro- 
CRAtive,  aiid  ihe  mental  |Hiwet<  are  rapidly  and  energetically  developed  in  early  life,  but 
btcome  pro|xirtinnnlcly  early  exhausted.      Cif,'  mii/urui.  ,-ilo  fntrulus- 

'*  In  jmotheT  variety  of  Ihe  fair  urofulou^  lemp<:r]inicnt  we  lind  a  coarse  ^kin,  short  and 
IMndrd  feature],  li|;hl  gny  cye»,  crisp  and  curly  sandy  hair,  and  short  and  suiiicwhat 
UDgainlf  itature,  and  club  lingcrt;  bul  uol  uncommonly,  as  in  the  former  vohely,  great  and 
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early  menial  nclivity.  and  cjccasioimlly  much  musrulnr  slrenglh.  In  ihe  dark  foim  of  scrof- 
ulous lemperameol  we  usually  tiud  n  uioTe  heavy,  sullen,  and  forbidding  appearance  ;  a  dark, 
cuarse,  ^lluw  01  gcayi^ili-louking  skin  ;  shun,  tliick,  and  harsh  curly  hair ;  a  small  slolure, 
but  often  a  powerful  and  strong-limbed  frame;  with  a  certain  degree  of  torpor  or  languor 
of  the  mciitnl  faculties,  though  the  powers  of  the  intellect  are  remarkably  developed.  The 
other  dark  strumous  lemperamenl  is  characleriied  by  tlear,  dark,  eyes,  hue  hair,  sallow 
skin,  and  by  a  inetilal  and  physical  organization  that  closely  resembles  the  first-described 
variety  of  the  foir  strumous  diathesis." 

Frederick  Treves  regards  the  members  of  the  sanguine  type  as 
those  who  have  inherited  the  conditiun ;  the  phlegmatic  as  having 
acquired  it  from  the  neglect  of  hygiene  in  their  environment. 

Age. — All  periods  of  life  arc  subject  to  tuberculosis,  but  the  inci- 
dence of  the  surgical  aspect  of  the  affection  is  largely  in  childhood,  the 
strumous  glands  and  bone  and  joint  affections  occurring  most  fre- 
quently, though  by  no  means  exclusively  in  this  period.  The  other 
extreme  of  life  also  manifests  a  liability  to  the  affection,  and  "senile 
tuberculosis"  and  "senile  scrofula,"  which  are  now  interchangeable 
terms,  are  met  with  from  time  to  time.  The  affection  may  have  per- 
si.sted  or  remained  latent  from  early  hfe,  or  may  have  begun  de  novo. 
The  form  most  frequently  assumed  is  bone  or  tendon  disease  {fre- 
quently about  the  wrist,  when  the  well-known  pulmonary  association 
is  .stilt  manifest);  but  cervical  glandular  enlargements  and  other  local- 
ization.s  occur. 

Histology  of  Tubercle. — The  term  tubercle,  meaning  a  nodule, 
or  little  node,  has  in  former  times  been  applied  to  three  different 
stages  of  the  one  inflammatory  process,  and  thus  three  different  forma 
have  been  described.  The  crude  tubercle  was  the  name  applied  by 
Laennec  to  the  gross,  macroscopic  node  oK yeliow  color  which  resulted 
from  the  caseation  of  many  coalesced  gray  nodules  ;  while  each  gray 
nodule  visible  to  the  naked  eye,  and  having  approximately  the  appear- 
ance of  a  millet  seed  (milium)  while  newly  formed,  and  not  having 
undergone  fatty  disintegration  and  caseous  degeneration,  was  termed 
a  gray,  or  tniliary,  tubercle.  The  microscope  soon  revealed  the  fact 
that  each  such  miliarj'  tubercle  was  composed  of  an  aggregation  of 
minute,  invisible,  gray,  translucent  masses  of  a  similar  character,  for 
the  designation  of  which  the  term  submitiary  tubercle  was  coined;  and 
for  which  the  histological  name  tubercle  should  be  reserved  to-day. 

The  tubercle  is  a  histological  entity  or  neoplasm  (infective  granu- 
loma) of  inflammatory  origin,  resulting  from  irritation  of  the  invaded 
tissue  cells  by  the  Bacillus  tuberculosis  or  its  toxins.  Virchow  origi- 
nally taught  that  its  starting  point  was  always  in  the  connective  tissue 
or  other  mcsobla.stic  structure  ;  but  experiment  upon  animals  has 
shown  that  "the  cells  which  are  nearest  the  essential  microbic  cause, 
irrespective  of  their  embryological  origin,  their  histological  structure, 
or  their  physiological  function  "  (Scnn),  arc  the  .seat  of  the  inflamma- 
tory proliferation.  Under  the  microscope  typical  tubercles  can  be 
demonstrated  to  consist  of  three  or,  perhaps,  four  constituent  elements 
— leukocytes,  epithelioid  cells,  giant  cells,  and  a  reticulum.  The  retic- 
ulum of  tubercle,  first  described  by  Wagner  and  Schiippel,  is  now 
regarded  by  mo.st  authorities  as  simply  the  pre-existing  connective 
tissue,  invaded  and  pushed  aside  by  the  new  cells,  and  when  furnished 
with  blood-vessels  it  is  invariably  so.     But  in  some  cases  the  reticulum 
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seems  to  be  formed,  at  least  to  a  large  extent,  by  the  processes  of  the 
epithelioid  cells,  or,  as  Walson  Cheynt  claims,  may  be  simply  dif- 
fraction appearances  due  to  defective  illumination  of  the  specimens. 

As  the  cell-growth  is  most  activt:  at  the  center  of  the  mass,  and  a 
certain  pressure  is  thus  exerted  from  within  outward,  there  is  seen  at 
the  periphery  a  thickening  of  this  network,  amounting  at  times  almost 
to  the  formation  of  a  capsule  (Warren),  which  appearance  is  at  other 
times  due  to  the  endothelial  growth  occurring  within  the  vessel  whose 
wall  furnishes  the  seeming  fibrous  capsule.  The  reticular  fibers  are 
oftentimes  well  marked.  They  appear  to  radiate  from  the  margin  of 
the  central  giant  cell  or  cells,  and  tn  assume  a  concentric  arrangement 
at  the  periphery  of  the  granule.  The  meshes  of  the  reticulum  are 
occupied  by  some  giant  cells,  epithelioid  cells,  and  lymphoid  corpuscles. 
The  whole  is  called  a  "giant-cell  system." 

The  giant  cells  of  tubercle  [inacroeytcs  of  Klebs)  differ  in  nowise 
from  those  found  elsewhere,  as  in  granulation-tissue,  gummata,  sarco- 
mata, the  placenta,  inflamed  serous  membranes,  actinomycosis,  and 
bone-marrow  {the  mycloplaques  of  Robin).  They  are,  probably,  simply 
overgrown  and  plethoric  cells  which,  by  virtue  of  their  ameboid  move- 
ment, have  succeeded  in  taking  up  more  than  their  share  of  the  sur- 
rounding pabulum  in  the  shape  of  fragmented  leukocytes.  They 
present  one  peculiarity,  however,  in  the  arrangement  of  their  nuclei, 
which  tend  to  take  up  a  position  in  the  peripherj'  of  the  cell  with  their 
long  axes  radiating  from  the  center;  sometimes  they  are  "huddled 
together  in  a  semilunar  cluster  at  one  end"  (Treves),  still  preserving, 
for  the  most  part,  however,  their  radiating  axial  arrangement.  Vacuoles 
or  necrotic  foci  are  of  frequent  occurrence  in  giant  cells.  Apparent 
vacuoles  mav  result  from  faintly  stained  or  only  marginally  stained 
nuclei.  The  bacilli  of  tuberculosis,  abundant  enough  in  experimental 
tuberculosis,  but  much  less  numerous  in  human  pathology,  are  found 
within  the  giant  cell,  but  manifest  a  preference  for  its  peripheral  part, 
more  marked  as  central  degeneration  progresses.  This  central  degen- 
eration, called  caseation,  is  a  marked  characteristic  of  the  giant  cell,  and 
consists  in  an  anemic  or  toxic  coagulation-necrosis  of  the  protopla.sm, 
which  has  a  strong  tendency  to  spread  throughout  the  cell,  and  from 
one  giant-cell  system  to  another,  and  thus  to  give  rise  to  coarse  cheesy 
ma.'tses  so  characteristic  of  the  tuberculous  process. 

In  the  absence  of  caseation,  there  arc  a  disappearance  of  the  bacilli, 
a  fibrosis  of  the  cellular  elements,  and  conversion  of  the  tuberculous 
mass  into  cicatricial  tissue.  The  origin  and  significance  of  the  giant 
cclli  have  been  matters  of  much  dispute.  They  have  been  traced  by 
different  observers  to  epithelial  cells,  to  endothelial  cells,  to  connective- 
tissue  cells,  and  to  leukocytes;  while  others  have  denied  their  cellular 
character  and  regarded  them  as  lymph-spaces  filled  with  coagulum, 
with  the  swollen  endothelium  of  their  walls  posing  as  nuclei.  The 
view  of  Baumgarten  is  generally  held,  that  the  giant  cells  result  from 
the  overgrowth  of  the  cell  with  multiplication  of  its  nuclei  without  a 
corresponding  division  of  its  substance — possibly  the  result  of  the  irri- 
tation of  the  bacilli  in  its  interior.  The  fusion  of  several  epithelioid 
ccIN  has  been  invoked  to  explain  the  giant  cell  Welcker.  repeating 
the  cxjxrrimcnts  of  MetschnikofT,  found  "  no  evidence  of  multiple  karyo- 
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kinesis  in  the  epithelioid  cells,  and  questions  this  mode  of  formation 
for  giant  cells.  He  regards  direct  nuclear  division  as  the  most  fre- 
quent mode  of  formation,  but  does  not  exclude  fusion  "  (Hektoen).  So 
far  as  the  significance  of  the  giant  cell  is  concerned,  Baiimgarten  and 
Weigert  regarded  Jt  as  a  stage  in  the  process  of  destruction,  nccrobiotic 
in  its  very  conception ;  while  the  school  of  Metschnikoff,  of  which 
Ludwig  Hektoen  is  the  latest  exponent,  have  marshalled  a  great  deal 
of  evidence  to  prove  that  it  is  a  "  living,  active,  and  defensive  (meso- 
dermal) clement,"  the  function  of  which  is  to  counteract  and  destroy 
bacilli,  and  ultimately  to  play  an  important  part  in  the  development  of 
the  victorious  cicatricial  tissue.  The  giant  cell  is  not  an  essential  or 
invariable  accompaniment  of  tubercle.  In  the  process  of  caseation  it 
is  one  of  the  last  structures  to  disappear. 

The  epithelioid  cells  of  tubercle,  the  platycytcs  of  Klebs,  are 
intermediate  in  size,  and  mostly  in  position  between  the  giant  cells  and 
the  leukocytes,  and  are  two  or  three  times  the  size  of  the  white  blood- 
cell.  They  are  finely  granular,  somewhat  flattened  cells,  with  a  large 
ova!  or  elongated  nucleus,  bearing  some  resemblance  to  an  endothelial 
cell  and  to  certain  epithelial  cells,  which  circumstance  led  Rindfleisch 
to  designate  them  "epithelioid."  They  commonly  have  only  one 
faintly  stained  nucleus,  but  two  or  more  may  be  present.  They  con- 
stitute the  bulk  of  all  recent  tuberculous  nodules,  or  tracts  of  tuber- 
culous infiltration,  and  being  invariably  present,  and  usually  holding 
certain  definite  relations  to  the  tubercle  bacilli,  may  be  properly 
regarded  as  the  essential  histological  element  of  tubercle. 

Chryne  asaerl*  ihat  the  (juickest  woy  lo  find  tuliercle  in  nny  g'^^"  lissue  is  to  sciirch 
Vfilh  a  low  power  (or  trains  cif  epiilielioid  cells,  and  lo  took  amongsl  these  for  the  bacilli, 
which  are  easily  to  he  found  in  or  among  tlicm — in  his  opinion,  commonly  witliin  them— 
while  the  inflammatotv  cells  heyond  arc  void  of  organisms.  Ah  in  the  giant  cells,  the 
hacilli,  when  iiresent,  allecl  the  neighborhood  of  the  nucleus  of  the  tjiilhelioid  cells.  In 
further  support  of  the  view  that  the  epithelioid  cell  is  the  essentia!  element  of  tubercle, 
Bauingatteu  has  foutid  in  tuberculous  tissue  tiudenr  division  only  in  the  epithelioid  cells. 
l*he  sources  of  these  cells  arc  various,  an<i  they  may  be  derived  from  the  epithelium,  from 
the  endothelium  of  blood-  nn<t  lymph -channels,  and  from  the  ti'suc  and  pinsma-eclls  of  the 
invaded  structures. 

Caseation  often  affects  the  epithelioid  cells,  but  it  does  not  usually 
begin  in  them,  commencing  more  often  in  the  intercellular  substance 
of  the  giant  cell.  In  the  process  of  healing  they  atrophy  and  are  con- 
verted into  fibrous  tissue. 

The  leukocytes,  or  lymphoid  corpuscles,  are  the  remaining  element 
of  the  tuberculous  nodule  to  be  considered,  and  their  presence  is  a 
convincing  proof  of  the  inflammatory  character  of  the  process.  They 
are  invariably  present,  and  abundant  in  proportion  to  the  acuteness  of 
the  process,  are  scattered  among  the  other  cellular  elements,  and  con- 
gregate at  the  periphery  of  the  nodule.  Bacilli  are  not  found  among 
them,  except  in  sputum  (J.  J.  Mackenzie},  and  they  undergo  no  trans- 
formation except  degeneration.  They  constitute,  however,  a  cellular 
barrier  around  the  tubercle,  and  are  occasionally  reinforced  by  a  fibrous 
wall,  particularly,  as  has  been  said,  if  the  process  has  occurred  within 
a  vessel.  Cohnheim  and  Ziegler  maintain  tiiat  the  leukocytes  form  the 
bulk  of  the  tubercle  nodule;  the  epithelioid  and  giant  cells  a  minor 
part. 
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It  will  thus  be  seen  that  the  tubercle  is  simply  a  circumscribed, 
inflammatory  nodule,  produced  from  proliferation  of  fixed  tissue-cells, 
slimuldtcd  by  the  presence  of  the  Bacillus  tuberculosis  and  its  toxins, 
and  surrounded  by  the  usual  inflammatory  exudate  of  leukocjtes. 
Owing,  however,  to  its  infective  character,  it  tends  to  spread  by  con- 
stant multiplication  of  its  foci;  and  thus  not  only  is  It  locally  infective, 
but  its  virus  may  be  disseminated  from  every  focus  to  distant  parts  by 
the  lymph-  and  blood-currents.  It  may  also  be  conveyed  from  man  to 
animals,  from  animals  to  man,  and  from  man  to  man.  This  tendency 
to  the  formation  of  fresh  tubercles  is  one  of  the  chief  and  distinctive 
characteristics  of  tuberculosis ;  and  each  tubercle  (nodulation  or  infiltra- 
tion) is  in  its  time  destined  to  retrogressive  change. 

Three  chief  forms  of  degeneration  are  described :  {«)  Simple  atrophy 
and  disappearance  of  the  tubercle;  I ^)  rapid  caseation  and  breaking 
down,  often  leading  to  what  is  termed  suppuration  (chemical  and  cold) ; 
and  (>)  slower  degenerative  changes,  generally  ending  in  some  degree 
of  calcification,  the  deposit  of  lime  salts  following  upon  the  process  of 
caseation. 

Channels  by  which  the  Virus  Enters  the  System. — That  the 
Bacillus  tuberculosis  may  pass  from  the  mother  to  the  fetus  in  titero 
has  been  indisputably  established,  by  direct  obser\'ation  in  both  animals 
and  man   more  than   once,  since   Baumgarten   asserted  its  possibility; 
but  that  it  does  so  with  infinite  rarity  the  accumulated  evidence  also 
establishes.     This  mode  of  propagation  may  therefore  be  practically 
disregarded.    What  is  undoubtedly  acquired  by  heredity,  however,  is  a 
peculiar  susceptibility  of  the  tissues  of  the  body  (fluid  and  .solid)  to  the 
tuberculous  irritant,  a  condition  which  affords  a  favorable  nidus  for  the 
.development  of  the  germ.      The    route  by  which  the  tubercle-germ 
titers  the  system  most  frequently  is,  probably,  the  respiratory  passage, 
land,  next  in  frequency,  with  a  common  avenue  of  approach,  is  the 
digestive  tract     In  the  former  case,  dust  infected  with  dried  sputum  is 
the  likely  vehicle  of  the  contagium;  and  in  the  latter,  tuberculized 
articles  of  food,  such  as  meat,  milk,  and  water;  and  the  mucous  mem- 
brane of  the  nose  may  be  infected  by  a  soiled  handkerchief  or  towel. 
.Catarrhal  and  other  subacute  inflammatory  states  of  these  passages  facil- 
Mtate  the  ingress  of  the  germ.     Abrasions  and  inflammatorj-  lesions  of 
the  skin  afford  an  avenue  of  access  through  this  protective  integument; 
and  the  mucous  membranes  of  the  genito-urinarj"  and  alimentary  tracts 
may  be  infected  by  accidental  contact  with  germ-laden  substances,  or 
secretions,  or  by  un.sterilized  instruments  in  the  hands  of  the  surgeon, 
accoucheur,  or  dentist.    Piercing  the  ears,  tattooing  of  the  skin,  wounds 
.of  the  fingers  by  conlagium-bearing  china,  the  rite  of  circumcision,  and 
[various  minor  lesions  of  the  integument  have  all  afforded  e-xamples  of 
[infection  thus  conveyed  ;  and  Laennec  himself  succumbed  to  phthisis 
'  in  later  years,  induced  by  an  accidental  wound  of  the  finger  incurred  in 
ihc  examination  of  a  body  dead  of  spinal  tuberculosis. 

The  general  treatment  of  tnbercnlosis  must  be  based  upon 

icommon  sense  and  what  wl-  know  of  the  life  history  of  the  germ  and 
nature's  mode  of  dealing  with  it.  Since  it  is  impossible  always  to  con- 
trol the  dissemination  of  the  seed,  much  attention  must  be  directed  to 
rendering  the  soil   unsuitable  for  its  fructiflcation.     This,  it  is  hardly 
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necessary  to  say,  can  be  best  effected  by  general  and  personal  hygiene, 
and  living  as  nearly  continuously  as  possible  in  the  open  air,  without 
incurring  exposure  to  loo  extreme  or  sudden  vicissitudes  of  tempera- 
ture. In  this  respect  the  oblivious  third  of  life  spent  in  sleep  demands 
at  least  equal  care  and  su])ervision  with  the  waking  hours ;  and  the 
securing  of  an  uninterrupted  and  unlimited  supply  of  pure,  fresh  air, 
unattended  with  draughts,  throughout  the  night,  should  be  for  and  on 
behalf  of  the  tuberculous  patient  the  object  of  earnest  and  constant 
solicitude.  The  maximum  amount  of  sunlight,  the  virtue  of  which, 
locally  applied,  should  not  be  forgotten,  should  be  sedulously  sought. 
To  complete  the  "  trinity  of  healing  graces,"  an  abundant  supply  of 
wholesome,  assimilable  food  may  well  be  added. 

Dryness  and  porosity  of  the  soil,  remoteness  from  the  bed  of 
streams  and  luxurious  vegetation,  propinquity  to  the  sea  or  the  moun- 
tain top,  are  conditions  of  environment  much  to  be  desired. 

Amongst  drugs  which,  under  varying  conditions,  prove  of  service 
may  be  mentioned  iron,  manganese,  quinin  and  strychnin,  iodin,  chlorin, 
and  phosphorus,  with  their  potash,  soda  and  lime  salts,  creosote  and 
guaiacol,  cod-liver  oil  and  ichthyol.  protonuclein  and  methylene  blue, 
and  the  whole  host  of  antiseptics  ;  but  any  or  all  of  these,  in  the  absence 
of  the  first-named  trinity — free  air,  free  sunshine,  free  nutrition — are 
broken  reeds  indeed. 

Surgically,  all  causes  of  local  irritation  and  disease — carious  teeth, 
chronically  enlarged  tonsils,  cutaneous  eruptions,  parasites,  catarrhs, 
ulcerations,  and  what  not — should  be  carefully  sought  for  and  speedily 
removed,  as  giving  rise  to  conditions  markedly  favoring  the  localization 
and  the  fructification  of  the  germs;  while,  on  the  other  hand,  local 
fixity  and  rest  (wherever  the  affected  part  may  be),  uninijieded  cir- 
culation, asepticity,  and  whatever  other  conditions  may  be  favorable 
to  cicatrization  must  be  promptly  enforced  as  powerfully  tending  to 
assist  the  tissues  in  combating  the  invaders  of  their  peace  and  .sanctity. 
Furthermore,  bearing  in  mind  that  the  natural  mode  of  cure  is  by 
fibrosis  when  possible  and  by  ulceration  when  necessary,  it  is  clear  that 
so  soon  as  it  becomes  apparent  that  natural  efforts  at  cicatrization,  fa- 
vored by  such  means  of  art  as  tend  to  sclerogenesis,  are  likely  to  prove 
unequal  to  the  task,  eradication  of  the  local  lesion  at  the  surgeon's 
hands  is  urgently  demanded.  This  may  be  effected  by  fire  and  sword. 
When  possible,  complete  ablation  with  full  antiseptic  care  and  primary 
union  is  much  to  be  preferred.  But  where  the  local  conditions  render 
this  impossible  or  inadmissible,  free  excision,  with  removal  of  under- 
mined and  infected  skin,  and  thorough  scraping  of  the  affected  focus, 
may  he  hopefully  resorted  to.  This  should  be  followed  by  swabbing 
with  chlorid-of-zinc  solution  (40  grains — 2.6  gm. — to  the  ounce),  or 
with  pure  carbolic  acid,  penetrating  all  recesses,  nooks,  and  crannies, 
and  afterward  by  packing  with  sterilized  iodoform  and  iodoform  gauze, 
with  a  large  antiseptic  dressing,  and  fixation  by  splintage,  where  avail- 
able. Under  these  circumstances,  recovery  is  much  slower,  and  may 
be  interrupted  by  recrudescences  and  relapses,  demanding  a  repetition 
of  the  treatment. 
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Gfneral. — {a)  Lupus  i  (j5)  tuberculosis  vera  cutis;  (y)  scrofuloderma. 

Local. — These  are  essentially  localized — that  is,  unassociated  with 
general  tuberculosis;  and  Zeisler  describes  four  varieties:  {a)  Verruca 
necrogenica  (anatomical  tubercle);  (i)  tuberculosis  verrucosa  cutis; 
((■)  tuberculosis  papillomatosa  cutis;  (rf)  tuberculous  ulcerations  of 
skin,  of  tongue,  of  pharynx  and  larynx,  of  different  parts  of  the  ali- 
mentary tract,  including  fistula  in  ano. 

Lupus  Vulgaris. — Senn  makes  the  statement  that  "all  forms 
of  priniar)'  tuberculosis  of  the  skin  are  the  result  of  direct  inoculation 
with  tubercle  bacilli";  and  if  we  could  accept  this  dictum  implicitly 
and  without  reserve,  then  we  should  agree  with  what  he  says  about  the 
description  given  of  the  different  forms  of  tuberculosis  of  the  skin- 
viz.:  "It  is  time  that  these  immaterial  and  unimportant  distinctions 
should  be  set  aside,  and  these  different  affections  should  be  included 
under  one  head,  as  primary  tuberculosis  of  Uie  skin,  since  all  of  them 
present  the  same  histological  structure,  and  all  are  caused  by  direct 
inoculation  with  tubercle  bacilli."  But  "Jonathan  Hutchinson  does 
not  accept  the  inoculation  of  the  tubercle  bacillus  from  witfioiit  as  an 
ordinary  cause  of  lupus.  It  seems  to  him  far  from  probable  that  the 
parasite  exists  during  long  periods  in  a  state  of  latency,  from  which 
any  local  injurj*  may  arouse  it  Into  a  state  of  activity."  All,  however, 
are  agreed  upon  the  causative  agency  of  the  Bacillus  tuberculosis. 
This  was  foreshadowed  clinically  for  a  long  time  before  the  demonstra- 
tion was  forthcoming.  Thus  Hebra  and  Fuchs  agreed  with  the  leading 
French  and  English  authors  who  taught  that  lupus  was  one  of  the 
manifestations  of  scrofula,  and  that  anatomically  it  was  composed  of 
granulation-tissue. 

Virchow.  Rindflcisch.  Huetcr,  and  many  ollicrs  very  nearly  nppnwched  ihe  (nilh,  Sut 
Fncdt&ndci  was  the  lim  lu  I'^um  po^ilively  iL>  tulKTculous  chaniclpr  and  In  demonstralc  ihe 
picsencc  of  roiluii^r  lubercle  in  il.  The  crucial  tesi  of  bactenDli^ca.1  experiment  has  beeu 
decisive. 

The  artificial  lubcicutngi  prDduced  in  onimnls  by  implnntation  of  lupoid  tissue  hu  been 
I(«hI  \pj  numerous  iuvcsligntors  to  conlnin  Ihe  Batillui  tuhereiilosis. 

"  The  characteristic  and  primary  feature  of  lupus  is  a  reddish-broicn, 
or  pinkish,  or  yillmvish  nodule,  becoming  paler  but  not  disappearing 
on  pressure,  of  .soft  consistency  when  pres.sed  upon  by  a  blunt  instru- 
ment, situated  beneath  the  epidermal  layers  of  the  corium  "  (Bowen). 
This  nodule,  or  lupoma.  varies  in  size,  pursues  a  slow  and  chronic 
course,  and  in  its  evolution  or  involution  presetits  a  variety  of  apjxjar- 
^ances  characterizing  the  different  forms  of  lupus. 

I^loir  sffinni  thai  at  the  ksI  of  Ihe  diseaw  UclJle  lensibility  is  diminisbrd  and  the  local 
,lrni|>mture  nti«ed.  If  ihe  nodule  \%  not  raised  above  ihe  surfire  and  is  hnnlly  perceptible 
!  In  ihe  lout h.  iiii  termed  liifus  mnni/niiit.  The  macular  form  may  lie  prt*ervcd  Ihrougbiiul,  or 
I  Ihe  nodule  may  gntw  inlti  elevations  perceptible  In  Ihe  iimch,  givinR  rise  to  wliiit  is  leimed 
I  i^mi  //tff.     When  many  such  nodulet  have  conli^sced  into  a   ma)A.  the  sweDinf;  has  been 

tinned  /Kfiui  /Ihhii/hi.      If  these  patches  du  mil  ulcerate,  11   process  of  involution  and  con- 

Itidiun  occun,  the  nodule  shrinking  uji,  and  Ihe  ovi-tlyiii^  epidconis  con$e<)Uently  become! 

thichrr  anil  scaly,     /.m/^h  rxf<<liatnvi  is  thus  produced.  teiHling  lo  end  in  ■  cic«lricinl  con. 

(nrikm. 

The  original  lupus  nodule  is  apt  to  be  attended  by  a  circle  of  satel- 
lites, and,  the  central  portions  undergoing  absorption  and  cicatrization 
It 
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while  the  periphery  is  breaking  down  and  spreading  irregularly,  a  very 
common,  important,  and  intractable  clinical  variety  arises,  which  is  of 
long  duration,  higlily  deforming,  resistant  to  treatment,  and  called 
lupus  scrfiiginosus. 

When,  on  the  other  hand,  the  process  of  softening  and  breaking 
down  from  necrobiosis  occurs,  the  variety  termed  lupus  exulcerans  or 
lupus  excdcus  is  developed.  The  so-called  ulcers  thus  arising  are  often- 
times covered  with  crusts  composed  of  the  cheesy  material  of  the 
degenerated  tuberculous  tissue,  and  oftentimes  the  products  of  second- 
ary septic  infection,  and  a  condition  arises  sometimes  closely  resembling 
eczema  impetiginosum.  When  the  crusts  are  removed,  the  lupus  ulcer 
is  seen  to  present  soft,  reddish  borders,  and  a  red  or  grayish,  granular 
base,  painless  and  insensitive,  and  of  soft  consistency.  Sometimes  an 
exuberant  granular  growth  occurs  and  large  fungoid  masses  are  devel- 
oped, giving  rise  to  lupus  papillaris  vvrrucosus,  the  favorite  seat  of 
which  is  the  nose.  Lupus  vorax  and  Ivpus  phagcdenique  are  classifica- 
tions descriptive  of  the  extent  and  depth  of  the  ulcer.  Lupus  is 
impartially  destructive  in  its  progress,  and  all  tissues  are  in  turn  de- 
stroyed— cartilage,  particularly,  falling  an  easy  prey. 

Localities — The  face  is  the  favorite  site  for  all  forms,  the  nose 
especially;  and  of  this  organ,  particularly  the  aljc,  and  sometimes  the 
mucous  membrane,  where  it  oftentimes  exists  as  an  obstinate  crusting. 
The  cartilaginous  septum  is  attacked  with  avidity, but  the  bone  not  so; 
whence  results  the  appearance  described  as  the  "  lopped-off"  nose  of 
lupus,  as  distinguished  from  the  "sunken-in"  nose  of  syphilis.  The 
cheeks,  lips,  and  ears  are  frequently  attacked,  the  external  auditory 
canal  and  menibrana  tympani  occasionally.  Lupus  of  the  forehead 
and  scalp  is  rarely  primary,  though  Hebra.  Kaposi,  and  LeSoir  have 
described  one  case  each.  One  writer  has  aptly  said  that  the  disease 
may  spread  anywhere  and  everywhere  until  naught  remains  but  the 
cicatrix  stretched  tightly  over  the  bone,  studded  here  and  there  with 
nodules  of  new  disease. 

Lupus  of  the  extremities  is  not  uncommon,  and  is  met  with  next  in 
frequency  to  the  face.  It  is  most  intense  from  the  elbows  and  hands 
downward,  frequently  serpiginous  in  outline,  and  begins  over  the  points 
of  the  articulations,  rarely  upon  the  palms  or  soles.  Great  deformity 
from  cicatricial  contractions,  fistula;,  caries,  necrosis,  and  elephantiasis 
from  obstructed  circulation,  recurrent  lymphangitis,  and  dermatitis  may 
result.  Lupus  of  the  genitalia  is  very  rare.  Hebra  met  with  it  once 
upon  the  penis,  and  Taylor  has  seen  it  on  the  vulva. 

Lupus  of  mucous  iiu'mbrancs  is,  perhaps,  rare  as  a  primary  affection, 
but  secondarily  it  occurs  very  frequently.  Yet  primary  lupus  of  the 
mucous  membrane  of  the  nose  is  not  infrequent,  and  is  often  mistaken 
for  eczema  narium.  Indeed,  Neisser  believes  that  the  most  frequent 
extension  is  from  the  nose  to  the  face.  The  special  characteristics  are 
not  so  marked  in  the  mucous  membranes,  owing  to  the  thin  epithelial 
covering  not  offering  much  resistance  to  the  infiltration,  and  to  the 
constant  maceration  by  the  secretions.  According  to  Chiari  and.Riehl, 
the  lupus  nodule  of  the  skin  is  replaced  in  the  mucous  membranes  by 
papillary  excrescences,  and  they  as.sert  that  the  brown-red  impalpable 
nodules  in  the  cicatrix  are  pathognomonic.    Lupus  of  the  conjunctival 
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mucous  membrane  is  rare  as  a  primary  aflection,  and  attacks  the  lower 
lid  first.  Lupus  of  the  mouth  and  pharynx  generally  coexists  with 
lupus  of  the  skin.  It  appears  upon  the  gums,  and  Leloir  once  found 
it  on  the  vault.  In  the  tongue  it  is  rare.  In  the  larynx  Leloir  met 
with  it  in  3  per  cent,  of  his  cases;  and  Chiari  and  Riehl's  statistics 
showed  that  the  epiglottis  was  almost  always  affected  (35  out  of  58 
cases). 

Leloir  has  described  a  /«/«*  colloidc  and  myxomaleux  in  which  the 
degenerations  characterized  by  these  names  have  occurred. 

Epithelioma  or  epitheliomatous  change  not  infrequently  complicates 
lupus. 

Diagnosis. — The  diagnostic  features  of  lupus  maybe  said  to  be  the 
youth  of  the  patient,  the  "apple-jelly"  appearance  of  the  nodules,  the 
cicatrization  of  the  center  while  spreading  at  the  margin,  and  the 
tendency  to  relapse. 

The  Prognosis.— Owing  mainly  to  the  difficulty  of  removing  the 
growlh  m  its  favorite  locality — the  face — beyond  the  area  of  local 
infectivity,  the  ultimate  prognosis  i.s  always  dunbtful.  The  prospect 
of  local  improvement  under  judicious  treatment  is  always  good. 

Treatment. — The  general  treatment  of  lupus  is  that  which  is  proper 
for  all  forms  of  tufjerculosis.  In  the  local  treatment  it  would  naturally 
be  expected,  in  view  of  the  character  of  the  affection,  that  excision 
would  prove  the  most  useful  and  satUfactory  remedy.  Practical  expe- 
rience, however,  has  shown  that  this  is  not  the  case,  owing  doubtless  to 
the  before-mentioned  difficulty  of  cutting  wide  of  the  disea.se  in  those 
portions  of  the  body  where  it  most  commonly  occurs.  For  this  reason 
{relapses  in  the  cicatrix  are  not  uncommon  after  excision.  Linear  scar- 
ification has  been  much  lauded  by  Volkmann  in  Germany.  Vidal  in 
France,  and  Balmanno  Squire  in  Kngland.  Curetment  with  a  sharp 
spoon  or  curet.  being  more  generally  applicable  in  all  situations,  has, 
on  the  whole,  given  the  most  satisfactory  results,  when  freely  followed 
by  the  application  of  the  cautery  or  antiseptics  and  iodoform  dressings, 
Bougard's  paste  (cocainized)  occasionally  finds  useful  application  here, 
and  the  thermocautery,  either  along  with  or  following  curettage,  is  a 
valuable  instrument.  Caustics  of  various  kinds,  but  particularly  the 
pointed  stick  of  silver  nitrate  with  which  the  nodules  may  be  indi- 
vidually j>enetrated  and  destroyed,  are  oftentimes  attended  with  satis- 
factory destruction  of  the  growth. 

TubercUlosU  vera  cutis  is  a  rare  nffcction.  always  spcontlory  In  lulierrulosis  of 
mucoui  latmbradci,  nml  i^allcil  hy  ihc  French  uliire  des  fhliiiiquti.  L'hinri  was  the  firsl  lo 
tmicc  IhiK.  <m  Ihf  lower  lip  of  a  cadavtr,  and  Jari^h  inira  t-ilam.  The  location  r^  almost 
aclunVFly  al  the  junclion  of  ikin  and  mucous  membrnne  \  bul  Jartsch,  l.eloir.  and  Valtas 
have  rcportol  instances  eliewhere.  The  characlcriilie  appearances  arc  simple  shalloi*  ulcers 
vilh  efl^es  made  up  of  snail  jagged  indenlalions,  rfrsultiog  from  (he  degcneralion  of  mili- 
iir  tultctclo.  giving  »  "  gtiaweil-oul "'  appearance.  The  floor  is  not.  as  a  rule,  crusted,  but 
U  covered  wiih  a  sert>puruleiit  l1uid.  an<l  with  occasional  yellowish  elevaiions.  representing 
miliary  tulKn'le^,  scalteicd  over  it.  These  ulcers,  unlike  those  of  [upus.  are  usually  painful, 
pnibably  tminE  l'>  the  site  of  occurrence.  When  occurring  on  the  glans  penis  ihcy  have  Seen 
diovti  to  be  secondarv  to  tuberculosis  of  the  unnarv  passages,  except  when  incvulated  bj 
(be  Jewish  Hte  of  circumcition.  of  which  l.ehmanii  has  recotiled  to  cases.  Similarly  in 
ihe  lulira  they  are  secondary  to  tuberculosis  of  the  ulcrus  and  tube*.  Tbe  course  of  these 
■ken  ji  variable,  depending  largely  upon  the  pmgrcss  of  the  general  aflcctions  with  which 
the;  are  associated, 

Scrofuloderma  is  that  form  of  tuberculosis  which  affects  the  sub- 
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cutaneous  connective  tissue.     It  may  be  either  primary,  or  consecutive 

to  softening  of  lymph -glands,  or  occur  as  pcrilymphangitic  nodules. 

Verruca  necrogenica  (anatomical  tubercle)  is  found  upon  the  fingers 
and  the  dorsal  surfaces  of  the  hands  of  pathologists,  the  result  of 
infection.  It  begins  as  a  simple  red  nodule,  which  becomes  pustular 
and  soon  covered  with  a  scab.  Gradually  it  spreads  on  the  surface, 
becomes  thicker,  and  is  covered  with  papillary  growths,  giving  a  warty 
appearance.  It  has  a  well-defined  margin.  Here  and  there  on  the 
surface  are  seen  small  points  of  pus,  which  can  be  squeezed  out  from 
the  deeper  layers.  In  some  cases  the  eruption  is  painful,  in  others  indo- 
lent ;  in  all,  it  may  spread  through  the  lymphatics  and  give  rise  to  fatal 
visceral  tuberculosis  (Warren). 

Tuberculosis  verrucosa  cutis  was  first  described  in  1886  by  Riehl 
and  Paltauf  In  this  the  patches  vary  from  the  size  of  a  dime  to  that 
of  a  silver  dollar.  When  fully  developed,  three  concentric  zones  may 
be  observed,  the  peripheral  one  erj-thematous,  the  second  composed  of 
little  pustules  or  of  scales  covering  pustules,  the  skin  of  a  reddish- 
brown  color  and  infiltrated,  and  the  central  zone  raised  0.1  inch  (2-3  mm,) 
and  covered  with  papillary  growths  at  the  center.  Between  the  warty 
growths  are  fissures  and  small  abscesses.  The  growth  is  very  .sensitive, 
of  slow  progress,  lasting  from  two  to  fifteen  years.  The  lesion  is  situ- 
ated in  the  superficial  layers  of  the  cutis,  rarely  descending  to  the  level 
of  the  sudoriparous  glands  (Warren). 

Tuberculosis  Paplllomatosa  Cutis. — Or  this  aii  isolated  caK  has  been  described 
by  MoTTi'iw  It  wa^  rtiiiiiikjble  for  the  extent  anil  amf>unt  iif  the  wilrly  tubercular  growth, 
whicli  iiiviilved  the  cheek?,  the  upper  lip,  tile  iiose,  onil  the  eyelids.  The  hyjiertrophic 
condition  ^nd  tlic  papillary  excre^ences  were  noteworthy  features  i  but  it  \%  doubtful  if  it 
deserve  a  bejjarate  cla&?ilication. 

Tuberculous  Nodes;  Scrofulous  Nodes;  Scrofulous  Qummata, — 
Under  this  head  has  been  described  a  subcutaneous  manifestation  of 
tuberculosis,  at  first  hard  and  nodular,  afterward  softening,  spreading, 
and  breaking  down.  Its  seat  is  commonly  the  subcutaneous  con- 
nective tissue,  but  it  sometimes  starts  from  the  periosteum,  and  on 
ulceration  exposes  bare  bone.  When  occurring  over  the  skull  and 
the  patella,  perforation  of  the  bone  cannot  infrequently  be  made  out, 
"The  treatment  consists  in  excision  where  admissible;  and  where  this 
cannot  be  done,  thorough  and  vigorous  scraping  followed  by  the 
cauterj',  chlorid  of  zinc  (40  grains — 2.6  gm. — to  the  ounce),  pure  car- 
bolic acid,  and  iudofiirin. 

Lupus  erythematosus  ha«  been  included  amongst  tbe  :ikin-inBtiifestBtit.ms  of  tuber- 
culosis by  some  advanced  authorities  under  tbe  leadership  of  Hesnier ;  but  the  tuberculous 
origiti  of  thi:^  symmelrical,  Inter -appearing  affection  has  never  vet  been  sndsfactoiilv  estab- 
lished, and  most  dermatologists  strenuously  deny  it  on  bolh  clinical  and  pathological 
grounds. 

Treatment  of  Skin  Tuberculosis, — Dry  hot  air  (driven  through  a 
_  red-hot  iTietal  tube,  after  Hollander's  method,  raising  it  to  a  tempera- 
ture of  300°  C),  directed  upon  the  affected  area,  exercises  a  remarkable 
and  beneficial  caustic  influence  upon  the  part.  The  Rontgen  rays,  con- 
centrated sunlight,  and  the  electric  light  have  been  spoken  of  favorably, 
as  has  also  electrolysis.  In  the  way  of  general  treatment,  arsenic  is 
the  drug  of  greatest  .service,  combined  with  various  tonics.  The 
cantharidate  of  soda  or  potash  has  been  recommended  for  interstitial 
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use  (Liebreich),  Koch's  Tuberculin  R,  administered  within  a  reaction- 
ary limit  of  J°  C,  has  certainly  proved  of  great  temporary  utility. 

Tuberculous  ulcerations  of  local  origin,  as  in  wounds  by  broken 
spittoons,  infection  of  wounds  by  sputum-soiled  articles,  the  saliva  of 
the  operator  in  the  Jewish  rite  of  circumcision,  and  so  forth,  are  best 
treated  by  excision  when  applicable ;  but,  when  from  extent  or  locahty 
this  is  out  of  the  question,  compresses  soaked  in  mercuric  chlorid  solu- 
tion, 1—2  grains  (0.065-0.13  gm.)  to  the  ounce  (White),  or  perman- 
ganate of  potash,  \  per  cent,  to  2  per  cent.  (Butte),  may  be  emploj'ed. 
the  pain  being  relieved  by  the  subsequent  application  of  a  cocain  oint- 
ment Salicylic  acid  in  ointment,  or  in  Unna's  plaster-mulls,  or  made 
into  a  paste  with  creosote  and  balsam  of  Peru,  finds  a  useful  application 
in  tuberculosis  of  the  skin. 

Old  sinuses,  as  in  Pott's  disease,  may  be  dissected  or  thoroughly 
scraped  out,  swabbed  with  a  95  per  cent,  glycerin  solution  of  carbolic 
acid,  sutured,  and  compressed.    Not  infrequently  primary  union  occurs. 


TUBERCULOUS    LYMPHADENITIS. 

This  is  one  of  the  most  common  manifestations  of  the  tuberculous 
process,  and  constitutes  a  large  proportion  of  the  cases  of  chronic 
lymphadenitis  that  come  under  obsei'vation.  The  glands  most  likely 
to  be  affected  are.  of  the  superficial  set,  the  cervical  glands,  the  cubital, 
and  less  frequently  the  axillarj-  (Volkmann).  The  glands  of  the  lower 
extremity  are  much  less  often  affected.  As  a  post-mortem  observation 
it  has  been  stated  that  in  children  the  order  of  frequency  is  the  cervical, 
the  mediastinal,  the  mesenteric,  and  the  retroperitoneal;  and  it  is  an 
astonishing  ftct  that  in  more  than  one-half  of  all  the  autopsies  made 
upon  children,  evidences  of  tuberculous  adenitis  are  to  be  found. 
While  the  frequency  of  incidence  is  as  above  stated,  any  or  all  of  the 
glands  of  the  body  may  be  implicated. 

The  affection  may  be  primary  or  secondarj'.  When  secondary 
it  is  generally  engrafted  upon  catarrhal  affections  of  the  mucous  or 
cutaneous  surfaces,  tonsils,  carious  teeth,  cutaneous  irritations;  and 
Treves  has  attributed  the  great  frequency  of  the  implication  of  the 
cervical  glands  to  the  extensive  collections  of  adenoid  tissue  found  in 
the  adjoining  mucous  membranes.  The  bacilli  are  generally  picked  up 
on  the  mucous  or  cutaneous  surfaces,  and  so  come  by  the  lymph-cur- 
rent to  the  glands,  but  they  may  gain  access  by  the  blood-stre.im.  The 
affection  is  a  common  one  in  childhood  and  early  adult  life,  but  may 
be  met  with  between  seventy  and  eighty  years  of  age  as  "senile 
scrofu  la." 

The  symptoms  are  a  slow,  gradual,  painless  enlargement  of  the 
glands,  often  coming  on  insidiously,  of  variable  duration,  and  frequently 
proceeding  by  fits  and  starts.  The  glandular  swellings  are  at  first  dis- 
crete and  movable,  then  become  confluent,  and  when  peri-adenitis  has 
occurred  subsequently  adherent.  When  adhe'^ions  have  been  formed, 
softening  may  quickly  follow  and  ulceration  be  develo[x:(J.  Suppuration 
or  liquefaction  takes  place  slowly.  It  may  become  stationary  or  even 
retrogressive,  cheesy  or  calcareous.  The  skin  becomes  thin,  under- 
mined, reddish -purple  or  blue,  and  gradually  gives  way,  discharging 
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cheesy  or  curdy  pus  and  debris;  this  condition  may  continue  for 
months  or  even  years.  The  discharging  surface  may  be  contracted 
down  to  the  dimensions  of  a  sinus,  leading  to  a  caseous  or  cretaceous 
focus.  It  may  heal  over  and  practically  cease  frum  time  to  time,  or  it 
may  ulcerate  widely  and  present  a  reddish-gray,  fungating,  and  fleshy 
protruding  mass.  When  healing  occurs,  the  cicatrices  are  apt  to  be 
thin,  blue  and  weak,  adherent,  and  traversed  by  hypertrophic  bands, 
forming  irregular,  puckered,  and  hypertrophic  scars.  Occasionally, 
however,  the  scars  are  of  surprising  fineness  and  suppleness. 

So  far  as  the  pathological  anatomy  is  concerned,  we  find  the 
ordinary  phenomena  of  a  simple  inflammation  plus  tuberculous  foci 
(gray  or  yellow),  followed  by  caseation,  liquefaction,  or  crctification. 
Bacilli  arc  absent  in  the  later  .'Stages,  but  the  tissues  are  still  infective, 
probably  owing  to  the  presence  of  .■spores. 

The  diagnosis  must  be  made  from  simple  adenitis,  from  lymph- 
adenoma  and  lymphosarcoma. 

The  treatment  resolves  itself  into  general  and  local.  The  general 
is  that  which  is  appropriate  for  other  tuberculous  affections.  The  local 
involves  the  treatment  of  the  gland,  the  sinuses,  and  the  abscesses. 
While  the  glands  are  still  .small  and  few  in  number,  surgical  interven- 
tion may  not  be  required.  Painting  the  surface  with  iodoform,  ichthyol, 
and  belladonna,  and  securing  fixity  for  the  part,  together  witli  the  con- 
stitutional treatment,  may  be  all  that  is  required.  If.  however,  they 
manifest  a  tendency  to  enlarge,  to  run  together,  and  to  soften,  they 
should  be  promptly  removed.  In  their  removal  the  attempt  should 
always  be  made  to  extirpate  the  gland  with  its  containing  capsule, 
and  in  view  of  the  importance  of  the  structures  to  which  tliey  are  not 
infrequently  adherent,  after  the  gland  is  reached,  blunt  dissection  is  for 
the  most  part  appropriate.  If  the  capsule  be  accidentally  or  of  necessity 
opened,  the  contents  should  be  removed,  and  the  walls  quickly  scraped 
with  a  sharp  curct,  the  cavity  swabbed  out  with  chlorid  of  zinc  (40 
grains — 2.6  gm. — to  the  ounce)  or  a  95  per  cent,  solution  of  carbolic 
acid  in  glycerin,  and  subsequently  packed  with  iodoform  gauze  for 
three  or  four  days.  At  the  end  of  this  time  the  gauze  should  be 
removed  and  the  opposite  .surfaces  brought  together  and  compressed, 
under  which  circumstances  primarj'  union  will  not  infrequently  occur 
if  uniform  pressure  and  absolute  immobility  be  maintained. 

The  sinuses,  when  suitably  located,  are  also  best  dealt  with  by  com- 
plete excision,  as  will  not  infrequently  happen  in  cases  of  fistula  in  ano. 
If  they  cannot  be  excised,  however,  they  should  be  thoroughly  curetted, 
ajid  when  occurring  in  the  subcutaneous  tissue  the  little  bunch  of  exu- 
berant granulations,  which  marks  the  entrance  to  the  subjacent  tuber- 
culous glandular  focus,  should  always  be  sought  for  and  diligently 
followed  up.  After  a  free  use  of  the  sharp  curct,  the  sinuses  should 
be  treated  preci.sely  as  before  mentioned  with  regard  to  the  glands 
whose  capsule  has  been  opened. 

The  treatment  of  the  abscesses  is  conducted  upon  the  same  prin- 
ciple, and  often  although  very  extensive,  as  in  cases  of  Pott's  disease 
of  the  spine,  or  the  so-called  psoas  abscess,  .several  well-placed  inci- 
sions will  give  access  to  the  whole  cavity,  allowing  of  a  thorough 
curetment  of  the  granulation-tissue,  subsequent  disinfection,  and  dress- 
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ing,  as  ill  the  case  of  the  sinuses.  Occasionally  cases  will  be  met  with 
in  which  the  iodoform  packing  may  be  omitted  and  primary  union 
sought  at  once  by  judicious  compression  and  fixation. 

For  inducing  sclerogenesis  about  tuberculous  foci  Lannelongue 
highly  recommended  the  injection  of  weak  solutions  of  clilorid  of 
zinc  into  and  around  the  focus.  Liebreicli  has  highly  lauded  the  vir- 
tues of  the  cantharidate  of  soda  and  potash  as  being  capable  of  stim- 
ulating the  vital  resistance  of  the  tissues. 

Tuberculosis  mamms  is  a  rare  disease,  and  the  literature  of  the 
subject  is  very  scant.  Roux  made  a  collection  of  34  cases,  of  which  2 
were  males.  In  2  cases  both  breasts  were  affected  ;  the  age  varied  from 
sixteen  to  fifty-two  years ;  and  in  24  of  the  cases  the  tuberculosis  of 
the  breast  was  secondary  to  its  occurrence  elsewhere.  As  showing  the 
importance  of  tlie  breast  as  the  predisposing  cause,  Mandry's  collection 
of  40  cases  gave  only  I  in  the  male  breast ;  most  were  developed  shortly 
after  confinement,  the  ages  varying  from  seventeen  to  fifty-two  years. 

We  owe  the  fir^t  icicnlific  sludy  of  the  subjecl  lo  Dubar,  who  published  his  work  in  1881, 
■nd  who  was  foliowed  by  Lc  Dealu  snd  by  Olnackei  in  tS8j.  Ro&well  Park  of  BulFalo 
««  ihc  first  10  treat  of  the  subject  in  Engbsh,  in  1887.  Since  then  Orthmann,  Mering, 
Mandry,  Koui,  Campenon,  l^ne,  Shflltucb,  and  others  have  made  contributions  on  the 
subject.      A  general  summary  was  published  by  Powers  in  the  Annals  e/  Surgrry  in  1894. 

During  lactation  it  is  a  double  source  of  danger,  being  liable  to 
infect  the  mother  and  the  child  with  miliary  tuberculosis. 

It  usually  commences  around  an  acinus  of  the  gland  or  even  within 
one.  The  disease  begins  insidiously.  One  or  more  swellings  of  irreg- 
ular shape  appear,  increase  pretty  rapidly,  tend  to  soften  and  break 
down  in  the  center,  and  form  a  chronic  abscess,  which,  if  left  alone, 
eventuates  in  fistula  or  sinuses  which  have  no  tendency  to  heal,  and 
will  present  the  usual  undei>mined  appearance  of  a  tuberculous  sinus. 

As  before  mentioned,  the  periods  of  functional  activity  are  most 
prone  to  the  affection,  it  occurring  during  puberty,  pregnancy,  and  the 
puerperium. 

Cold  abscesses  and  chronic  fistulae  arc  the  forms  generally  assumed 
by  tuberculosis  of  the  breast  and  axilla  when  they  come  under  notice. 
Three  forms  have  been  described:  (a)  The  single  diffuse  swelling; 
(^1  multiple  fluctuant  areas;  and  (j)  one  or  more  hard  nodules  in 
different  stages  of  caseation. 

Axillary  glands  may  be  involved  with  or  without  the  formation  of 
abscess,  or  they  may  be  entirely  unaffected.  Disseminated  tubercles 
may  be  found  in  the  tissues  around  the  breast.  The  disease  tends  to 
spread  by  the  lymph-paths. 

The  tiiagnosis  is  best  made  by  bacteriological  examination,  other- 
wise it  may  remain  uncertain,  even  when  associated  with  tubercle  else- 
where. The  upper  and  outer  quadrant  of  the  gland  is  that  usually 
attacked;  and  the  onset  is  sometimes  secondary  to  tuberculosis  of  the 
axillary  glands. 

Symptoms  of  cold  submammary  abscess  may  be  met  with  secondary 
to  tuberculosis  of  the  ribs,  sternum,  or  pleura,  or  to  empyema.  In 
primar)'  tuberculosis  of  the  mamma,  infection  may  have  taken  place 
along  the  milk-ducts  or  by  way  of  an  open  wound  in  the  breast  or 
nipple. 
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Spontaneous  healing  has  been  observed  where  the  foci  were  small 
and  few.  Encapsulation  and  calcification  may  exceptionally  occur; 
but  tlie  general  tendency  is  to  persist  indefinitely  and  to  spread — a 
constant  drain  upon  the  vital  powers  and  a  continual  menace  to  tlie 
general  health. 

The  trtatment  is  the  same  as  for  carcinoma,  by  early  and  complete 
ablation,  together  with  the  lymph-glands,  if  any  be  found  to  be  involved. 
If  thL-  patient  be  unwilling  to  sacrifice  the  breast,  the  treatment  already 
laid  down  for  sinuses  and  abscesses  will  be  appropriate  and  sometimes 
successful. 

TUBERCULOSIS  OF  THE  SEROUS  MEMBRANES. 

Serous  membranes  may  be  affected  by  tuberculosis  either  primarily 
or  secondarily.  In  the  latter  case  the  focus  may  be  found  in  a  subja- 
cent viscus,  in  neighboring  connective  tissue,  or  in  adjacent  lymph-gland 
or  bone.  Tlius  we  may  have  tuberculous  meningitis  from  middle-ear 
or  mastoid  disease,  pleuritis  from  pulmonary  or  rib  tuberculosis,  and 
peritonitis  from  tuberculosis  of  the  mesenteric  glands,  intestines,  or 
Fallopian  tubes. 

The  role  of  the  surgeon  in  these  cases  is  generally  that  of  an  oper- 
ator, and  the  diagnosis,  causation,  and  associations  or  complications  are 
commonly  determined  before  he  is  called  in.  His  part  is  therefore 
limited  to  the  local  operative  treatment. 

Tuberctilous  Meningitis. — The  evidence  so  far  accumulated 
does  not  warrant  a  belief  that  any  material  amelioration  is  to  be  ex- 
pected from  surgical  inter\'cnlion  in  this  condition.  It  goes  to  show, 
however,  that  it  may  contribute  somewhat  to  euthanasia  by  diminution 
or  arrest  of  convulsions  through  the  removal  nf  tension  by  puncture 
or  aspiration  of  intracranial  or  spinal  fluid.  The  withdrawal  and  ex- 
amination of  fluid  has.  however,  on  numerous  occasions  proved  helpful 
in  diagnosis.  Thus  D'Astros  is  of  opinion  that  "in  ventricular  hydro- 
cephalus the  small  proportion  of  albumin  and  the  abundance  of  sodium 
chlorid  found  in  the  exudate  furnish  a  ready  means  of  distinguishing 
the  cercbro.spinal  fluid  from  that  found  in  the  cxtraventricular  effu.sion." 
Whilst  he  expects  nothing  from  surgical  procedure  in  the  former,  he 
hopes  to  find  much  practical  utility  in  the  latter. 

The  older  methods  of  relieving  intracranial  tension  by  the  use  of 
the  trephine  and  puncture  have  in  a  measure  been  superseded  by  the 
adoption  of  tlie  suggestion  made  by  Wynter,  and  carried  out  by 
Quincke,  of  withdrawing  the  fluid  by  puncture  in  the  .second,  third,  or 
fourth  Intervertebral  space  of  the  lumbar  spine.  Fiirbringer  has  had 
quite  an  extensive  experience  with  the  method,  and  in  37  cases  of 
tuberculous  meningitis,  he  succeeded  in  demonstrating  the  tubercle 
bacillus  in    30,  or  80  per  cent. 

The  puncture  should  be  made,  with  the  patient  sitting  up  or  bent 
forward,  on  the  plane  of  the  junction  of  the  superior  and  middle  thirds 
of  the  spinous  process,  about  two  fingers'  breadth  from  the  median 
line.  After  passing  through  the  skin  the  needle  should  be  directed  a 
little  upward  and  inward.  "  With  new-born  infants  the  needle  should 
penetrate  i  cm.  (J  inch),  and  with  older  children  the  depth  should  be 
increased,  approaching  7  cm.  (2J  inches),  which  is  the  depth  necessary 
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in  the  robust  adult."  Heubner  prefers  lumbar  puncture  to  tapping  of 
the  ventricles  in  chronic  hydrocephalus.  The  method,  however,  has 
not  been  uniformly  void  of  unpleasant  symptoms.  It  goes  without 
sa)-ing  that  the  strictest  antiseptic  precautions  must  be  rigidly  observed 
in  its  practise. 

In  tuberculous  pleurisy  and  empyeom,  do  the  other  hand, 
surgery  finds  a  field  for  frequent  useful  and  beneficent  employment, 
as  well  as  in  the  non-tuberculous  varieties,  though  it  is  with  the  former 
alone  that  the  present  chapter  is  concerned.  According  to  Netter's 
tables,  empyema  in  children  is  of  tuberculous  origin  in  only  2$  per 
cent,  of  the  cases,  the  other  75  per  cent,  being  due  to  the  Bacillus 
pneumonia;  (53-6  per  cent,  to  60  [>er  cent.),  the  Staphylococcus  pyog- 
enes, or  Streptococcus,  Eberth's  bacillu.-i.  and  the  Bacillus  coli  com- 
munis; while  the  statistics  of  Netter  and  of  Eichhorst  placed  the  fre- 
qucncj'  of  tuberculous  pleurisies  at  65.:;  to  68.5  per  cent,  in  adults. 

Three  mctliods  of  treatment  are  available — simple  aspiration,  drain- 
age, and  rib-reseclion  (thoracoplasty,  or  Estlander's  operation).  In  every 
case  operation  should  be  preceded  by  the  withdrawal  of  fluid  by  the 
hypodermic  syringe  or  special  exploring  trocar  for  verification  of  the 
diagnosis,  care  being  taken  that,  after  disinfection  of  the  syringe  and 
needle,  any  coagulating  antiseptic  shall  be  removed  in  sterilized  water 
before  the  puncture  is  made. 

Simple  Aspiration  (Thoracentesis,  Paracentesis  thoracis). — The 
sites  of  election  for  the  puncture  are  the  sixth  or  seventh  space,  just 
tn  front  of  the  posterior  fold  of  the  axilla;  the  eighth  or  ninth  space, 
external  to  the  angle  of  the  scapula  ;  and  the  fifth  space,  just  external 
to  the  costal  cartilage  (as  recommended  by  John  Marshall),  or  where 
bulging  is  most  prominent  or  dulness  greatest. 

The  means  employed  are  the  ether  spray  or  ethyl  chlorid  as  a  local 
anesthetic,  cocain  being  generally  inadvisable  on  account  of  its  depress- 
mg  influence;  a  Dieulafoy,  Potain.  or  other  aspirator,  or  a  trocar  and 
cannula,  with  tube  and  basin  of  antiseptic  solution  for  siphonage.  The 
puncture  should  be  made  valvular  by  a  preliminary  drawing-up  of  the 
skin.  The  removal  of  the  fluid  should  be  effected  slowly  to  allow  of 
gradual  expansion  of  the  lung,  and  much  distress,  or  cough,  or  blood 
is  an  indication  for  cessation.  After  the  fluid  is  withdrawn,  the  puncture 
in  the  skin  should  be  sealed  with  a  film  of  cotton  .soaked  in  acetanilid 
and  collodion.  The  fluid  should  be  preserved  for  chemical  and  micro- 
scopical examination.  A  purulent  effusion  may  occasionally  be  per- 
manently cured  in  the  child  after  one  or  two  a.spirations  (particularly  if 
due  to  the  pneumococcus).  but  this  is  not  to  be  looked  for  in  the  adult. 
The  \-icw  has  been  entertained  by  some  that  the  tuberculous  lung  is  the 
belter  for  the  compression  and  splintage  of  the  efllision  ;  such  persons 
would,  of  course,  object  to  aspiration. 

Drainage  by  Puncture,  Simple  Incision,  or  Rib-re.section  (Thoracot- 
omy).— When  the  fluid  in  the  pleural  cavity  has  been  shown  by  aspi- 
ration, by  the  hypodermic  syringe,  or  otherwise,  to  contain  pus,  drain- 
age, except  occasionally  in  the  child,  should  be  at  once  resorted  to.  If 
this  be  not  done,  nature  will  attempt  to  evacuate  the  abscesii-cavity 
cither  through  the  lung  or  through  the  third  intercostal  space  a  short 
distance  from  the  sternum     The  sites  of  election  for  drainage  are  those 
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already  mentioned  in  connection  with  aspiration.  Any  bulging  or 
"pointing"  spot  may  properly  be  incised,  but  if  not  suitable  for  drain- 
age should  be  supplemented  by  another  opening  in  one  of  the  aforesaid 
appropriate  positions.  Too  low  a  point  should  not  be  selected,  as  it 
may  be  covered  by  the  diaphragm,  which  rises  after  the  evacuation.  As 
a  general  principle,  it  may  be  affirmed  that  the  point  be.st  .suited  for  long- 
continued  drainage  is  that  calculated  to  be  the  last  to  close,  somewhere 
in  the  equator  of  a  globular  cavity. 

In  /('^rt/wi'//^  (>i' j^wi'/wf  all  nece.ssary  or  possible  antiseptic  precau- 
tions, with  regard  to  operator,  field  of  operation,  and  in.struments,  hav- 
ing been  duly  and  scrupulously  observed,  and  the  site  selected,  a  short 
incision  may  be  made  by  a  sharp  knife  through  the  skin,  and  a  trocar 
and  cannula,  as  large  as  the  intercostal  space  will  admit,  thrust  sharply 
through  the  muscle-wall  and  the  pleura,  the  thrust  being  thus  made  so 
as  to  perforate  and  not  push  the  .serous  membrane  before  the  cannula. 
The  upper  edge  of  the  lower  rib  bounding  the  space  should  be  hugged, 
so  as  not  to  endanger  the  larger  branch  of  the  intercostal  artery,  which 
runs  under  cover  of  the  groove  in  the  lower  border  of  the  upper 
rib. 

When  the  fluid  has  been  evacuated  a  rubber  tube  may  be  passed 
through  the  cannula,  the  latter  is  then  withdrawn,  and  the  former  is 
fixed  in  position  by  safety-pin  or  stitch,  or  by  having  its  free  e.xtremity 
split,  turned  over,  and  fastened  on  the  chest-wall  as  a  flange.  Where 
danger  of  compression  of  the  rubber  tube  exists,  a  metal  sheath  may 
be  properly  employed  for  the  portion  which  lies  between  the  ribs.  The 
tube  should  project  just  within  the  pleura  and  no  more,  since  nothing 
is  gained  by  having  a  foreign  body  within  the  cavity  ;  and  if  it  be  desired 
to  irrigate  subsequently,  a  smaller  tube  may  be  readily  passed  through 
the  larger  one  to  the  bottom  of  the  sac,  if  need  be.  Pulmonarj-  exer- 
cises and  gymnastics  may  be  employed  to  facilitate  drainage.  Both 
pleural  cavities  should  not  be  drained  at  once ;  or  not  until  some  degree 
of  lung-expansion  has  been  obtained.  In  view  of  the  possibility  of 
syncope,  withdrawal  of  the  fluid  should  be  accomplished  slowly,  re- 
cumbency maintained,  and  .stimulants  kept  within  reach.  I f  obstruction 
of  the  tube  occur,  as  not  infrequently  happens  from  a  coagulum  of  pus. 
blood,  or  lymph,  it  will  be  convenient  to  have  at  hand  a  hook,  or  bent 
wire,  wherewith  to  effect  its  removal.  Failing  this,  a  probe,  or  director. 
or  stream  of  antiseptic  fluid  will  dislodge  it  backward  into  the  cavity 
again.  Oftentimes  the  width  of  the  intercostal  space  is  insufficient  to 
afford  free  drainage,  and  then  it  becomes  necessary  to  increase  the 
opening  by  the  resection  of  a  portion  of  one  or  more  ribs.  This  may 
be  effected  in  the  case  of  one  rib  by  an  incision  along  the  mid-line  of 
the  rib  down  through  its  periosteum,  which  should  then  be  separated 
to  the  necessary  extent  by  a  raspatory  or  rugine  (two  of  which  should 
be  at  hand,  one  for  the  outer  side,  and  a  more  curved  one  for  the  inner), 
and  a  suflficient  length  of  the  rib  then  removed  either  by  a  Hey's  saw 
supplemented  by  bone-forceps,  or  by  a  costotome.  It  is  well  to  secure 
the  intercostal  vessels  by  ligature  or  otherwise,  and  to  remove  the  de- 
tached periosteum  or  thickened  pleura  which  Interferes  with  free  drain- 
age and  frequently  rccon.structs  the  bone.  If  portions  of  two  {or  more) 
ribs  are  to  be  removed, the  first  incision  maybe  made  in  the  intercostal 
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Space,  and  the  ribs  dealt  with  as  before ;  or,  as  is  to  be  preferred,  after 
Gould's  manner,  by  a  vertical  incision  covering  both  ribs. 

Drainage  by  Rib-rcsecttoii. — In  some  cases,  after  free  drainage  of  the 
pleural  cavity  has  been  secured  and  long  maintained,  it  becomes  appar- 
ent that  from  failure  of  lung-expansion  and  diaphragmatic  accommo- 
dation, and  insuperable  rigidity  of  the  costal  wall,  obliteration  of  the 
suppurating  space  cannot  take  place,  the  only  remedy  then  is  to  break 
down  and  remove  the  bony  wall.  This  practice  was  6rst  suggested  by 
Warren  Stone  of  New  Orleans,  but  popularized  by  Estlander.  under 
whose  name  it  goes.  The  object  is  to  allow  the  granulating  surfaces  to 
fall  together,  to  coalesce,  and  to  cicatrize  ;  and  this  can  be  accomplished 
only  by  the  entire  removal  of  the  bony  barrier.  The  extent  of  the 
operation  will  therefore  depend  on  the  size  of  the  cavity,  and  will 
vary  from  the  exsection  of  portions  of  two  or  three  ribs  to  the  removal 
of  nearly  the  whole  of  the  bony  part  of  all  from  the  second  to  the 
seventh  inclusive.  Above  the  second  it  i.s  not  well  to  go,  owing  to  the 
relations  of  the  subclavian  vessels ;  and  below  the  seventh  it  i.s  not 
usually  necessary,  owing  to  the  adaptability  of  the  diaphragm.  For 
this  operation  general  anesthesia  is  necessary,  and  must  be  conducted 
with  more  than  ordinary  care  and  circum.spcction.  A  practic.il  point 
of  some  importance  in  the  operation  is  to  see  that  the  patient  is  not 
turned  too  much  upon  the  sound  side,  whereby  his  respiration  may  be 
seriously  embarrassed,  and,  if  any  communication  with  the  bronchus 
exist,  pus  might  find  its  way  into  the  opposite  bronchial  tract.  Various 
incisions  may  be  used  to  gain  access  to  the  bone  to  be  removed. 
Godlee  recommended  a  large  U-shaped  incision,  with  the  base  upward, 
allowing  a  large  flap  to  be  turned  up  and  the  costal  wall  well  exposed ; 
it  is  apt  to  be,  however,  attended  with  a  great  deal  of  hemorrhage. 
Jacobson  proposed  several  .similar  smaller  ones.  Estlander  employed 
an  intercostal  incision,  through  which  he  removed  a  rib  above  and  one 
below,  and  made  as  many  such  incisions  as  the  given  case  required. 
The  writer  has  found  Pearce  Gould's  free  vertical  incision  much  the 
best,  and  through  two  such — an  anterior  and  a  posterior — all  the  ribs 
may  be  removed,  from  the  angles  to  the  cartilages. 

Ttlberculosia  of  the  peritoneum  is  met  with  in  three  different 
forms,  according  to  Osier;  fimt,  as  part  and  parcel  of  general  miliary 
tuberculosis;  second. a  chronic  fibrous  form,  subacute  from  the  outset, 
attended  by  little  or  no  exudation,  and  presenting  hard  and  pigmented 
nodules;  third,  a  more  or  less  chronic,  caseous,  and  ulcerating  form, 
characterized  by  a  growth  of  large  tuberculous  ma.sses,  tending  to 
cascatc  and  ulcerate,  forming  adhesions  and  communications  between 
adjacent  intestinal  coils,  and  accompanied  by  a  serous,  seropurulent,  or 
purulent  exudation,  not  infrequently  localized  or  sacculated.  It  is,  of 
course,  of  the  subacute  or  chronic  variety  when  the  affection  comes 
into  the  hands  of  the  surgeon,  for  local  treatment  cannot  be  of  service 
in  the  presence  of  general,  acute,  miliary  tuberculosis. 

The  diaftno»i«  of  tuberculous  peritonitis,  as  of  tuberculous  affec- 
tiims  of  the  other  serous  membranes,  is  made  chiefly  by  exclusion ; 
but  the  family  and  personal  history  may  be  of  importance.  If  the 
affection  of  the  membrane  be  primary' — that  is  to  say.  if  the  tubercle 
bacilli  Hoating  in  the  blood  be  arrested  in  the  vessels  of  the  membrane 
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itself  and  there  develop,  we  may  have  simply  an  ascites  of  slow  and 
insidious  development,  without  rise  of  temperature  or  material  disturb- 
ance of  the  general  health.  Under  such  circumstances  we  can  only 
arrive  at  a  diagnosis,  before  exploration,  by  excluding  the  usual  causes 
of  ascites,  such  as  diseases  of  the  liver,  malignant  tumors  of  the  peri- 
toneum and  viscera,  and  chronic  valvular  affections  of  the  heart. 

On  abdominal  section,  exit  is  given  to  a  clear,  straw-colored,  or 
sometimes  sanguinolent  fluid,  and  the  serous  surfaces  are  found  to  be 
studded  more  or  less  generally  with  white  or  yellow  tubercles,  which 
may  be  here  and  there  massed  into  tumors  of  considerable  size. 
Sometimes  such  masses,  if  very  large,  can  be  felt  by  bimanual  palpation 
per  rectum  or  per  vaginam.  and  may  simulate  any  conceivable  growth. 
If,  as  not  infrequently  happens,  the  peritoneal  fluid  be  localized  by  pre- 
existing or  simultaneously  developed  adhesions,  the  resemblance  to 
any  of  the  solid  or  fluid  growths  peculiar  to  the  locality  may  be  very 
great  Thus,  if  confined  to  the  epigastric  or  hypochondriac  regions, 
we  may  have  very  accurate  simulations  of  hydatid  cysts,  cysts  of  the 
pancreas,  enlarged  gall-bladder,  or  hydrosalpinx  or  pyonephrosis.  If 
the  lower  half  of  the  abdomen  alone  be  involved,  suspicions  of  preg- 
nancy, ovarian  tumor,  hydrosalpinx  and  pyosaipinx,  or  pelvic  abscess 
may  arise,  and  they  may  be  very  difficult  to  settle  without  a  celiotomy 
or  paracentesis.  In  deciding  upon  such  cases,  due  weight  must  be 
given  to  the  history  and  course;  and  the  diagnostic  value  of  tuberculin 
should  be  tested.  For  the  majority  of  these  conditions,  however,  celi- 
teomy  is  indicated  and  necessary,  and  the  operation  for  discovery  may 
be  readily  converted  into  the  means  of  cure. 

When  the  great  omentum  is  the  seat  of  tuberculous  deposit,  it  is 
frequently  converted  into  a  firm  fibrous  band  or  cord,  stretching  across 
the  abdomen  in  or  just  above  the  region  of  the  umbilicus,  and  it  some- 
times bears  a  strong  resemblance  to  the  solid  neoplasms  of  the  stomach, 
pancreas,  and  retroperitoneal  glands. 

Tuberculous  ulceration  of  the  stomach,  small  intestine,  appendix, 
colon,  or  mesenteric  glands  may  give  rise  to  implication  of  the  peritoneum 
by  direct  extension,  or  to  peritonitis  by  perforation,  which  peritonitis 
would  be  of  the  acute  type  and  demand  immediate  operation,  during 
the  performance  of  which  the  ruptures  would  have  to  be  closed  by 
suture,  preferably  after  the  excision  of  the  implicated  part,  followed,  if 
necessary-,  by  anastomosis. 

The  Fallopian  tube  is  sometimes  the  primary  focus,  giving  rise  to 
the  extension  of  the  tuberculous  process  to  the  peritoneum  ;  and  Osier 
estimates  that  the  tube  is  involved  in  from  30  to  40  per  cent,  of  the 
cases  of  tuberculous  peritonitis,  a  fact  which  may  afford  an  explanation 
of  the  far  greater  frequency  of  its  occurrence  in  the  female. 

The  radical  treatment  of  tuberculous  peritonitis  is  as  simple  as  it 
is  for  the  most  part  satisfactory,  consisting  generally  of"  a  mere  celiot- 
omy, performed  with  great  care,  of  course,  owing  to  the  liability  to 
intestinal  and  other  adhesions.  After  evacuation  of  the  fluid  has  been 
accomplished,  in  the  great  majority  of  cases  the  abdominal  wound 
should  be  promptly  sutured  without  flushing  or  drainage.  If  a  drain- 
age tube  be  inserted,  provision  for  a  late  or  secondary  suture  should 
be  made  by  passing  one  or  more  sutures  through  the  site  of  the  drain- 
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age  tube,  leaving  them  to  be  tied  after  its  removal  in  twenty-four  or 
forty-eight  hours.  Some  dust  the  peritoneal  surfaces  with  (sterilized) 
iodoform,  or  introduce  an  emulsion  of  iodoform  in  glycerin  (sterile),  the 
dose  of  40  grains  (2.6  gm.)  of  iodoform  being  on  no  account  exceeded, 
since  absorption  of  more  than  that  amount  has  been  known  to  prove 
fatal.  When  large  cheesy  masses  have  been  met  with.it  has  been  pro- 
posed to  deal  with  these  by  ignipuncture  {thermocautery),  followed  by 
iodoform izat ion.  In  such  cases  drainage  may  be  advisable  for  a  short 
period.  In  using  iodoform  gauze  as  a  drain,  the  writer  has  found  it 
preferable  to  leave  it  in  situ  several  days,  a  procedure  which  greatly 
lactlitates  its  removal.  Much  discussion  has  arisen  as  to  the  modus 
medoidi  of  celiotomy  in  tuberculous  peritonitis.  The  suggestion  of 
Lauenstein  that  the  -admission  of  atmospheric  air  or  of  sunlight  witll 
some  occult  influence,  or  of  air  containing  germs  or  toxins  inimical  to 
the  Bacillus  tuberculosis,  or  the  removal  of  accumulated  ptomains,  are 
all  inadequate  to  the  explanation.  It  seems  not  improbable  that  the 
stimulus  to  the  lymphatic  and  blood-circulations,  incident  and  reaction- 
ary to  the  trauma,  and  the  sudden,  altered,  physical  conditions  of 
pressure,  so  beneficial  in  simple  cases  of  hydrocele  and  other  like  effu- 
sions, may  exert  a  similar  benign  influence  in  these  conditions  also. 


TUBERCULOSIS  OF  TENDONS.  TENDON-SHEATHS,  AND  BUBSAE. 

Tuberculosis  of  tendon-sheaths  is  not  common,  con.stituting  only 
I  or  3  per  cent,  of  cases  of  local  tuberculosis.  It  may  be  primary  or 
secondary,  the  secondary  form,  resulting  from  extension  of  the  disease 
from  neighboring  bones  and  Joints,  being  much  more  common.  The 
affection  presents  itself  in  three  forms.  The  first  is  a  fungus  form,  in 
which  the  sheath  of  the  tendon  is  lined  by  a  layer  of  granulations,  ^j 
to  J  of  an  inch  (2.11-6.35  mm.)  in  thickness;  while  a  thinner  layer 
covers  the  tendon  itself  and  sometimes  perforates,  dissociates,  and  dis- 
integrates its  bundles.  This  imparts  to  the  palpating  finger  a  sensation 
of  gelatinous  semi-fluctuation,  and  .synovial  efliision  may  be  entirely 
wanting.  In  the  second  form  the  fibrinous  inflammatory  properties  of 
the  bacillus  insisted  upon  by  Konig  are  strongly  manifested,  and  the 
granulations  are  converted  into  targe,  white,  fibrous  masses,  variously 
termed  "rice  bodies"  or  corpora  orysoidca.  "  melon -seed  bodies," 
"foreign  bodies,"  "  loose  cartilages,"  etc.  In  this  form  copious  sjmo- 
vial  effusion  is  likely  to  be  found,  though  not  invariably,  and,  in  addi- 
tion to  free  fluctu.ilion.  the  rubbing  of  these  bodies  against  one  another 
is  readily  perceived.  In  the  third  form  a  simple  dropsical  effusion  into 
the  tendon-sheath,  "  a  hygroma."  occurs  ;  and  we  get  an  oval,  elongated, 
fluctuating  swelling  in  the  direction  of  the  tendon,  if  the  affection  be 
single;  or  of  the  tendons,  if  multiple — the  so-called  simple  and  com- 
pound ganglia. 

The  favorite  seats  of  this  affection  are  the  flexor  and  the  extensor 
Icndons  about  the  wrist-joint,  the  perdneal  tendons,  and  the  tendons 
about  the  knee.  The  possibility  of  communication  with  the  synovial 
membrane  of  the  adjacent  joints  must  always  be  borne  in  mind 
in  these  cases.  Occurring  in  the  forearm  and  palm,  an  hour- 
glass swelling  is  often  produced,   owing  to   the  constriction  of  the 
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annular  ligament,  beneath  which  the  fluid  passes  readily  from  the  one 
swelling  to  the  other. 

In  the  dry  form  ulceration  or  necrosis  may  take  place,  and  the  dis- 
ease spread  thus  from  the  tendon-sheaths  to  the  fascial  and  muscle 
planes.  The  tuberculous  character  of  the  contents  having  been  de- 
stroyed by  the  fibrosis,  is  not  always  demonstrable  by  the  microscope, 
but  proof  will  generally  be  afforded  by  inoculation  experiment.  The 
disease  is  painless,  slow,  and  insidious  in  its  origin  and  progress,  and 
often  exists  long  before  advice  is  sought,  weakness  of  the  joints  and 
fatigue  being  chiefly  complained  of. 

The  treatment  consists  in  the  evacuation  of  the  fluid  and  fibrous 
bodies,  followed  by  scraping  off  the  granulation-layer,  vigorous  rubbing 
of  the  surfaces  with  iodoform  gauze,  and  the  injection  of  iodoform 
emulsion,  after  which  suturing,  antiseptic  dressing,  compression,  and 
splintage  will  usually  suffice.  Sufficiently  free  incisions  must  be  made 
under  rigid  antisepsis  to  admit  of  thorough  carrying  out  of  this  plan 
of  treatment. 

In  the  dr\'  and  ulcerating  form  a  similar  line  of  action  may  be 
adopted,  but  it  will  generally  be  necessary  to  make  a  clean  and  thor- 
ough dissection  of  the  tendons  and  sheaths  involved,  sometimes  with 
autoplasty  of  the  tendons,  in  doing  which  the  bloodless  method  of 
Esmarch  will  be  indispensable,  and  the  relation  of  the  backs  of  the 
tendon-sheaths  to  the  synovial  sacs  of  the  underlying  joints  must  be 
constantly  borne  in  mind,  Tiie  occurrence  of  sepsis  would  certainly 
be  fatal  to  the  integrity  of  the  limb,  if  not  to  the  life.  It  is  surprising 
what  good  results  are  obtained  by  a  complete  and  successful  ablation 
of  the  disease  tissue,  and  how  perfectly  the  ten  don- sheaths  will  be 
restored. 

What  has  been  said  of  ten  don -sheaths  is  also  applicable  to  the 
bursi,  and  the  only  thing  to  be  said  in  addition  is  to  enforce  the 
recommendation  of  Professor  John  Chiene  of  a  semilunar  incision, 
with  reflection  of  a  flap  in  dissecting  out  the  bursal  sac. 

TUBERCULOSIS  OF  MUSCLES  AND  FASCIAE. 

As  mentioned  in  the  preceding  section,  tuberculosis  may  extend  by 
contiguity  from  joint  and  tendon  sites  to  the  fa.scial  and  muscle  planes. 
It  may  also  occur  primarily  in  these  situations ;  but,  so  far  as  muscle 
is  concerned,  .so  rarely  as  to  be  a  curiosity.  Muscle  infected  with  tuber- 
culosis has  a  grayish  look  and  a  hardened  feel.  In  the  fascia,  on  the 
other  hand,  primarj'  tuberculosis  is  by  no  means  rare,  and  secondary 
infection  very  common.  The  bacillus  has  a  predilection  for  the  fascial 
planes,  and  the  resulting  granulation -tissue  spreads  along  and  over 
them  with  facility  and  rapidity,  dipping  into  all  their  ramifications  and 
dissecting  out  the  contents.  When  coagulation-necrosis  and  liquefac- 
tion of  this  tissue  occurs,  widespread  and  tortuous  "  cold  abscesses" 
result. 

The  principles  of  treatment  are  already  enunciated;  and  thorough- 
ness in  their  application  is  the  key-note  of  success. 

For  Tuberculosis  of  the  Bones  and  Joints  see  Chapters  XIX. 
and  XX. 
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TUBERCULOSIS  OF  THE  GENITO-URINARY  ORGANS. 

(So  far  as  the  female  gcnito-urinary  organs  are  concerned,  this  sub- 
ject will  be  considered  in  Chapter  XXI..  Vol.  II.) 

Tuberculosis  of  the  penis  Is  an  exceedingly  rare  affection, 
except,  perhaps,  for  those  cases  of  inoculation  in  infiints  in  the  Hebrew 
rite  of  circumcision,  of  which  quite  a  number  have  been  recorded, 
mostly  by  continental  writers  (Lyndmann,  3  cases;  Lehmann,  10  cases; 
Eve,  2  cases).  The  wounds  or  scars  become  the  site,  first,  of  nodules,  then 
of  unhealtliy  spreading  ulcers,  and  in  two  or  three  weeks  the  inguinal 
glands  are  affected,  some  of  wliich  suppurate,  and  some  do  not. 

Tubercuhuls   urethne   is.   according  lu  Kaufni»nn,   always    |«r(  i>r  a  gencniliird 

tobeicnlosis.  ami  i«;iurs  sccuiiilanly  by  in  fee  lid  II  fmni  Ihf  lilatlilcr  or  prmlale.  The  pitis- 
Utic  poTliiiTi  is  innst  fTcijUcntlv  alTecLed,  less  ofli^n  llitr  meinhranous  portion.  Velltsen  has 
reported  luberculous  ulceration  o(  ihe  menlus  111  a  phlhisital  ^Miiem  aye'l  seventeen.  An 
indiiniteil  ulcer  iictupied  ane  side  ui  the  meatus  and  eitcnded  into  the  fosba  navicularis  :  Ihe 
pUnds  of  the  groiu  were  enlarged,  as  were  also  the  epididytniA  and  prtiatale  ;  and  bacilli 
■ere  found  in  the  ulcer.  The  autopsy  showeil,  iu  addition,  luhcrculosis  of  the  right  kidney, 
bladder,  ptostalc,  and  the  bulljous  urethra. 

Englisch  has  described  a  tuberculous  peri-urctliritis  in  the  deeper 
portions  of  the  urethra.  It  may  exist  either  inside  or  outside  the 
dee|>er  layer  of  the  superficial  fascia.  "  It  begins  with  a  discharge  of  a 
chronic  character  from  the  urethra,  followed  later  by  the  formation  of 
perineal  ab.scesses  and  fistula;."  Some  of  tlie  cases  of  incurable  "  water- 
ing-pot "  perineum  are  doubtless  tuberculous  in  their  nature.  Lang- 
hans  reports  a  case  of  polypoid  tuberculosis  situated  in  the  urethra 
about  one  inch  from  the  mouth.  The  autopsy  showed  general'  uro- 
genital tuberculosis. 

.Senn  mentions  a  case  of  tiiberculous  Ulceration  ol  the  dorsum  of  the  penis 

which  might  easily  have  been  mi^akeii  fur  a  cliniuTe.  Kia^ke  reports  a  cuse  in  a  miin  aped 
fbtly-ninc,  in  whom  a  luherculi'iu  ui.er  occurred  u[»n  the  dorium  i.'f  the  glans  ptnis.  There 
were  tm>  irregularly  shaped  ulcers,  Ihe  base^  having  a  yellowish,  cheesy  appearance,  with 
here  ind  there  a  tendency  to  the  fomualinn  of  jji'"u'»li'Jiis.  yielding  a  ihin  secretion.  Tlie 
edges  were  undermined,  and  the  ulccn  communicalcd  with  one  anolhet.  The  patient  was 
healthy,  with  no  eviden<:e  of  tvibeieutosis  in  the  epiilidvmis,  testicle,  prostate,  or  elsewhere- 
The  ulceu  were  of  three  months'  standing  when  s'linittcd  to  the  l''rciburg  clinic,  Ihey  e»- 
lended  deeply  into  the  glands,  amputation  was  resorted  to,  and  microscopical  examinalion 
ihowed  both  typical  giant  cells  nnd  bacilli.  The  deeper  lissues  were  more  alTected  than  Ihe 
superlidal,  evidencing  a  blooil-infcction  rather  Ihan  a  local  inoculnlion.  Ijwten  ha.s  pub- 
Usbeil  a  co>e  of  l'*ournief's.  a  man  agetl  Iwcnty-four  wilh  lupus  ulcer  of  the  glans  peni«- 

Lupus  of  the  penis  v^  a  rare  niTeclion.  and  generally  has  ihe  di.sease  coexistent 
diewhetc— Hin  ihc  face,  lobes  of  Ihc  ears,  or  legs.  Jacobson  has  seen  only  one  case.  In  a 
young  patient  with  extensive  atTecIion  of  the  nose  and  face.  Hutchinson  records  one  on 
Ihe  prepuce  in  which  be  circumcised.  He  explains  the  rarity  of  ihe  affection  by  sayitig 
that  lupiiA  commonly  atlacLs  those  parts  of  the  body  eiposetl  to  ihermal  changes;  and  Ibe 
KCiiitult  bring  kepi  uniformly  warm  by  Ihe  clolhing  are  more  exempt. 

To  distinguish  lupus  of  the  penis  from  epithelioma  two  points  should  be  borne  in  mind — 
lupu^  begins  tlurtng  boyhood  or  voulh.  epithelioma  is  a  disea.se  of  old  age  ;  lupus  ailvances 
tlowly,  leaving  cicatrices :  epithelioma  more  rapidly,  lending  to  glandular  involvemenl  and 

alceniion. 

yVvd/WD/  con.sisls  in  ablation  where  possible,  bihI  in  eurrettage  and  iodoform iulion 
where  ibii  i.s  inadmi'iiible. 

TaberctUosis  of  the  Prostate. — Korzyurcki  asserts  that  in 
g«nito-urinarj'  tuberculosis  the  pro'^tate  is  never  missed;  but  whatever 
may  be  the  primary  focus  this  gland  early  manifests  infection.  Nearly 
all  the  Liter  authorities  concur  in  this  statement,  whether  they  agree 
with  Virchow.  Zicgler,  Forstcr,  or  Stcinthat  in  thinking  that  tubercu- 
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losis  of  the  genito-urinary  tract  always  begins  in  the  kidney,  or  whether 
they  hold  with  Rokitansky,  Birch-Hirschfeld,  Bardeiihauer,  and  others, 
that  the  initial  point  is  the  epididymis  or  prostate.  In  view  of  the  sit- 
uation of  the  prostate  gland,  one  can  readily  conceive  that  primary 
infection,  except  by  way  of  the  blood-channels,  must  be  exceedingly 
rare.  But  its  location  at  the  point  of  junction  of  the  urinary  and  geni- 
tal systems  with  their  blood-vascular  and  lymphatic  channels  renders 
it  equally  liable  to  secondary  infection  from  both  sources. 

Tubercle  bacilli  which  have  been  cultivated  in  an  intestinal  gland 
and  found  their  way  into  the  general  peritoneal  cavity  may  readily  drop 
into  the  rectovesical  pouch,  and  thence  invade  the  prostate  and  peri- 
prostatic tissue,  either  directly  or  through  the  lymph-channels.  There 
is  some  reason  for  believing  that  this  may  be  the  explanation  of  many 
cases  of  seeming  primary  infection  of  the  prostate  gland. 

The  diagnostic  points  may  be  enumerated  as  a  urethral  discharge, 
consisting  of  mucus,  pus,  epithelium,  caseous  masses,  and  bacilli — one 
or  all.  according  to  the  stage ;  frequency  of  micturition  ;  pain  on  instru- 
mentation ;  weight,  and  dragging,  and  tenderness  in  the  perineum; 
enlargement;  bosselation;  softened  foci  detectable /»(■/■  rtctiiui ;  the 
presence  of  tubercle  el.sewhere;  the  existence  of  abscess;  the  occur- 
rence of  non-healing  sloughy  ulcers  and  multiple  fistulas.  Bryson  lays 
stress  upon  distinct,  hard,  pea-sixed  nodules  in  the  vesico  pro  static  veins, 
and  Cabot  found  corresponding  nodules  in  the  lymphatic  glands  in  the 
same  situation.  When  the  nodules  are  few,  small,  and  peripheral,  or 
in  the  capsule,  they  may  be  void  of  symptoms ;  dependence  must  then 
be  placed  upon  the  signs. 

Theprostaticovesicularjunctionisafavoritepointfornodulation.  Pain 
in  coitus  may  probably  exist,  and  currant-jelly  semen  be  discharged. 

The  treatment  is  general  and  local.  In  addition  to  the  more  ordi- 
nary remedies,  guaiacol,  arsenic,  and  iodoform  have  been  recommended. 
Locally,  guaiacol  may  be  rubbed  into  the  perineum,  suprapubic  region, 
and  the  epididymis.  Ulcers  and  abscesses  must  be  treated  upon  gen- 
eral principle.s.  In  acute  cases  Milton  affirms  that  he  derived  benefit 
from  tartar  emetic  in  ^  grain  {0.0027  S"")  do.ses  evcrj'  three  hours. 
Instrumentation  of  all  kinds  should  be  rigidly  avoided,  as  it  serves 
only  to  aggravate  the  symptoms. 

Tuberculosis  of  the  vesiculae  seminales  is  almost  ne\'er  seen, 
except  as  secondniy  to  disease  in  ncigiiboring  organs ;  but  that  it  occa- 
sionally occurs  there  primarily,  as  Soloweitschik's  case  shows,  cannot 
be  denied. 

The  symptoms  are  frequency  of  micturition,  great  sexual  excitability 
followed  by  impotence  or  sterility,  with  frequent  emissions  of  blood- 
stained semen  ;  in  the  later  stages,  abscesses  and  perineal  fistulie.  In 
one  case  Weichselbaum  found  a  large  vein  of  the  pudendal  plexus  per- 
forated by  a  tuberculous  abscess  of  the  vesicle. 

The  diagnosis  must  be  made  by  attention  to  the  general  history, 
the  local  symptoms,  the  discover>'  of  nodes  and  dilatations  by  rectal 
examination,  the  presence  of  bacilli  in  the  semen — which  is  asserted 
by  some  never  to  occur — and  the  intolerance  of  instrumentation. 

Treatment  is  general  and  local.  The  local  treatment  consists  in 
"  strippitig,"  either  by  the  finger  of  the  surgeon  or  by  Feleki's   or 
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Swinburne's  instrument  devised  for  the  purpose,  which  Is  said  to  be 
more  effective  and  less  unpleasant.  Ablation  of  the  vesicle  has  been 
practised  in  one  case  by  Ullmann,  employing  Zuckerkandl's  semilunar 
incision  through  the  perineum,  with  the  base  downward. 

Roux  of  Paris  records  two  cases  in  which  the  testicle  and  vas  were 
first  removed,  then  a  perineal  incision  was  made,  the  vesicle  being 
pushed  into  the  incision  from  the  rectum  and  thus  removed. 

Tuberculosis  of  the  Testis,  Epididymis,  and  Vas  Deferens. 
— Synonyms, — Tubercular  epidiiijmitis  ;  Tubcrculo.sis  tcsti.s  :  Tubercu- 
lar orchitis  ;  Tubercular  sarcocele;  Phthisis  testis;  Strumous  or  scrof- 
ulous disease  of  the  testis;  and  Scrofulous  orchitis.  Two  varieties  are 
presented : 

{a,\  The  general  miliary  tuberculosis,  which  is  rare. 

(p)  The  form  characterized  by  discrete  craggy  or  nodose  deposits. 

The  most  frequent  scat  is  the  epididymis,  of  which  the  globus  major 
is  generally  attacked,  according  to  most  authorities,  but  according  to 
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f^n.  S3- — Pooioo  of  a  compound  oodulr  frum  a  tulwrculous  leilij.  Seminiferous  lubules 
wilh  ipt'tnijiloKcneiii  arfMlsd  bfvond  division  of  the  sp*rm.i[oK<initt.  Inicrstiiuii  colls  wilh 
crjritiiluitls  An  at\tn  in  iranseciiun  on  Ihc  left,  I.ym(jliijii1  cajisule  siimmndine  die  wliole 
nodule.  Gunt  cell  wiili  ilt  procesxs;  crescenlically  arrniiKed  nuclei,  lu  nrcroiic  cenlcr.  Sui- 
ftiundrng  lliv  gluni  eel]  Arc  epithelioid  cells  ?nd  a  lew  Ivmphoid  cells  (nuclei  represenli^d 
bluk).  Sunounding  ibe  gum  cell  and  epiiliflioid  crils  is  n  reticular  capsule  infillraied  wilh 
■jnipfioid  (elli.  Oiiuide  ihe  rrlicular  capsule  are  epithelioid  cells  of  other  portions  of  the 
com[iuuniI  nodule . 


Erichscn  and  II.  Rilers.  the  globus  minor.  The  disease  .spreads  by 
creeping  along  the  mucous  surfaces  to  the  testis  or  to  the  vas  deferens. 
The  reason  assigned  for  the  more  frequent  early  implication   of  the 
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epididymis  is,  according  to  Salzmaiin.  that  the  vessels  are  smaller  and 
more  tortuous,  and  that  the  spermatic  artery  breaks  up  into  two 
branches  opposite  the  epididymis.  If  the  infection  takes  place  from 
below,  per  urcthravi,  it  would  follow  that  the  globus  minor  should  be 
first  affected,  as  in  the  corresponding  affection  by  the  gonococcus.  Later 
on,  the  disease  may  spread  to  the  vesica!^  seminalcs,  prostate,  bladder, 
and  kidney,  or  it  may  give  rise  to  general  or  pulmonary  tuberculosis. 
Salleron,  however,  in  a  series  of  51  cases,  found  other  organs  infected 
in  only  i,  and  but  2  deaths  in  these  51  cases. 

So  far  as  age  is  concerned,  the  disease  usually  occurs  in  early  adult 
life;  but  it  is  not  seldom  met  with  in  infancy  and  in  old  age,  at  which 
latter  period  its  virulence  seems  to  be  much  diminished.  Giraldes  found 
tubercle  of  the  testicle  in  an  infant  at  term.  Jullieii  in  [6  cases  records 
that  6  were  infants  under  one  year.  Julius  Ureschfeld  records  a  case 
of  congenital  tuberculosis  of  the  testicle;  and  Hutinel  and  Deschamps 
think  the  affection  is  as  common  before,  as  after,  puberty,  and  believe 
that  it  frequently  commences  in  the  peritoneum. 
Three  stages  have  been  described : 

(a)  Of  deposit:  (,5)  of  caseation,  softening,  and  abscess;  (7)  of 
fistula:  and  fungus.  The  symptoms  will  vary  with  the  stage.  In  that 
of  deposit  they  may  be  nil ;  but  manipulation  will  reveal  the  existence 
of  one  or  several  hard,  characteristic  nodules  in  the  part  affected,  com- 
monly the  epididymis. 

Thickening  of  the  vas  deferens,  particularly  at  its  extremities,  is 
strongly  corroborative.  In  the  stage  of  caseation,  the  hard  nodules 
will  be  replaced  by  fluctuant  swellings;  and  the  stage  of  fistula  and 
fungus  then  declares  itself. 

The  diagnosis  from  simple  or  gonorrheal  epididymitis  is  made  by 
the  history,  the  location  of  the  swelling,  the  absence  of  pain,  and  the 

wooden  hardness ;  from  orchitis  by 
similar  signs  transferred  to  the  tes- 
ticle; from  syphilitic  sarcocele,  or 
gumma,  by  the  history,  by  the  im- 
plication of  the  testicle  rather  than 
the  epididymis,  by  the  special  loss  of 
testicular  .sensation  in  gumma,  by  the 
absence  of  hydrocele,  and  by  the  ten- 
dency to  the  formation  of  fistul^e.  Ac- 
cording to  Jacobson.  hydrocele  occurs 
in  about  one-third  of  the  cases;  the 
quantity  of  fluid  is  small,  of  unusual 
density,  and  contains  flocculi  and 
shreds  (Reclus). 

The  prognosis  depends  upon  asso- 
ciated deposits  and  the  general  condi- 
tion. The  local  disease  may  exist  for 
several  years  without  impairment  of 
the  general  health. 

The  treatment  is  that  of  tuber- 
culosis in  general.  Locally,  incision,  scraping,  and  iodoformization. 
with  subsequent  dressing  with  balsam  of  Peru.     Sclerogencsis,  by  the 


Fin.  54, — Giunt  cell  Irom  the  periph- 
ery of  n  nodule  of  a  tuberculous  testis,  to 
show  occasional  grouping  of  the  nui^lc^i 
loward  [he  end  of  the  cell.  Sliuw!i 
gianl-cell  processes  and  reticular  fibers 
passing  iiuo  ilie  giant  cell ;  also,  periph- 
ery of  ihe  cascating  area. 
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injection  of  weak  solutions  of  chlorid  of  zinc  in  the  neifjhborhood  of 
the  foci,  is  recommended  by  Lannelongue,  and  the  cautery  by  Ver- 
neuil.  Reboul  of  Marseilles  advocates  injections  of  naphthol-camphor, 
.and  records  three  successful  cases  in  which  4  or  5  drops  (0.^4-0.3  c.c.) 
'were  injected  daily  into  the  thickened  tissues  for  eight  or  ten  days. 
Oistration  has  been  frequently  practised  successfully.  If  ulceration 
has  occurred,  the  tunica  vaginalis  and  infected  skin  should  likewise  be 


Flc  55. — Tubereuloiu  Wilii.       Rci,    .     .  rdc  from   periphery  of  a  nodule.     Shows 

^feliculatioo  railiiting  from  the  giani  crit ,  i^K^i  hhnls  passing  mtu  Vox  wlh  epilheliuid  cells. 
pboid  cclb  (nuclei  btaeki,  and  the  c-t&T^fnis  piirch  surrounded  by  a  Abroiis  sliealh. 

removed,  and  the  cord  ligated  as  high  as  possible.  If  both  testicles 
simultaneously  involved,  most  authorities  discountenance  castra- 
Son;  but  very  good  results  have  been  obtained  by  the  less  radical 
methods  ab'ive  mentioned. 

Tnberculosis  of  the  bladder  is  rare  as  a  primary  affection. 
When  it  occurs,  the  trigonal  subniucosa  is  the  mo.st  hkely  seat, 
whether  it  is  brought  by  the  circulating  blood  or  has  migrated  from 
the  peritoneal  cavity.  According  to  statistics,  it  seems  to  be  three 
jtimes  more  common  in  men  than  in  women.  Should  infection  take 
■place  from  without,  however,  the  short  and  direct  passage  afforded  by 
the  female  urethra  would  seem  to  render  women  more  liable  to  the 
disease. 

As  a  secondary  affection,  tuberculosis  may  occur  in  the  bladder, 

■  eKher  by  ascending  from  the  prostate  and  the  epididymis  or  by  descend- 

[ing  from  the  kidney,  whence  the  germ   may  be  brought  either  in  the 

creeping  form    along  the   mucous  surfaces,  or  in  suspension    in   the 

'urinary  secretion  from  the  (jelvis  of  the  kidney. 

The  symptoms  closely  resemble  tho.se  of  vesical  calculus.     It  is 

^most  frequent  in  the  young,  from  fifteen  to  twenty-five  years  of  age; 

nd,  according  to  Bryson,  most  of  the  affected  will  present  a  history 

'of  m.-Lcturbation  upon  which  they  lay  great  stress,  with  a  family  one  of 

tuberculosis  or  cancer;  and  a  personal  one  of  enuresi.s  up  to  four  or 

fiw:  years  of  age.      Frequency  of  micturition  is  the  first  prominent 
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symptom,  gradually  increasing,  first  by  day,  and  later  also  by  night, 
as  a  distention-reflox.  with  blood  at  the  end  of  the  act.  Pain  in  the 
mid-penis  is  frequently  eomplaincd  of,  with  vesical  tenesmus,  and  occa- 
sional sudden  stoppage  of  the  stream,  with  Increase  of  distress.  In 
active  cases  there  may  be  sloughing  of  the  mucosa  with  brisk  transient 
hemorrhage. 

The  differential  diagnosis  from  stone  may  be  made  by  the  following 
points,  according  to  Bryson  ;  i.  The  absence  of  a  history  of  renal  cal- 
culus. 2.  Less  effect  of  exercise  upon  vesical  irritability.  3.  Situation 
of  pain  in  the  mid-penis,  not  pa.ssing  forward  under  the  glans.  4.  Sud- 
den arrest  of  the  .stream  by  voluntary  contraction  of  the  compressor 
urethra;  to  relieve  the  pain  of  passage  along  the  urethra,  and  not  by 
the  sudden  blockage  of  the  internal  meatus  by  a  stone.  5.  The  more 
rapidly  increasing  nocturnal  frequency,  and  its  clear  dependence  on  a 
distent  ion- re  flex.     6.  The  growing  evidence  of  a  contracting  bladder. 

The  guarded,  careful  use  of  the  cystoscnpe  and  bacteriological  in- 
vestigation of  the  urinary  sediments  will,  of  course,  afford  the  most 
positive  and  useful  information.  When  infection  takes  place  by  way  of 
the  urinary  current  from  the  pelvis  of  the  kidney,  the  microscope  and 
bacteriological  investigation  will  afford  the  earliest  information.  If  the 
disease  creep  in  by  continuity  along  the  ureter,  it  will  likely  follow  the 
corresponding  trigonal  limb,  and  may  not  give  rise  to  any  symptoms, 
but  should  be  detected  by  the  cystoscope.  This  latter  form  oftentimes 
closely  simulates  renal  calculus.  In  all  cases  of  surface- infection  the 
symptoms  appear  early  after  invasion  ;  but  when  infection  is  from  with- 
out— /.  (■.,  submucously — the  occurrence  of  symptoms  is  often  long 
delayed,  and  considerable  advance  may  be  made  before  the  patient  is 
aware  of  anything  amiss.  The  cystoscope,  however,  is  often  equal  to 
the  detection  of  these  cases  also,  if  attention  be  directed  to  the  bladder. 

In  the  cases  of  primary  invasion  of  the  middle  coat  of  the  bladder 
by  way  of  the  blood-vessels,  symptoms  are  almost  entirely  wanting, 
but,  when  they  do  appear,  they  are  enumerated  by  Bryson  as  consist- 
ing of;  I.  Weakening  of  the  dctrusor-musclc  plane,  manifested  by  a 
slowness  to  start  the  stream,  a  weakness  of  flow,  and  difficulty  in 
emptying  the  bladder.  2.  The  accumulation  of  some  residual  urine  in 
the  later  stages.  3.  A  gnawing  pain  behind  the  pubes  when  the  blad- 
der is  distended,  not  quickly  relieved  by  micturition.  4.  Slight  hem- 
orrhages from  overdistention.  Here  there  is  no  frequency,  no  pus.  no 
bacilli,  and  seldom  blood  ;  and.  when  occurring  in  later  life,  the  symp- 
toms may  closely  mimic  prostatic  obstruction. 

The  bladder  is  sometimes  invaded  from  infected  seminal  vesicles. 
Under  such  circumstances  calculus  is  closely  simulated,  and  this  leads 
to  verj- injurious  instrumentation.  "  Owing  to  the  in  filtration -rigidity, 
distention  is  interfered  with  and  frequent  micturition  results,  the  bladder 
capacity  being  limited  to  4  or  5  ounces  ( I  5-18.5  c.c).  When  the  bladder 
is  partly  empty,  relief  ensues,  followed  by  recurrence  of  the  suffering 
as  it  contracts  down  further,  thus  bending  the  stiffened  seminal  vesicles 
or  compressing  ihc  inflamed  internal  meatus,  giving  rise  to  tenesmus 
and  the  extrusion  of  a  few  drops  of  blood,  the  distress  slowly  subsiding 
as  the  bladder  partly  fills  again  "  (Bryson). 

Coming  from  the  prostate,  the  infection  creeps  rather  uniformly  up 
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from  the  anterior  angle  of  the  trigonum,  probably  by  the  lymphatics 
of  the  submucous  coat.  The  symptoms  are  those  of  cystitis  of  the 
neck  with  bright  transitory  hemorrhages;  per  rectum,  an  unusual  sen- 
sitiveness of  the  intervesicular  space ;  distention-reflcx  is  marked,  nod- 
ules will  be  felt  in  the  wall  below  the  anterior  angle,  and  nodules  in 
I  lie  prostate. 

In  making  a  diagnosis,  cystoscopy  should  be  practised  with  the 
utmost  precautions;  for  all  instrunicntalion  leads  to  aggravation  of 
the  symptoms. 

Treatment. — Bryson  condemns  nearly  all  of  the  recognized  forms 
of  treatment  except  general  and  climatic,  and  concludes:  "On  the 
whole,  surgery  offers  verj-  little  to  these  patients,  and  meddlesome 
surgery  does  much  harm." 

Henry  Morris  agrees  that  local  treatment  is  contraindicated  except 
in  the  later  stages.  The  writer  believes  that  he  has  found  much  benefit 
from  median  perineal  cystotomy,  followed  by  iodoformization  and  dis- 
infection with  methyl  blue,  and  from  the  rest  which  the  continuous 
drainage  affords. 

Qi I heteri nation  is  not  necessary  to  local  medication,  for  sedative  and 
antiseptic  fluids  can,  with  a  little  practice,  be  injected  per  urtthram 
alone. 

Tuberculosis  of  the  Kidney. — Tuberculosis  of  the  kidney  oc- 
curs in  two,  or,  perhaps,  three  forms.  The  first  is  part  and  parcel  of  a 
general  miliary  tuberculosis,  with  which  the  surgeon  has  no  concern. 
The  second  a  form  of  locahzed  miliary  tuberculosis,  in  which  one  or 
many  points  of  both  kidneys  may  be  affected,  the  contagium  being  car- 
ried by  the  blood-stream  and  settling  in  the  capillaries  surrounding 
the  tubules  of  Ferrein,  there  giving  rise  to  the  development  of  granu- 
lation-tissue, which  subsequently  undergoes  coagulation -necrosis,  lique- 
faction, and,  in  the  presence  of  pyogenic  organisms,  pus-formation. 
The  other  form  is  a  tubcrculoits  pyelitis,  or  pyelonephritis,  or  nephro- 
phthisis, which  may  occur  primarily,  or  from  infection  by  sjiinal  tuber- 
culosis, or  by  an  ascending  creeping  process  from  the  lower  urinary 
tract.  The  disseminated  tuberculosis  is  more  common  in  children,  and 
is  bilateral.  A  tuberculous  pyelitis  often  affects  one  kidney  only,  and 
is  met  with  commonly  after  the  age  of  puberty. 

In  all  cases  of  cortical  or  deep-seated  implantation,  early  symptoms 
may  be  entirely  wanting,  except,  perhaps,  polyuria,  which  may  not 
attract  attention,  or  else  may  be  erroneously  ascribed  to  some  other 
cause.  After  the  disease  has  existed  for  some  time  there  may  bo  com- 
plaint of  pain  and  dragging  in  the  loin;  and  bimanual  pal|xition  will 
sometimes  discover  a  kidney-tumor,  which  may  often  be  made  out  to 
be  nodular  or  irregular  in  outline. 

In  some  cases,  the  tuberculous  granulation-process  may  cause 
Ihickening  or  swelling  of  the  mucosa  and  submucosa  of  the  j>clvis  of 
ihc  kidney  nnd  ureter,  and  so  give  rise  to  swelling  and  enlargement  of 
the  organ.  In  other  cases,  and  more  iwrticularly  after  considerable 
|>criods  have  elapsed,  the  jwlvis  of  the  kidney  may  become  distended, 
and  the  ureter  also,  and  symptoms  of  hydro-  or  pyonephrosis  may 
mult.  In  the  cases  of  implication  of  the  pelvis  of  the  kidney,  exam- 
ination of  the  urinary  sediments  may  serve  to  indicate  the  character  of 
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the  process;  and  often  in  the  parenchymatous  form,  when  the  disease 
has  pioceeded  to  castration  and  ulceration,  the  detritus,  of  course,  gives 
evidence  of  its  tuberculous  character. 

Treatment. — In  cases  where  a  tumor  can  be  detected  in  the  loin, 
lumbar  incision  affords  at  once  a  means  of  diagnosis  and  one  of  the 
best  niethnds  of  treatment;  for  then  drainage  can  be  established  and 
locai  medication  carried  out.  In  case  of  extensive  disease  of  one  kid- 
ney oniy,  with  reasonable  assurance  of  the  integrity  of  the  other, 
nephrectomy  may  very  well  be  practised,  and  this,  oftentimes,  without 
a  preliminary  nephrotomy  and  drainage.  For  although  tubercle  here, 
as  elsewhere,  gives  rise  to  ulcerative,  destructive  effects  in  the  course 
of  its  development  within  an  organ,  without  interfering  with  the  utility 
of  surrounding  portions,  yet,  if  one  kidney  be  extensively  disorgan- 
ized, experience  has  shown  that  the  operation  of  nephrotomy  may  be 
attended  with  as  heavy  a  mortality  as  tliat  of  nephrectomy.  Careful 
observation  of  the  urine  and  catheterization  of  the  ureters  will  gener- 
ally enable  one  to  discover  the  relative  condition  of  the  two  kidneys. 
Therefore,  the  anterior  incision  need  no  longer  be  practised  with  a  view 
of  determining  the  condition  of  the  supposedly  unaffected  kidney. 

General  roborant  treatment,  with  the  employment  of  antiseptic  rem- 
edies voided  by  way  of  the  kidneys,  will  oftentimes  delay  the  progress 
of  the  disea.se  to  a  very  considerable  extent.  Even  if  both  kidneys  be 
partially  disea.sed,  it  is  still  possible  to  effect  some  good  surgically  by 
the  ablation  of  the  diseased  parts,  followed  by  suture. 

Nephrotomy  with  curettage,  followed  by  drainage  by  rubber  tubing 
and  iodoform  gauze,  after  irrigation  with  iodoform-glycerin  emulsion, 
has  afforded  the  writer  very  gratifying  results,  and  he  has  found  the 
subsequent  injection  of  iodoform  emulsion  {lo  per  cent,)  combined 
with  a  weak  solution  of  chlnrid  of  zinc  and  formaldehyd  to  distinctly 
diminish  the  amount  of  discharge  and  promote  cicatrization. 

Nephrotomy  to  provide  an  e.xit  for  sloughs  is  a  proper  precaution- 
arj'  measure  before  using  the  tuberculin  treatment  in  nephrophthisis. 
In  doing  nephrectomy  for  tuberculous  kidney,  it  i.s  sometimes  neces- 
sary or  advisable  to  do  a  partial  or  complete  ureterectomy. 


CHAPTER   XI. 


THE  TECHNIC  OF  ASEPTIC  SURGERY. 

The  middle-aged  surgeon  of  the  present  day  has  witnessed  the  be- 
ginning and  the  end  of  a  revolution  in  his  art,  which  represents  a  greater 
progress  than  has  been  made  in  ail  the  preceding  centuries.  He  is 
fortunate  who.  with  personal  knowledge  of  the  black  septic  era,  is  still 
alive  to  enjoy  to  the  full  the  practice  of  surgery  under  the  reign  of 
asepsis. 

A  heavy  responsibility  rests  upon  the  younger  student  that  no  back- 
ward step  be  taken.  I-et  him  carefully  study  the  history  of  surgery 
before  the  days  of  Joseph  Lister,  that  he  may  thoroughly  appreciate 
the  blessings  which  he  now  enjoys,  and  the  dangers  against  which  he 
mu.st  be  ever  vigilant. 

The  surgeon  should  appreciate  the  fact  that  the  introduction  of  bac- 
teria into  the  body  takes  place  in  nearly  all  cases  through  some  lesion 
on  the  external  surface  of  the  body  or  in  a  mucous  tract,  and  that 
without  such  a  wound  bacterial  invasion  is  rare  ;  that  the  commonest 
..source  of  wound-infection  is  the  pyogenic  organism,  although  a  num- 
'ber  of  these  bacteria  arc  required  to  cause  real  disturbance  of  wound- 
healing;  and,  finally,  that  the  success  of  this  invasion  is  dependent  not 
only  on  the  virulence  of  the  germ,  but  also  upon  the  condition  of  the 
soil,  the  tissues  and  fluids  of  the  individual,  and  upon  what  is  termed 
the  power  of  resistance  belonging  to  the  individual.  For  instance, 
linear  incisions  are  not  as  apt  to  be  the  seat  of  infection  as  contused 
and  lacerated  wounds.  Persons  weakened  by  disease  or  worn  out  by 
excessive  labor  yield  more  readily  to  infection  than  healthy  individuals. 
Some  individuals  possess  a  greater  power  of  resisting  Uie  effects  of 
gemi-infection  than  others. 

It  is  now  established  that  nearly  all  bacterial  infection  can  be  traced 

to  man's  tangible  surroundings,  on  which  lies  dirt  of  various  kinds. 

The  dust  and  dirt  of  the  street  arc  loaded  with  germ-life  of  all  kinds, 

moulds,  yeasts,  fungi,  bacilli,  cocci,  color-  and  odor-producing  bacteria 

being  present  in  countless  numbers.      This  vast   army   of   bacterial 

growth  is  readily  carried  by  currents  of  air  into  every  nook  and  comer, 

and  portions  of  it  are  liable  at  any  time  to  be  deposited  upon  every 

exposed  object,  including  the  clothes  and  body  of  every  individual.     It 

is  no  wonder,  then,  that  the  surface  of  the  body  should  be  a  nidus  for 

germs  of  all  kinds,  for  it  is  constantly  coming  in  contact  with  dust  and 

I  dirt  filled  with  germ-life.     Here  bacteria,  finding  suit.ible  conditions  for 

'development — warmth,  moisture,  and  nutrient  media — propagate  with 

\  great  rapidity,  and  eagerly  enter  the  body  through  abrasions  of  the 

«kin.     Careful  surgeons  therefore  use  every  means  at  their  command 

to  destroy  or  avoid  bacteria. 

Ml 
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For  a  description  of  the  pyogenic  bacteria  the  reader  is  referred  to 

the  chapter  on  Surgical  Bacteriology. 

The  word  "sepsis."  from  the  Greek  verb  ayjzsiv,  was  formerly  used 
to  define  a  condition  known  as  putrefaction,  the  etiology  of  which  had 
not  been  discovered.  Gradually  this  term  came  to  be  employed  to 
denote  the  condition  found  in  pus-producing  wounds,  so  that  now  by 
sepsis  is  meant  the  condition  resulting  from  the  introduction  of  pyogenic 
bacteria  into  wounds.     All  sepsis  is  due  to  bacterial  invasion. 

By  the  term  "  atilisifisis  "  is  meant  the  adoption  of  various  methods 
of  destroying  bacteria  or  inhibiting  them  in  their  growth.  Drugs  and 
methods  used  to  accomplish  this  result  arc  termed  antiseptics.  True 
germicides  are  properly  called  antiseptics,  for  they  actually  kill  bacteria. 
Antiseptics  frequently  only  arrest  bacterial  development. 

Asepsis  means  ab.sence  of  genns  which  produce  sepsis.  Ideal  asep- 
sis is  scarcely  possible,  for  it  must  be  conceded  that  even  perfect 
wounds  contain  bacteria,  which  are  either  non-viruient  or  too  few  in 
number  to  cause  trouble. 

It  is  now  generally  beheved  that  air  is  comparatively  harmless  to 
wounds,  provided  that  it  is  moderately  free  from  dust.  Of  course,  the 
writer  does  not  claim  that  ordinary  air  is  in  any  strict  sense  aseptic,  but 
only  that  the  exposure  of  an  operative  wound,  during  the  short  period 
of  its  formation,  to  the  atmosphere,  is  not  followed  by  wound-disease. 
This  is  demonstrated  clinically  by  our  experience,  for  we  frequently 
obtain  long  series  of  wound-healings  unbroken  by  the  slightest  evi- 
dence of  infection,  although  we  make  no  special  provision  against  the 
free  admission  of  ordinary  air  to  the  freshly-made  wound.  Undoubt- 
edly some  bacteria  are  deposited  in  the  form  of  dust  upon  everj' wound, 
but  ordinarily  not  in  sufficient  quantity  to  result  in  wound-disturbance. 
Sea  breezes  have  been  shown  to  be  free  from  bacteria,  whereas  land 
breezes  arc  not  so.  City  air  is  more  contaminated  than  country  air. 
The  atmosphere  of  high  mountains  is  comparatively  free  from  germs, 
and  the  air  in  wet  weather  is  more  nearly  aseptic  than  when  it  is  dry ; 
these  facts  proving  that  bacteria  arc  especially  abundant  in  the  air  in 
placeiN  which  are  either  thickly  populated  or  where  dust  is  scattered 
abundantly  by  high  winds.  Gases  also  of  all  sorts  are  free  from  germs 
excepting  when  mixed  with  dust  or  spray,  and  the  prevalent  idea  that 
sewer  gas  may  cause  gorm-infection  of  any  .sort  is  incorrect.  That 
water  is  a  source  of  bacterial  infection  is  generally  known,  bacteria 
having  a  tendency  to  cling  to  water,  passing  from  it  into  the  air  only  in 
the  form  of  spray.  Ordinary  cold  water  is  laden  with  germs  and  fungi, 
therefore  it  must  not  be  brought  in  contact  with  aseptic  wound  sur- 
faces. Water  from  ordinary  hot-water  boiler.s,  on  the  other  hand,  is 
comparatively  germ-free,  and  can  be  u.sed  with  safety  when  freshly 
boiled  water  cannot  be  obtained. 

It  is  the  aim  of  the  modern  surgeon  to  make  and  treat  wounds 
aseptically,  to  do  which  intelligently  implies  a  thorough  knowledge  of 
the  causes  of  infection  and  demands  at  least  an  elementarj-  study  of 
bacteriology.  Fortunately,  with  the  various  methods  of  sterilization 
at  our  command,  it  is  possible  to  render  all  operating  paraphernalia 
free  from  bacteria,  and  skin-sterilization,  although  not  perfect,  ha.s  been 
of  late  years  enormously  improved. 
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Successful  aseptic  surgery  depends  absolutely  upon  the  most  pains- 
taking attention  to  preliminary  details.  Not  only  must  each  individual 
item  in  the  surgeon's  armamentarium  be  germ-free,  but  also  every 
individual  employed  in  an  operation  must  realize  that  complete  failure 
may  follow  the  slightest  neglect  on  liis  part.  The  duties  of  each 
should  be  appointed  before  the  operation  begins,  so  that  speed  may 
be  attained  without  confusion,  thus  avoiding  loopholes  for  errors  in 
tcchnic.  After  the  sterilization  of  hands,  objects  which  have  not  been 
disinfected  must  not  be  touched.  Since  the  hands  are  the  most  frequent 
source  of  wound-infection,  as  few  as  possible  should  come  in  contact 
with  the  wound-surface.  The  dangers  of  infection  arc  increased  by 
improper  hemostasis,  accumulation  of  serum  and  blood-clot  in  dead 
spaces,  the  presence  of  detached  or  poorly  nourished  particles  of  tissue, 
improper  drainage,  traumatism  by  rough  handling  of  tissues,  irregular 
incisions,  and  irrigation  of  wounds  with  caustic  solutions  which  produce 
superficial  necrosis,  thus  interfering  with  wound-repair.  Every  surgeon 
should  entertain  the  absolute  conviction  that  strict  attention  to  perfect 
aseptic  technic  will  accomplish  nearly  unfailing  success. 

The  making  of  wounds  with  instruments  and  hands  absolutely  free 
from  germ-life — that  is,  thoroughly  sterilized,  and  the  complete  avoid- 
ance of  allowing  any  object  not  completely  sterilized  to  come  in  con- 
tact with  the  wound-surface,  represents  what  we  mean  by  aseptic 
surgery'.  Disinfectants  and  antiseptics  of  various  kinds  are  therefore 
used,  in  order  that  we  may  so  prepare  our  various  instruments  and 
surgical  materials  that  we  may  work  aseptically  ;  and  it  has  been  clearly 
demonstrated  that  if  such  preparations  are  properly  made  before  an 
operation  is  begun,  and  if  no  fault  is  committed  by  the  operator  or 
his  assistants  during  the  course  of  an  operation,  the  wound  may  be 
made  and  treated,  until  healing  has  occurred,  without  the  use  at  any 
moment  after  the  beginning  of  the  operation  of  antiseptic  of  any 
kind. 

Ideal  asepsis  would  mean,  of  course,  that  not  even  one  bacterium  of 
any  variety  should  find  lodgement  in  the  wound.  Ideal  asepsis,  as  thus 
defined,  has  certainly  not  yet  been  attained,  but  fortunately  nearly  uni- 
form success  can  be  accomplished,  in  spite  of  the  entrance  into  wounds 
of  some  germ-life,  such  .is  undotibtediy  is  deposited  from  ordinary  air 
ujHin  every  wound-surface.  To  diminish  the  number  of  these  acci- 
dental vi.-iuirs  is  the  special  arm  of  the  aseptic  working  surgeon. 

Methods  of  Sterilization. — It  is  of  the  first  importance,  then,  to 
Study  carefully  the  means  by  which  we  may  so  prepare  our  hands,  our 
instruments,  and  other  materials,  as  to  render  them  as  nearly  aseptic  as 
possible.  We  must  l>cgin  with  the  methods  of  sterilization.  These 
methods  have  been  well  classified  by  Schimmclbusch  as  follows ; 

1.  Mechanical  cleansing. 

2.  Germicidal  agents,  chemical  and  thermal,  which  destroy  bacteria, 

3.  Agents  which  arrest  bacterial  development  and  prevent  ger- 

mination and  multiplication. 

4-  Antitoxin  agents  directed  not  against  microbes  themselves,  but 
against  plomain-products. 

5-  Agents  not  afiecting  bacteria  or  ptomaines,  but  incrca.sing  the 
power  of  ^e^istance  on  the  jiart  of  the  patient's  tissues. 
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2.  Heat 


3. 
4- 

5. 


Moist 
Dry 


This  classification  tlierefore  includes  tlie  use  of; 
I.  Mechanical  washing  and  scrubbing,  etc. 
I     Boiling  water. 
'^     Steam. 
[      Hot  air. 
\     Flami.', 
Chemicals. 
Antitoxins,  etc. 
The  attenuation  of  bacteria  by  multiple  infection. 

In  selecting  from  the  various  methods  of  disinfection  which  ones  he 
shall  use.  the  surgeon  must  be  governed  entirely  by  the  conditions 
under  which  he  is  placed.  Steam  cannot  be  used  for  the  disinfection 
of  hands,  therefore'  other  methods  must  be  substituted.  Again,  other 
conditions  arise,  such  as  the  resistance  of  the  infectious  organisms  to 
be  destroyed  and  the  disinfecting  power  of  the  agents  to  be  employed, 
the  resistance  offered  by  the  form  and  shape  of  the  object,  the  thickness 
and  kind  of  dirt,  the  chemical  changes  that  may  occur,  the  clement  of 
time,  and  the  e.\pense  of  the  disinfectant. 

Mechanical  Cleansing — While  the  methods  of  sterilization  are 
numerous,  by  far  the  most  usefui  and  most  important  is  mechanical 
cleansing,  net  only  as  applied  to  the  patient,  but  al.so  to  the  immediate 
surroundings.  Whatever  success  was  obtained  before  the  discovery  of 
antisepsis  was  due  in  a  great  measure  to  cleanliness  and  proper  hygienic 
surroundings.  The  removal  of  dirt  by  washing,  scrubbing,  and  shav- 
ing not  only  disposes  of  enormous  masses  of  bacteria,  but  so  prepares 
the  various  surfaces  that  other  methods  of  .sterilization  can  be  success- 
fully used  in  attacking  such  germs  as  remain. 

Heat. — As  a  general  disinfectant  no  agent  is  so  valuable  as  heat,  and 
only  when  it  cannot  be  applied  in  one  form  or  another  should  chemical 
sterilization  be  made  use  of.  Heat  may  be  applied  either  in  the  form  of 
the  flame  or  of  boiling  water.  The  actual  cautery  may  be  used  for 
sterilizing  septic  surfaces,  the  flame  for  the  sterilization  of  instruments; 
but  its  use  for  this  purpose  is  generally  to  be  condemned,  as  it  discolors 
and  injures  metal. 

The  anthrax  organism  is  one  of  the  most  resistant  pathological 
germs,  yet  it  is  destroyed  by  boiling  water  in  two  minutes.  Bacteria 
without  spores  have  yielded  to  this  agent  in  from  one  to  five  seconds, 
and  the  most  resistant  bacteria  in  from  fifteen  to  thirty  minutes;  there- 
fore the  practical  utility  of  boiling  water  is  evident,  for  it  is  not  only  very 
efficient  but  inexpensive,  constantly  at  hand,  and  requires  little  time  in 
preparation.  Its  use.  however,  is  limited  to  the  preparation  of  solutions, 
suture-materials,  instruments,  and  dressings. 

Steam. — As  a  sterilizing  agent,  steam  possesses  a  higher  value  than 
hot  air,  as  it  requires  a  shorter  time  and  is  more  thorough.  The  tem- 
perature necessary  is  lower,  and  it  docs  not  bum  dres.sings  and  cloth- 
ing, nor  render  them  fragile  or  useless.  Live  steam  will  kill  anthrax 
spores  in  from  five  to  fifteen  minutes.  Hot  air  takes  much  longer  to 
accomplish  the  same  object.  Steam  may  be  u.sed  in  the  following  forms 
for  disinfecting  purposes:  a.  Quiescent — simple  steam;  b.  Circulating 
freely — live  steam;  r.  Under  pressure — high-tension  steam;  d.  If 
raised  by  flame  at   ioo°  C. — superheated  steam. 
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Of  these  various  forms,  live  steam  has  proved  to  be  more  germi- 
cidal than  simple  steam,  and  that  known  as  high  tension  is  the  most 
potent  of  all.  Various  appliances  called  steam  sUri/hiTs  are  found  in 
the  market.  One  should  be  familiar  with  the  requisites  of  a  proper 
sterilizer,  and  a  brief  description  of  those  generally  believed  to  be  most 
suitable  for  hospital  and  private  work  is  here  given.  The  requisites  for 
the  best  sterilizer  may  be  summed  up  as  follows:  1.  Proper  shape — 
prevention  of  dead  spaces  ;  2.  Saturated  steam  ;  3.  Prevention  of  con- 
densation; 4.  Pressure;  5.  An  equable  temperature;  6.  Devices  for 
drying  dressings;  7.  Cheapness  and  ease  of  manipulation. 

Whethci  Itic  sterilizer  be  lui^e  at  snuill.  il  is  advantageous  lo  avoid  square  cnimm.  for  in 
ihcsr  ait  is  apl  in  cnllcti,  and  sieam  doe^  nol  penclrale  saliafnclorily,  so  (hal  portions  of 
mslrnats  occupying  j^uch  spaces  are  not  slerilized  properly. 

The  length  of  the  sleriliicr  must  alsii  be  liiniled,  ri>r  the  lunger  it  is,  the  greater  is  the 
difficnliy  tif  maintaining  an  equable  lempenitu re.  Steam  filling  such  nre.scrvuir  should  be 
uturaled — that  is,  there  should  be  no  admixtuie  of  gas.  This  can  lie  accomplished  in  either 
of  two  ways— by  ctcaiing  a  vacuum  before  admiuing  the  steam,  or  by  admitting  steam  from 
above.  The  vacuum  drives  the  air  not  only  from  the  chamber,  but  aho  from  the  objects 
enclosed,  and  tlius  indirectly  helps  to  heal  Ihcw;,  l>olh  by  preventing  condensalion  and  also 
by  Hiding  future  ^lenetration  by  raising  the  pressure  of  sleam  forceil  in  later.  Thu-s,  vi'ith  a 
preliniinaTy  vacuum,  steam  at  ten  pounds'  pressure  \<-  as  good  as  steam  at  twenty  pounds  with- 
out a  vacDum.  For  all  practical  purposes,  however,  the  admission  of  steam  from  above  will 
drive  the  air  out  sufTicienttv  well.  Special  emphasis  is  laid  upon  the  admission  of  steam  from 
above,  because  in  this  way  air  will  be  force<l  out  steadily  and  uniformly,  stuam  being  lighter 
than  ait :  wherca.s,  if  it  comes  from  below,  the  sleam  passes  up  in  eddies  and  escapes  in  part, 
without  fonring  the  air  out  completely.  As  the  live  steam  passes  into  the  sterilizer,  [here  is 
a  tendency  for  it  to  give  up  il*  lotenl  licat.  mil  only  lo  the  walls  of  the  chamber,  but  also  to 
Ibe  dressings  enclosed-  The  result  is  condensation  and  a  formation  of  drops  of  water,  which 
line  the  wall  of  the  steriliier  anil  wet  the  dressings.  To  exclude  this  defect  absolutely  is 
very  dillicuh,  but  certain  methods  are  made  use  of,  which  render  damage  from  this  source  an 
infre-^uent  occurrence.  In  the  first  place,  all  sterilizers  should  be  surroundeil  with  a  steam 
jacket,  through  which  steam  hotter  than  that  in  the  chamber  should  pass,  and  the  element  of 
condensation  will  thus  be  avoided.  This  jacket  has  the  advantage  not  only  of  preventing 
cond  en  station,  but,  as  it  becomes  superheated,  the  steam  is  kept  in  circulation  bv  ihe  eHect 
of  this  iiitreaseil  lemjierature  on  the  sides  of  ihe  jacket.  I  Hijects  before  being  brought  in 
contact  with  sicam  should  be  thoroughly  faeateil,  so  that  when  thev  are  exposed  to  the  vapor, 
condensation  will  not  be  as  likely  10  occur.  Preparatory  warming  does  not  entirely  prevent 
condensation,  because  the  hot  air  does  not,  af  a  rule,  pcnelrale  to  the  center  of  Ihe  objects 
to  lie  sterilized,  and  Ihe  cold  air  in  the  center  mav  cau»;  some  condensation,  ^^'t1h  a  steam 
jacket,  however,  the  sleam  in  the  chamber  is  inclined  to  be  superheated,  and  the  eiira  heat 
ii  HiBrcient  to  cau-w  re-evip.iralion  of  moisture,  so  that  objects  eventually  come  out  dry  and 
IttUe  hamiei).  Il  has  been  conclusivelv  shown  that,  in  unler  to  gel  ihe  greatest  lieneht  from 
Mean)  (leriliration.  the  live  steam  should  lie  kept  under  pres.sure.  High-pressure  steam,  and 
by  this  is  meant  steam  unilcr  pressure  of  from  ten  lo  litteen  (niunds  to  the  square  inch  at 
i4C^  K,,  has  the  advantage  over  steam  at  tow  pressure  that  it  is  more  penetrating  and  more 
nrmicidal.  It  is  also  less  liable  to  coiulensation  and  can  be  easily  obtained  from  any  neigh. 
Ming  steam. pipes,  so  that  special  apparatus  for  ils  manufacture  is  not  re(|Uired.  Its  disad- 
*anla)(es  are  iiicreflsed  care  and  expense  in  the  manufacture  of  sterilijiers,  and  more  care 
rv<)uirrd  in  hancllitig  Ihem.  The  beM  penetration  can  be  obtained  by  relaxing  the  pressure 
during  sterilization  and  relilling  the  chnmber  with  steam  several  time.s.  thus  driving  out  the 
air  III  the  frtulcrials  to  1^'  ilisinfected.  The  maintenance  of  an  eijuable  lempetature  through- 
out  Ihe  [irocess  of  stenlization  in  every  comer  of  the  sterilizer  is  very  necessary  ;  otherwise, 
■lisinfection  will  not  be  complete,  and  il  is  only  by  keeping  high,  steady  pressure,  by  pre- 
veniing  condensation,  and  by  obtaining  a  complete  liberation  of  air  froni  the  chamber,  ihal 
wch  a  lrm|>eniture  can  be  profureil.  Should  the  dressings  be  found  moisl  after  being  stcril- 
larA,  an  easy  method  of  drying  consists  in  luming  off  Ihe  steam  in  the  chamber  and  con- 
tnwing  ihal  in  the  slearo  jacket.      Dressings  may  then  be  readily  dried. 

The  following  articles  maybe  exposed  to  steam  for  sterilization: 
Dressings,  towels,  gowns,  suture-material  of  some  sorts,  solutions  in 
glass  jars,  gauze  Impregnated  with  chemicals,  such  as  iodoform  and 
baLsam  of  Peru,  and  infected  clothing.     Rubber  and  leather  cannot  be 
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sterilized  by  steam  without  injury.  Before  exposing  articles  to  steam 
sterilization  care  must  be  taken  not  to  pack  them  too  tightly  together 
— that  is,  air  spaces  should  exist  between  the  diflereiit  objects.  Articles 
should  not  come  in  contact  with  the  sides  of  the  sterilizer;  othenAise, 
drops  of  moisture  which  accumulate  upon  the  lining  may  fall  upon 
them.  All  material.s  should  be  heated  before  they  are  exposed  to 
steam.     The  time  required  for  steam  stcrilizaiion  is  dependent  upon 

several  different  condition.s, 
as,  for  instance,  the  amount 
of  pressure,  the  temperature, 
the  compactness  of  the  arti- 
cles to  be  disinfected,  and  the 
nature  and  virulence  of  the 
organism  to  be  destroyed. 
As  a  rule,  to  secure  a  per- 
fect germicidal  action,  articles 
mu.st  be  exposed  for  fifteen 
minutes  under  ten  pounds' 
pressure  and  a  heat  of  240° 
Y.  for  three  consecutive  peri- 
ods twenty-four  hours  apart, 
in  order  to  allow  for  the  de- 
velopment of  spores,  which 
are  more  resistant  than  the 
germs  themselves.  For  or- 
dinary purposes,  the  common 
vegetative  germ  may  be  killed 
if  sterilization  is  continued  for 
three-quarters  of  an  hour  on 
one  occasion. 

Forliohpil.ll  work  the  Knj-  Sprngue 
Bleriliier  (  rig.  5<) )  Im*  [iroveil  10  be  a» 
useful  as  anv.  It  consists  of  a  cylin- 
(irical  chamber,  surrounded  by  n  sleam 
jacket,  attached  (o  which  is  jin  arrange- 
ment for  creating  ^  vacuum  when  re- 
quired. The  water  is  heated  liutn 
beneath  by  j^as,  OT  by  steam  collected 
ihroiis'i  pipes  from  5<jmc  neighborinK 
boiler.  The  steam  jacket,  half-lilEcd 
with  wntcr,  generates  (he  requisite 
amount  of  steam,  under  pressure  of 
from  ten  to  twenty  ]>niinds,  at  a  Icm- 
peralure  of  fioni  230°  to  zito"  K.  ; 
then  the  air  in  the  sterilising  chamber 
is  exhausleii  by  the  vacuum  appamtus, 
and  the  steam  turned  in.  The  -steam 
is  allowed  to  circulate  freelv  for  from 
fifteen  lu  thirty  minules,  sceotding  la 
the  density  cf  the  objects  exposed, 
and  is  then  turned  off.  The  residual  sleam  is  now  removed  liy  creotinK  a  vntiium.  and  tlie 
materials  are  then  dried  hy  the  heat  generated  in  the  jacket  surrounding  Ihi:  chamber. 
This  will  reijuire  from  ten  to  twenty  minules.  By  turning  a  valve,  tillered  air  is  allowed 
(0  pa.is  into  the  chamber,  thus  relieving  the  vacuum,  ond  the  materials  ore  removed  dry  and 
sterile.  Smaller  sleriliiers  for  private  work  arc  made  of  the  same  pattern,  which  answer 
the  uurp<t*c  admirably.  Where  a  condensation  instrument  and  steam  sterriiier  without  press- 
ure are  desired,  the  Schimmelbusch  apparatus  Is  found  to  be   very  eflicienL      In  this  the 


Fig.  56.— Kny-Spragui-  sicrihier;  u,  funnel  and 
valve  where  water  is  taken  into  the  jacket ;  b,  valve 
for  discharge  of  air  ilisplnci'd  hy  the  water;  c.  gas 
atlarliment ;  i/,  safety  valve  :  e.  valve  which  controls 
the  steam  for  vacuum  apjiaralus ; /.  valve  admitting 
sleam  from  jacket  to  chamber  \  ,f .  glass  water-gauge ; 
k,  ventilating  pipe  for  gas  combuslion  ,  1,  tesl-vnive 
for  steam  m  chamber;  :J.  air-filtering  valve  for  de- 
stroying vacuum. 
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maping  from  the  water  used  for  boiling  inslnimeiils  slerilizes  the  drpssingij.      The 
ings  are  ranged  in  packs  conitliucled  iifler  llie   manlier  de^rilieil  in  the  chaplPT  on 
:^ngs,  and  are  ihen  placed  above  the  apartincin  u^d  for  llie  sterilization  of  instrumenla. 
FHot-air  steriliicrs  have  pnjved  lo  be  of  no  pmclical  value  in  surgery,  and  llierctote  need  not 
be  here  described. 


Chemical  Disinfection. — Cliemicil  disinfection,  although  inferior  to 
aechanical  and  thermal  methods,  ncvctthcless  must  be  employed  under 
certain  conditions.  Cliemical  antiseptics  are  not  generally  used  simply 
for  the  purpose  of  obtaining  an  aseptic  condition  prior  to  operation.  A 
chemical,  in  order  to  be  an  ideal  disinfectant,  must  have  certain  proper- 
tics.  It  must  be — i.  Soluble  and  penetrating;  2.  Actively  germicidal ; 
3.  Effective  in  a  brief  time  i  4.  N  on -poisonous  ;  5.  Neither  destructive 
to  materials  nor  irritating  to  wound-surfaces;  6,  Not  decomposable, 
and  not  rendered  inert  by  condensation;  7.  Inoffensive  in  odor;  8.  In- 
expensive. 

No  chemical  combining  all  the.se  valuable  qualities  has  yet  been 
discovered.  Only  a  few  chemicals  have  germicidal  action  on  anthrax 
spores,  even  when  the  latter  have  been  exposed  to  them  for  twentj'-four 
hours.  These  are — bichlorid  of  mercury,  iodin,  chlorin,  bromin,  tri- 
chlorid  of  iodin,  and  creosote  mixed  with  sulphuric  acid, 

A  few  are  germicidal  after  continuous  contact  for  a  number  of  days. 
Such  are — carbolic-acid  solution,  5  to  lOO;  ligneous  vinegar;  chlorid- 
of-limc  solution,  5  lo  loO;  turpentine;  formic  acid  ;  chlorid-of-iron  so- 
lution, 5  to  100;  quinin ;  muriate  solution.  1  to  lOO;  arsenious-acid 
solution,  1  to  looo;  muriatic-acid  mixture.  2  to  lOO;  sulphuric  ether. 

The  vegetative  forms  of  bacteria  are  not  .so  resistant,  and  will  suc- 
cumb even  to  some  of  the  weaker  chemicals;  but  still  the  antiseptic 
power  of  these  drugs  is  far  below  that  of  heat,  for  it  has  been  found 
that  the  Staphylococcus  pyogenes  aureus  is  not  completely  destroyed 
when  subjected  for  fifteen  minutes  to  the  action  of  a  1  to  lOOO  bichlorid- 
of-mercury  solution. 

In  regard  to  the  value  of  chemicals  for  disinfection,  laboratory  ex- 
perience sometimes  produces  different  results  from  tliose  obtained  in 
rsurgical  work,  because  the  conditions  are  different.  For  in.stance,  in 
laboratory  experimentation  a  few  germs  are  exposed  to  a  large  quan- 
tity of  the  chemical ;  but  in  surgical  work  the  reverse  holds  true,  for  tn 
the  Utter  case  sterilization  is  attempted  upon  mas.ses  of  bacteria  hidden 
away,  often  in  impermeable  matter,  such  as  coatinj^s  of  fat,  so  that  very 
little  antiseptic  ever  reaches  many  of  the  germs.  Then,  too,  most  anti- 
septics on  coming  in  contact  with  wound-di.scliai^es  break  up  into 
[combinations  which  are  inert,  uniting  more  commonly  with  the  albumin 
contained  in  wound-discharges.  While  comparatively  few  different 
chemical  antiseptics  are  at  present  made  use  of.  the  more  important 
ones  that  have  been  recommended  of  late  years  will  be  now  enumer- 
ated: 

Chemicals  for  disinfection  are  used  cither  as  powders  or  in  solutions 
of  a  watery  or  oily  character,  and  they  are  here  cla.ssificd  according  to 
their  germicidal  power : 

BUIUariii  of  tiicrcury'\s  the  most  active  of  all.  It  occurs  as  a  white. crys- 
talline, odorless  powder,  verj'  poi.sonous,  and  soluble  to  saturation  in  i  to 
16  of  cold  water,  t  to  3  of  alcohol,  and  is  also  freely  soluble  in  ether  and 
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volatile  oils.  It  promptly  decomposes  on  touciiing  metals,  and  there- 
fore cannot  be  used  for  sterilizing  instruments,  nor  should  it  come  in 
contact  with  metallic  apparatus  of  any  sort.  Mixed  with  ordinary 
water,  it  has  been  found  that  earthy  substances,  carbonic  alkalies,  com- 
bine with  the  salt,  causing  an  inert  precipitate.  This  is  to  be  avoided 
by  using  hot  distilled  water  and  adding  equal  parts  of  salt  and  one  of 
the  following  substances:  Sodium  chlorid,  tartaric  acid,  hydrochloric 
acid,  or  salicylic  acid,  to  a  given  quantity  of  water.  The  solution,  even 
with  distilled  water,  soon  becomes  inert  on  standing,  on  account  of  the 
formation  of  an  oxychlorid.  Light  also,  after  a  short  lime,  causes  a 
partial  decomposition,  precipitating  calomel,  and  forming  hydrochloric 
acid.  A  I  to  looo  solution  is  u.'ied  in  the  disinfection  of  skin-suifaces. 
For  this  purpose  it  can  be  actively  useful  only  after  oily  material  has 
been  removed  from  the  area  to  be  disinfected.  In  sterilization  of  jars, 
bowls,  etc.,  before  operation,  corrosive  sublimate  is  valuable  in  the  same 
strength,  also  in  the  preservation  of  catgut  in  alcoholic  solution,  rubber 
tissue,  sponges,  and  tubing.  Bichlorid  of  mercury  should  not  be  used 
on  wound-surfaces  for  several  reasons:  In  the  first  place,  it  causes 
superficial  necrosis,  even  when  employed  in  the  strength  of  i  part  to 
10,000,  and  thus  favors  a  multiplication  of  micro-organisms,  and  when 
it  comes  in  contact  with  the  albumin  in  pus,  blood,  or  in  any  tissue, 
the  salt  decomposes,  forming  an  inert  salt  of  albuminate  of  mercury, 
which  simply  surrounds  each  spore  or  bacterium,  forming  a  capsule, 
and  thus  further  disinfection  is  prevented. 

Poisonous  symptoms  have  frequently  been  noted  as  a  result  of  the 
continued  use  of  this  drug.  When  used  continually  by  the  surgeon, 
the  hands  become  blackened,  rough,  and  cracked,  and  in  that  condition 
are  especially  liable  to  harbor  bacteria.  Local  irritation,  resulting  in 
an  iingry  dermatitis,  often  follows  the  application  of  moist  bichlorid 
dressing.^,  and  when  solutions  of  bichlorid  have  been  used  for  contin- 
uous irrigation,  symptoms  of  violent  gastro-enteritis.  colicky  pains,  vom- 
iting, and  salivation  sometimes  occur.  For  ease  of  transportation  cor- 
rosive-sublimate tablets  are  sold.  The  outer  coating  of  such  tablets 
after  a  time  changes  to  calomel,  and  thus  the  .strength  of  the  tablet 
becomes  lessened.  A  10  per  cent,  solution  is  more  useful.  2  drams  of 
which,  added  to  a  quart  of  water,  cause  a  solution  of  the  .strength  of  i 
part  to  1000  of  the  pure  salt.  About  7  J  grains  added  to  the  pint  make 
a  .solution  of  the  same  .strength. 

Carbolic  acid.  Lister's  original  disinfectant,  is  a  local  caustic,  coagu- 
lating albumin,  and,  like  corrosive  sublimate,  should  not  be  used  on 
wound- surfaces,  on  account  of  its  irritating  effect.  It  is  not  nearly  as 
powerful  a  germicide  as  bichlorid  of  mercur>',  requiring  from  fifteen  to 
twenty  minutes  for  the  destruction  of  vegetative  bacteria.  It  has  the 
advantage  of  permeating  oily  substances  and  of  retaining  its  stability. 
It  is  cheap,  a  good  deodorizer,  and  has  a  slight  anesthetic  effect  on 
tissues. 

When  the  hands  of  the  operator  come  in  contact  with  carbolic-acid 
solution  for  any  length  of  time,  they  become  very  tender,  rough,  and 
cracked.  Poisonous  effects  may  occur,  both  locally  and  constitution- 
ally. Continuous  use,  as  in  the  form  of  hot  poultices,  often  causes  an 
acute  inflammation  and  desquamation,  and  strong  solutions  may  pro- 
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duce  gangrene.  It  is  especially  poisonous  to  children.  When  the 
drug  is  applied  to  wound-surfaces  for  some  time,  sufficient  absorption 
may  take  place  to  cause  general  weakness,  sweating,  increased  s;di- 
vation,  anorexia,  nausea,  vomiting,  headache,  vertigo,  and  irregular 
breathing,  with  rapid  and  feeble  pulse.  If  the  absoriition  of  carbolic 
acid  continues,  the  patient  passes  Into  coma,  preceded  by  clonic 
spasms,  and  followed  by  collapse  and  death.  The  urine  soon  gives 
a  characteristic  appearance,  becoming  green,  then  brown  and  smoky, 
and  an  absence  of  the  normal  amount  of  sulphates  is  noted. 

Othn  amiwptics  of  minor  iinpoitance  are  lysol,  creolin,  salicylic  acirf,  boric  acid,  pnUs- 
diiEn  ptnuangiinjale.  oxalic  acid,  aod  chlurln  watirr.  Of  th?^c.  Lysol,  CTcolin,  hikI  Ttalicylic 
»cid  have  man)'  of  Ihe  chnraclerislics  of  carbolic  acid,  bol  no  special  advnnlagM.  I'ous- 
sium  prrmani^iukte,  oxalic  acid,  and  chlorin  water  arc  of  inlcTc-^I  cbieHy  fmm  Ihcir  use  in 
Kme  of  (he  chemical  processes  for  Ihe  disinfection  (if  the  hands.  Borte  acid  is  used  simply 
for  imgiuion  of  mucbui  membranes.     Far  this  purpose  sail  solulion  is  better, 

Hydrogin  peroxid  has  become  very  popular  in  the  treatment  of  sup- 
purating wounds.  It  is  a  clear  fluid,  the  full  strength  being  called  15 
volume  soludon.  by  which  is  meant  that  15  volumes  of  oxygen  are 
contained  in  each  volume  of  the  liquid  in  very  feeble  combination. 
The  precise  value  of  this  drug  as  an  antiseptic  has  not  been  deter- 
mined. The  bacillus  of  tetanus  has  been  cultivated  in  a  full-strength 
soludon.  It  is  supposed  to  act  upon  the  albuminoid  elements,  on 
which  the  bacillus  lives,  through  its  power  of  oxidation.  Strong  solu- 
tions are  non-poisonous,  but  if  it  is  used  continually  on  wound-sur- 
faces, the  latter  become  sluggish  and  pale,  and  the  tendency  to  heal 
seems  to  diminish.  As  a  cleansing  agent  and  deodorizer  for  foul-smell- 
ing and  suppurating  wound-surfaces  hydrogen  peroxid  is  very  valu- 
able, if  not  used  for  loo  long  a  time,  such  wounds  becoming  healthy 
looking  and  inoffensive  as  the  discharges  arc  oxidized.  When  hydro- 
gen peroxid  is  applied,  ebullition  occurs  until  the  drug  is  exhausted 
or  the  pus  has  oxidized.  It  should  not  be  used  on  fresh  aseptic  wound- 
suriaces.  For  irrigating  suppurating  cavities  hydrogen  peroxid  is  very 
efficacious.  It  should  be  kept  in  the  dark  and  cold.  Variability  of 
strength,  ready  decomposition,  and  expense  limit  the  use  of  this  agent. 
For  ordinary  purposes  the  strength  made  use  of  is  from  3  to  5  per 
cent 

Sodium  chlorid,  or  common-salt  solution,  in  the  physiological 
strength  of  ^ff  of  I  per  cent.,  rendered  sterile  by  heat,  is  mentioned 
last,  not  on  account  of  its  minor  importance,  but  because  it  is  only 
indirectly  antiseptic.  It  is  prepared  in  the  following  manner:  6  drams 
of  sodium  chlorid,  first  sterilized  by  heat,  are  added  to  i  liter  of  dis- 
tilled water,  which  is  contained  In  an  oval  glass  flask  that  has  also 
been  sterilized.  This  flask  should  not  be  entirely  filled,  in  order  to 
allow  for  expansion,  and  should  be  sealed  with  absorbent  cotton  and 
covered  with  a  handkerchief  of  gauze  fastened  tightly  to  the  neck  of 
the  flask,  so  as  to  keep  the  lips  of  the  bottle  sterile.  The  solution 
thus  made  should  be  exposed  to  steam  stcrihzntion  for  one-half  hour 
on  two  successive  days. 

For  simple  mechanical  irrigation  salt  solution  is  of  the  greatest 
value,  especially  when  applied  to  mucous  membranes,  fresh  wounds, 
and  serous  surfaces,  and  inasmuch  as  it  is  mild  and  soothing,  non- 
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poisonous,  and  easily  obtained,  is  by  far  the  bust  irrigating  fluid  that  ■ 
can  he  employed.  It  is  the  only  chemical  preparation  that  does  not  I 
produce  irritation  when  brought  in  contact  with  wound-surfaces,  I 
After  its  use  aseptic  wounds  may  be  closed,  for  the  tissues  will  have  I 
suffered  no  more  injury  than  is  caused  by  the  ordinary  operative  I 
manipulation,  and  septic  tissues  already  weakened  by  bacterial  poisons 
will  be  much  more  cajjable  of  resisting  pathogenic  organisms  than  if 
exposed  to  caustic  applications. 

During  operations  salt  solution  is  used  for  clearing  away  blood- 
clots,  one  of  its  effects  being  to  cause  various  tissues  to  become  more  m 
clearly  defined,  so  that  the  surgeon  is  enabled  more  readily  to  distin-  ■ 
guish  the  proper  landmarks.      Its  use  in  skin-grafting,  and  also  as  an 
intravenous  infusion,  is  well  known. 

Akahc't  is  a  preservative  agent  and  not  a  germicide,  although  it  pre- 
vents to  a  certain  degree  the  growth  of  bacteria  by  dehydrating  the  tis- 
sues. Its  u.se  in  surgery  is  limited  to  the  preservation  of  materials,  such 
as  catgut  which  has  been  previously  sterilized,  and  to  the  .sterilization 
of  the  skin  through  its  power  of  remoNing  superficial  layers  of  fatty 
material  and  withdrawing  water  from  the  tissues. 

Etiifr  and  tiirpcntiuc  are  used  principally  for  the  purpose  of  cleansing 
the  skin  by  removing  dirty  and  fatty  substances. 

Numerous  ptnvders.  said  to  possess  more  or  less  value  as  antiseptics, 
have  been  recommended  from  time  to  time  to  the  profcs.sion.  Aseptic 
wounds  can  certainly  not  be  benefited  by  the  application  of  any  powder, 
and  much  better  applications  can  be  made  to  septic  surfaces.  No  pow- 
ders are  germicidal,  as.  in  their  original  form,  they  are  non-penetrating, 
and  bacteria  can  live  even  when  surrounded  by  the  most  powerful  so- 
called  antiseptic  powder,  if  it  is  dry.  When  applied  to  a  septic  surface, 
the  absorption  of  a  little  moisture  causes  the  formation  of  an  artificial 
scab,  and  so  prevents  the  escape  of  septic  secretions  from  the  wound- 
surface.  This  dr\'  covering  renders  the  next  cleansing  of  the  wound 
difficult,  and  its  mechanical  removal  produces  fresh  traumatism.  More- 
over, the  absorjjtion  of  such  powders  is  only  limited  with  certainty  by 
the  amount  that  is  applied,  so  that  those  which  are  poisonous  in 
quality  are  capable  of  doing  serious  harm. 

Iodoform,  however,  deserves  especial  attention,  because  it  is  at  pres- 
ent in  very  general  use.  Many  surgeons  rarely  apply  it.  and  it  probably 
will  not  long  occupy  a  position  of  importance  in  aseptic  work.  Iodo- 
form is  a  light-yellow,  crystalline  substance,  of  peculiar  odor,  very 
poisonous,  soluble  in  alcohol,  ether,  chloroform,  and  in  some  oils  and 
fats.  It  is  not  soluble  in  water.  Iodoform  is  not  actively  germicidal. 
but  its  application  seems  to  render  the  wound-area  unsuitable  for  the 
propagation  of  the  bacteria  of  infection.  Perhaps  its  action  is  due  to 
the  decomposition  which  takes  place  when  it  comes  in  contact  with  the 
ptomains  and  leukomains  produced  by  bacteria.  lodin  being  eliminated 
renders  the  wound  unfit  for  the  growth  of  bacteria.  Both  the  Strepto- 
coccus pyogenes  albus  and  the  Staphylococcus  pyogenes  albus  have 
been  often  found  to  flourish  in  iodoform  powder  when  it  is  not  in  con- 
tact with  living  tissues;  therefore,  before  its  use,  it  should  be  rendered 
sterile  by  a  soaking  in  T  to  looo  bichlorid-of-mercury  solution  for  at 
least  five  minutes.     Iodoform  is  applied  to  foul  septic  wounds  either  as 
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a  powder  or  in  the  form  of  iodoform  gauze,  and  curtain  mixtures  con- 
taining iodofonn  are  madi:  use  of  for  injection  into  tvibercular  and  olher 
If^ions.  Iodoform  in  any  form  should  not  be  applied  to  an  aseptic 
wound.  When  used  as  an  injection,  mixed  either  with  glycerin,  vaselin, 
or  ether,  the  preparation  should  always  be  carefully  sterilized.  The 
preparation  of  iodoform  yauze  is  described  with  other  dressings.  The 
disagn-'cable  odor  of  the  powder  can  be  mitigated  by  mixing  with 
it  burned  coffee  powder,  or  some  aromatic  oil.  On  account  of  its 
odor,  iodoform  has  been  supplanted  to  some  extent  by  drugs  of  the 
same  general  character,  but  with  a  less  disagreeable  smell,  of  which  the 
following  are  the  more  important:  Dermatol,  iodol,  aristol.  salol,  soz- 
iodol,  sulphaminol. 

Dermatol  and  aristol  are  the  best  of  these,  and  are  useful  sometimes 
for  application  to  simple  excoriated  surfaces. 

Iodoform  is  capable  of  producing  active  local  and  constitutional  poi- 
sonous effects.  Locally,  it  sometimes  gives  ri.se  to  a  violent  dermatitis, 
requiring  iLs  immediate  disuse. 

Schede  describes  the  constitutional  poisonous  effects  as  follows : 
1.  High  fever. 

2-  Fever  with  gastro-inte.stinal  irritation,  rapid  pulse,  and  depres- 

sion of  spirits. 

3-  Very  rapid  compre.s.sible  pulse  without  fever.     This  is  a  dan- 

gerous form. 

4.  Very  rapid  pulse  and  very  high  fever. 

5.  Great  depression,  collapse,  early  death. 

6.  Cerebral  symptoms  .somewhat  resembling  those  indicating  men- 

ingitis. 
In  most  cases  suffering  from  iodoform  poisoning,  iodin  may  be  de- 
tected in  the  urine  by  adding  a  small  quantity  of  commercial  nitric  acid 
and  a  little  chloroform.  Upon  shaking  the  mixture,  the  chloroform 
will  acquire  a  purple  color,  due  to  the  free  iodin  which  is  liberated,  and 
will  settle  as  a  purple  layer  at  the  bottom  of  the  vessel. 

Other  powders,  such  as  boric  acid,  calomel,  europhen,  oxid  of  zinc, 
lycopodium,  subnitrate  and  subiodid  of  bismuth  and  naphthalin.  are 
occasionally  used,  but  have  no  re,i!  value  in  the  treatment  of  wounds. 
Oils  and  ointments,  whether  they  contain  antiseptics  or  not,  should  be 
thoroughly  sterilizeil  before  use,  otherwise  they  furnish  an  excellent 
medium  for  the  growth  of  bacteria.  Katty  materials,  in  general,  pro- 
tect bacteria  from  the  destructive  action  of  chemical  antiseptics.  They 
arc  certainly  of  value  as  soothing  appliciitions  to  some  inHamed  sur- 
faces, and  by  softening  render  the  removal  of  dry  scales  and  masses 
of  qjithelium  more  easily  accomplished. 

Sterilization  of  Water.— Water  may  be  rendered  free  from  germ- 
life  by  the  addition  of  chemicals,  such  as  carb<)lic  acid,  bichlorid  of 
mcrcur>'.  etc..  but  for  application  to  wound -surfaces  the  chemicals  used 
in  sterilizing  water  arc  undesirable.  Water  may  be  rendered  perfectly 
free  from  bacterial  life  by  boiling  Kven  when  boile<l.  however,  dirty 
B^tcr.  although  in  this  manner  completely  sterilized,  contains  foreign 
Material,  which  is  not  desirable  for  wounds.  Water  should  therefore, 
previous  to  iL*;  fin;d  pre|ianition.  be  either  distilled  or  filtered.  It  may 
then  be  sterilized  by  boiling  for  half  an  hour  or  even  a  much  shorter 


274 


INTER  NATIONAL    TEXT-BOOK  OF  SlftGERY. 


time.  With  a  sterilized  dipper  it  may  then  be  transrerrcd  to  properly 
prepared  pitchers  or  bowls.  When  handled  in  thi.s  manner,  however, 
water  of  an  absolutely  jjerfecl  quality  cannot  be  furnished;  for  its  ex- 
posure to  the  air,  in  transferring  it  from  oii^  vessel  to  another,  and  the 
use  of  different  utensils  in  the  same  process,  necessarily  expose  it  to 
the  entrance  of  some  bacilli.  To  be  rendered  absolutely  .sterile  and  to 
remain  in  that  condition  iintii  brought  to  the  operating  table,  water 
must  be  prepared  as  follows : 

(iln.ss  lln^ks,  which  hnve  hecn  [lerfcctW  cleansed,  are  lo  be  filled  nearly  to  Lhe  top  wllh 
pure  fillered  or  distilled  waltr.  The  flaslis  are  rci  be  plugged  with  tollon,  «vcr  wliicli  a 
piece  of  gnu£e  shouUI  lie  tied  ti>  prevent  displacement  nf  the  cotton  atid  con tntni nation  of 
ihe  edge  of  the  Hasli- mouth.  The  fla.*!i5  nre  then  tn  be  subjected  lo  steam- slerilization 
under  pressure,  eiactlv  aa  dressings  are,  and  should  rernaiti  in  the  ^tcrilifCT  for  at  least  one- 
half  h*»UT-  This  pnjtess  .^htxjld  be  repcatetl  two  days  in  succession,  tn  oiylpr  thnt  spore* 
which  may  have  survived  the  first  biiiling  may  be  destroyed  by  the  second.  Water  pre|jiiirtl 
in  this  manner  mov  be  kept  itnchanpci]  for  an  indefinite  length  of  lime,  if  the  plug  of  cotton 
is  not  reiniived  from  the  mouth  of  the  flask.  It  seems  impossible  to  provide  a  water-slcrilii- 
ing  apparatus  from  which  water  mav  be  drawn  through  a  tap  in  an  abwiutely  perfect  con- 
dition, for  the  lap  itself  is  constantly  expiised  not  only  to  the  atmosphere  but  lo  contact  with 
hands  and  other  objects.  Still  less  easy  is  it  lo  arrange  tlial  Iniiled  and  sterile  water  maybe 
led  from  u  reservoir  thfmgh  pipings  to  dilTerent  parts  of  a  building  and  delivered  at  anv 
desired  [Kiinl  in  a  sterile  condition,  the  dithcully  being  ihal  the  pipes  through  which  the 
water  is  led  cannot  l>e  kept  absolutely  free  from  germ-life  ;  for  spores  winch  have  escaped 
deatniclion  in  the  iirst  Ijuiling  are  liable,  before  water  is  again  drained  at  the  end  of  the 
pipe,  lo  develop  more  or  less  actively  in  the  iii|«  itself. 

Water,  however,  drawn  from  any  hot-water  boiler  is  sterile,  and 

may  be  freely  used  in  .surgery,  provided  only  that  the  pipe  through 
which  it  is  drawn  is  frequently  flushed  out  with  boiling  water  just  be- 
fore the  supply  is  called  for.  Hospital  operating;  rooms  should  there- 
fore have  close  by  them  a  boiler,  in  which  filtered  water  may  be  freshly 
boiled  ever\'  day.  The  delivcrj'  pipe  should  be  short  and  well  pro- 
tected. Before  using  this  water,  the  delivery  pipe  should  be  cleansed 
by  drawing  off  a  number  of  gallons  of  water. 

Ifigatures  and  Sttttires. — Ligatures  and  sutures  are  made  from 
catgut,  kangaroo-tendon,  silk,  silkworm-gut,  horse-hair,  and  .silver 
wire. 

Catgut  approaches  most  nearly  to  ihe  idea!  suture  and  ligature. 
Nevertheless,  it  has  been  much  criticised,  chiefly  on  account  of  the 
great  care  required  in  its  sterilization,  and  for  this  reason  some  .sur- 
geons have  nearly  dispensed  with  its  use. 

Silk  is  more  ea.sily  prepared,  but  its  disadvantages,  as  occasionally 
shown,  far  outweigh  the  care  necessary  in  thoroughly  jireparing  catgut. 
Theoretically,  silk,  when  used  for  buried  sutures  and  ligatures,  becomes 
cncapsuled  in  the  tissues,  and  rumain.s  there  without  creating  any  sub- 
sequent disorder.  It  is,  of  course,  in  this  condition  a  permanent  foreign 
body,  and  if  the  wound  in  which  it  is  used  could  be  ideally  aseptic — 
that  is,  absolutely  free  from  bacteria  of  any  kind,  and  if  the  patient 
could  forever  remain  absolutely  aseptic,  buried  silk  sutures  and  liga- 
tures wotild  never  give  rise  to  ilisturbance  in  the  tissues.  Practically, 
however,  such  foreign  bodies  not  infrequently,  at  periods  quite  distant 
from  the  time  of  their  application,  invite  local  bacterial  disturbances 
resulting  in  abscesses  or  obstinate  sinu.ses. 

Catgut   which   has  been   thoroughly   prepared    and    applied   in  an 
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aseptic  wound  and  according  to  perfect  aseptic  technic  is  soon  absorbed, 
and  rarely,  if  ever,  causes  wound-disturbance.  It  has  been  claimed  by 
many  writers  that  catgut  may  be  absorbed  before  its  purpose  has  been 
fulfilled,  and  for  this  reason  the  use  of  a  non-;ibsorbable  suture  has 
been  recommended.  It  should  be  remembered,  however,  that  the 
surgeon  uses  sutures  in  the  deeper  parts  of  a  wound  only  as  a  tempo- 
rarj'  means  of  approsimation,  and  that  he  really  depends  for  permanent 
union  on  the  growing  together  of  the  parts  thus  temporarily  approxi- 
mated. Such  union  of  parts  that  have  been  drawn  together  takes 
place,  if  at  all,  within  the  period  of  life  of  the  catgut ;  for  while  the 
smallest  sizes  of  catgut  are  absorbed  at  the  end  of  four  or  five  days, 
larger  sizes  maj'  be  used,  which,  when  properly  prepared,  last  from  ten 
days  to  three  weeks.  If  positive  union  has  not  occurred  within  such  a 
period,  Hon -absorbable  .sutures,  which  continue  to  exert  tension,  or 
which  are  obliged  to  resist  continued  tension,  must  soon  fail  in  their 
purpose,  for  all  living  tissues  subjected  to  the  pressure  accompanying 
the  long-continued  tension  of  a  suture  yield  by  pressure-necrosis  and 
absorption.  As  a  buried  suture,  nothing  can  equal  catgut,  which  per- 
forms its  function  for  a  sufficiently  long  time  and  then  completely  dis- 
appears. If,  during  the  early  process  of  union  between  the  deep  parts 
of  a  wound,  additional  support  is  required,  it  may  be  readily  given  by 
means  of  non-absorbable  sutures,  such  as  silk,  or  silver  wire,  or  horse- 
hair, which  should  in  all  cases  emerge  through  the  skin,  in  order  that 
they  may  be  readily  removed  when  their  object  has  been  accomplished. 
it  is  probable  that  when  wound-disturbances,  such  as  skin-abscess, 
have  followed  the  application  of  catgut  which  has  been  pro|x:rly  pre- 
pared, the  catgut  had  become  infected  by  handling.  No  surer  means 
of  infecting  catgut  could  be  found  than  rolling  it  between  the  finger 
and  thumb  of  a  naked  hand  while  threading  a  needle.  liven  where  it 
is  desired  to  hold  bone-fragments  together,  as  in  cases  of  fracture  of 
the  patella  or  resection  of  the  knee-joint,  heavy  catgut  answers  every 
purpose.  In  such  cases  the  suture  is  only  a  temporary  support,  and  is 
valuable  only  up  to  the  complete  application  of  the  dry  fixation-dress- 
ing. In  these  bone-cascs,  absorbability  of  the  approximating  suture  is 
a  most  desirable  quality.  For  ligatures  and  all  buried  sutures  catgut 
is  certainly  to  be  highly  recommended.  With  this  opinion,  how- 
ever, many  prominent  surgeons  do  not  agree,  much  preferring,  in  all 
instances,  the  u.se  of  silk.  For  the  skin-suture,  which  is  not  buried,  silk 
has  superior  qualities,  f'ine  silk  is  stronger  than  catgut  of  a  similar 
site.  It  is  more  pliant  and  leaves  a  neater  suture-line,  .since  it  does 
not  swell,  as  catgut  does,  through  absorption  of  moisture  from  the 
tissues  The  final  healing,  therefore,  of  the  skin-wound  has  a  better 
ap[)caranec  after  the  use  of  silk  than  after  the  use  of  catgut.  Catgut 
may  be  procured  in  skeins  about  thirty  yards  long,  numbtTed  accord- 
ing to  the  size.  Double  zero  is  the  smallest,  anil  this  is  suitable  for 
very  fine  sutures  and  ligatures.  Single  zero  and  No.  i  are  the  next 
two  sizes,  and  these  .ire  sufficiently  strong  for  ^i\\.\\\  vessels  and  perito- 
neal sutures  and  for  other  cases  where  only  very  temporary  apposition 
is  required.  No.  2  fnrms  a  firm,  strong  suture.  Nos,  3  and  4  are  really 
heavy  and  powerful,  .ind  are  used  in  tying  large  |>edicles  and  in  bone- 
worlc.     When  tlic  tissues  to  which  catgut  is  applied  are  exceedingly 
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delicate,  such  as  omental  masses,  intestinal  surfaces,  walls  of  vessels, 
etc.,  the  suture  should  be  softened  by  immersion  for  a  few  seconds  or  a 
half-minnte  in  sterilized  water  or  in  sterilized  salt  solution.  If  this  is 
not  done,  stiff  and  wiry  catgut  may  cut  directly  through  the  tissues 
which  the  suryeon  desires  merely  to  compress.  Probably  some  intra-, 
peritoneal  hemorrhages  occurring  after  operation  have  been  due  t 
neglect  of  this  precaution. 

Sterilization  of  Catgut. — Three  diflerent  methods  for  the  sterilizatio] 
of  catgut  are  here  given,  and  they  have  all  proved  to  be  satisfactory. 

The  ciimol  method  is  theoretically  the  best,  as  it  is  simple  and  inex- 
pensive, and  bacteriological  experiments,  as  well  as  its  indirect  applica- 
tion, have  shown  that  it  produces  complete  sterility.  The  temperature  _ 
of  the  fluid  during  the  preparation  of  catgut  by  this  method  rcquireiS 
careful  watching.  The  modified  form  of  the  method,  which  is  here 
given,  was  first  employed  at  the  Johns  Hopkins  Hospital,  and  is  thus 
described  in  an  article  by  Drs.  Clark  and  Miller  of  that  institution : 

CTumoI  is  an  iiitlammablr  but  non-c^plnj^ive  hvdmcntbon.  with  a  boiliitg  pcMiil  of  about 
170°  C.  Wbcn  the  cumol  fluid  is  broughl  to  a  Icmpt-talme  jll^l  short  of  it*  Ijoiling  [npint, 
■11  sporra  inlnxlutni  iiitu  i(  orr  destU'veil.  »5  a  higher  lempeialurc  is  reached  than  when 
alcohol  is  made  use  of,  and  there  is  no  waste  of  cumol,  as  the  fluid  is  kept  below  \Vr>  boiling 
point.  The  catgut  is  rolled  upiiii  glBSS  !.[)ix)ls.  and  these  are  piK  into  a  e1>i«  beaker.  The 
bcfikfT  ^ands  in  .1  ^nd-bath  heated  with  a  Bunsen  buiTter.  A  taver  of  cotton  ahotdd  be 
placed  nt  the  bottom  of  the  beaker,  on  which  the  catgtit  ttiav  rc*t.  The  top  of  ihe  beaker 
IS  to  be  coveted  with  a  i)iece  of  cardbonrd.  Through  a  bole  in  the  center  o1^  the  cardboard 
8  Ihermomeler  passes.  Heat  is  now  applieit  to  the  sand-bnth.  end  ihe  lempetafiire  of  the 
catgut  slowly  niisnl  to  80°  C.  In  this  manner  all  tnoisture  is  driven  out  of  the  calgut.  This 
degree  of  beat  is  maintained  for  ^me  hour.  Cumol  a1  a  lemperalure  of  100°  C  is  nov 
added  to  the  beaker,  completely  covering  the  catgut.  I'be  tempetaluic  is  then  increased 
to  165'  C.  and  kepi  at  that  point  for  one  hour.  The  Huid  is  now  poured  off,  and  Ihe 
calgui  is  allowed  lo  drv  in  the  beaker  on  Ihe  sand-bath  at  a  tempentlure  of  100°  C.  for  two 
hours.  It  is  ihen  In  be  intnsfecied  lu  sterile  jars  or  lesl-lubes  until  needed,  or  it  may  be 
preserved  in  Merile  alcohol. 

The  ahohol  mtlkod  is  applied  ns  follows  :  The  alcohol  mtisl  be  boiled  under  pres^suie  al 
its  normal  boiling  point,  which  is  considerably  below  100°  C.  Tliis  is  easily  done,  bul  the 
apparvius  must  be  made  very  accuraielv  and  is  expensive.  It  conasts  of  h  heavv  metallic 
cylinder  or  jar.  the  l.ip  fitting  very  jwtfetlly  and  held  in  place  by  a  bar,  which  admits  of  the 
top  being  firtnly  held  in  position  by  a  powerful  screw.  The  jar  is  partly  filled  with  absolute 
alcohol,  in  which  the  catgut  in  skeins  or  on  spools  is  immersed  The  lop  of  the  jar  U  lo  be 
Umily  screwed  down  and  ihe  entire  cylinder  l>urie«J  in  lioiling  wolet  for  one  hour. 

A  IkirJ  mtlhif*!  is  sintple  and  requires  no  eitpensive  apparatus,  but  the  time  of  prepnra- 
tion  extends  over  a  period  of  several  weeks,  (llass  spools  with  the  CHIgul  wound  upon  them 
are  placerl  in  ■  jar  of  l>eniin  for  four  d.iys.  ihen  in  a  jar  of  elher  for  two  weeks.  They  arc 
next  soakeil  it)  oil  of  juniper  for  two  week>.  in  order  that  all  animal  fats  moy  be  removed. 
The  spools  of  catgul  arc  passed  next  to  a  glass  jar  containing  absolute  alcohol  and  provided 
with  a  screw  top.  This  is  put  in  a  water^bath.  and  Ihe  water  allowed  to  boil  for  a  half-hour. 
Durir^  Ihe  tioiling  the  arrew  top  is  only  lighlly  held  in  place.  After  the  termination  of  the 
tniliiig  the  lop  of  the  jat  is  screwed  down  lightly  and  the  jar  removed  from  the  bath.  Oa 
the  foUcwing  day  the  lid  should  he  loosened  atid  Ihe  boiling  for  a  half-hour  repealed,  and 
again  a  similar  proces-s  is  gone  ihmugh  with  on  the  thin)  day.  During  the  three  boihngi 
it  will  pTohfibly  E>r  found  neoe^^^arv  to  add  ^ome  fresh  alcohol  10  compensate  for  ihal  lost  bv 
evaporation,  .\fter  the  thini  boiling,  the  lid  having  been  firmly  sciewed  down,  the  calgui 
is  ready  for  use  or  for  continueil  presenation. 

The  rvfurf-Jar  is  a  ^uare  glass  box  having  a  glass  rod  running  horiiotitally  down  the 
laiddle,  which  serves  as  an  axle  on  which  the  spools  of  calgut  air  threaded.  Before  placing 
the  spools  in  the  sttture-jar.  the  laiier  Ls  sterilised  by  boiling,  and  is  Ihen  ttUed  with  slerile 
absolute  alcohol.  The  catgut  may  be  reeled  off  the  spiK>ls  as  re(|ui[e<I.  During  an  opera- 
tion, sutures  and  ligatures  are  cul  with  a  pair  of  wissors  set  aside  for  ihat  sole  purpose,  and 
Ihe  cut  pieces  arr  kept  iu  a  separate  dtsh.  No  instrument  which  is  being  used  in  an  opera- 
tion, no  matter  how  clean  the  ca'*-  may  be.  shoulil  !>e  empl-iyed  lo  cut  the  calgut  fioin  Ihe 
spools  or  allowed  lo  enter  the  jar.  If  ihese  directions  are  desiiablr,  how  much  more  im- 
poitant  it  it  thai  the  sitnns  and  ligatures  should  not  be  handled  wilh  oaLed  fingers  !     The 
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tulure-jar  hu  ■  clo&e-tiltiiie  gUu  cover,  &lld  tbe  ipooU  nuy  be  allowed  to  remain  in  the  jar 
fram  day  to  day  until  u&ed. 


Chfx>micized  Catgut  and  Kangaroo-tendon.  —  Next  to  catgut, 
prepared  as  already  described,  the  most  popular  soluble  suture- 
materials  are  chromicized  catgut  aiid  chroinicizcd  kangaroo-tendon. 
It  is  true  that,  after  they  have  been  submitted  to  a  bath  of  chromic- 
acid  solution,  catgut  and  fcangaroo-lendon  are  far  less  readily  absorbable. 
This  form  of  suture-material  is  capable  of  lasting  from  four  to  six 
weeks.  The  method  of  preparing  chromicized  catgut  and  kangaroo- 
tendon  is  as  follows: 

The  suture-material,  after  having  been  freed  from  fat.  by  being 
washed  in  ether,  is  treated  to  a  bath  of  a  4  per  cent,  aqueous  solution 
of  chromic  acid.  After  remaining  in  this  bath  for  twenty-four  hours. 
it  should  be  dried  in  a  hot-air  oven. 

The  rest  of  the  process  is  the  same  as  already  described  under  the 
head  of  the  Cumol  Method. 

Silk. — Silk  thread  of  any  reliable  make  is  suitable  for  sutures. 
Black  is  the  preferable  color,  as  it  is  most  readily  seen.  .■Ml  sizes, 
from  that  which  is  exceedingly  fine  to  that  which  is  very  heavy  and 
powerful,  can  be  obtained.  After  winding  on  glass  bobbins  or  spools, 
silk  should  be  boiled  for  a  half-hour  in  a  i  per  cent,  sodium-carbonate 
solution,  when  it  will  be  ready  for  use.  Or  this  method  may  be 
adopted  :  The  bobbins  of  silk  may  be  put  in  a  glass  ignition-  or  test- 
tube,  the  end  of  the  tube  being  plugged  with  cotton.  The  tube  is 
then  to  be  submitted  to  ten  pounds'  pressure  in  a  steam  sterilizer  for  a 
half-hour,  and  the  process  repeated  on  the  following  day.  The  test- 
tubes  are  kept  plugged  till  the  suture  is  needed. 

The  objection  to  the  simple  boiling  process  is  that  it  diminishes  the 
strength  of  the  silk,  wherea.s  sterilization  by  steam  under  pressure  has 
not  the  .same  disadvantage. 

51  Ik  worm -gut — Silkworm-gut  is  purchased  in  bundles  of  twenty 
or  thirty  strands,  which  are  about  twelve  inches  long.  The  strands 
should  be  placed  in  glass  tubes  and  submitted  to  .steam  sterilization. 
Silkworm-gut  may  also  be  boiled  in  plain  water  for  a  half-hour,  A 
soil.i  solution  should  not  be  used,  as  it  renders  the  gut  soft  and 
swollen  and  impairs  its  strength.  Silkworm-gut  is  largely  used,  as  it 
is  much  stronger  than  catgut,  but  it  is  much  less  pliable  and  is  not 
absorbable.  It  makes  an  excellent  suture  for  skin,  as  it  is  smooth 
and  homogeneous,  not  absorbing  serum  as  silk  does,  nor  entan- 
gling bacteria.  It  posse.s.ses  some  of  the  good  properties  of  silver 
wire. 

Horsehair. — Horsehair  makes  .in  excellent  suture,  and  the  finer 
grades  leave  a  very  neat  scar.  The  hairs  are  cut  into  foot  lengths,  well 
washed  with  soap  and  hot  water  and  then  rinsed  in  alcohol. 

This  material  is  sterilized  by  steam  under  pressure. 

Silver  Wire. — Silver  wire  has  its  chief  value  as  a  heavy  retention- 
.4uttjrc.  Usually  sterling  wire,  of  about  No.  20  standard  gauge,  is  u.sed. 
li  is  to  be  prep,ired,  after  a  thorough  scrubbing  in  soap  and  water,  by 
being  boiled,  as  the  instruments  are,  in  a  1  per  cent,  sodium-carbon- 
ate solution  for  a  half-hour,  or  it  may  be  heated  in  an  alcohol  flame. 
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The  latter  method  offers  the  advantage  that  it  anneals  the  metal,  and 

tlius   rcndurs  it  less  liable   to  break  when  twisted. 

Sponges  and  Fads. — Sca-spongcs,  although  more  expensive  and 
troiiblcsontt;  in  preparation,  are  preferable  to  any  of  the  substitutes  as 
an  absorbent  of  fluids.  For  ordinary'  use  in  removing  blood  from 
the  field  of  operation,  the  small  globular  hand-sponge,  about  two 
inches  in  diameter,  is  suitable.  Spoii'^e  has  great  absorbing  power, 
and  its  elasticity  renders  it  capable  of  rapidly  taking  up  a  large  amount 
of  blood.  It  is  also  valuable  in  forming  a  dam  or  wall  to  prevent  the 
excursion  of  septic  material  or  other  fluid  into  adjacent  portions  of 
the  peritoneal  cavity  during  operations  involving  the  abdomen.  As  it 
instantaneously  absorbs  and  collects  fluid  wliich  touches  it.  no  fluid 
can  pass  it  until  the  sponge  has  become  saturated.  As  a  substitute 
for  the  sea-sponge,  some  surgeons  use  gauze  and  cotton  mops.  Such 
a  mop  is  made  with  a  six-inch-square  piece  of  gauze,  in  the  center  of 
which  is  placed  a  ball  of  absorbent  cotton  two  inches  in  diameter. 
The  gauze  is  gathered  up  about  the  ball  of  cotton  and  tied  like  a  sack 
with  a  piece  of  string.  Mops  are  less  expensive  and  easier  to  sterilize 
than  sponges,  and  .some  consider  that  their  sterilization  can  be  made 
more  perfect.  They  have  the  disadvantage,  however,  that  they  do  not 
absorb  nearly  as  rapidly.  As  pads  to  keep  intestinal  coils  from  invad-  J 
ing  the  field  of  operation,  large  flat  sea-sponges,  called  by  surgeons  " 
laparotomy-sponges,  are  the  most  convenient.  An  economical  and 
very  efficient  substitute  is  a  flat  gauze  pad.  These  pads  are  six  inches  ■ 
square,  and  consist  of  four  or  five  layers  of  gauze  stitched  together,  at  f 
one  corner  of  whicli  a  loop  of  tape  is  sewed.  After  the  pad  is  put  in 
place  in  the  abdomen,  a  clamp  is  put  on  the  loop,  which  prevents  the 
pad  from  being  forgotten,  and  so  unconsciously  left  behind.  Mops  and 
pads  are  sterilized  like  dressings,  and  should  be  invariably  destroyed 
after  use.  It  is  true  that  .sponges  may  be  resterilized,  but  the  safer 
method  is  invariably  to  make  use  of  a  fresh  set  at  each  operation. 

Sea-sponges  are  prepared  as  follows  :  They  ate  tirsl  beaten  with  a  w-iwden  mallet  \<>  gel 
rid  of  hholU,  ^n^l.  etc.,  ciiuJ  arc  (lien  !w»keci  in  n  soluli*.)!!  uS  livdmchloTic  ncici,  I  :  64,  for 
twelve  liour^.  Lime  deposits  are  llius  destroyed,  and  the  sponges  j^rnlmtlv  bleached. 
They  nre  then  to  he  wnshed  in  warm  water,  the  wntiT  being  clmtiBeil  freijuetilly,  until  it 
is  no  longer  clouded  bv  the  wnshing.  They  art  then  so,nkcd  for  liftecn  minuter  in  a  satu- 
rated solution  of  permanganate  of  piitHsh,  squeezed,  and  [ilai;ed  in  n  warm  salurnted  solu- 
tion of  oxalic  acid  ;  there  they  are  ullowe^J  to  rcniaJD  until  every  trace  of  tJic  color  of  per- 
manganate has  disd]?peared.  Ui^ally  this  tibject  will  be  accomplished  in  one  lialf-houT. 
A  thorough  rinsing  in  sterile  water  should  follow,  the  hands  being  covered  by  sterile  rubber 
gloves.  The  sponges  are  then  put  in  a  solution  of  i  :  looo  bichlorid  of  mercurv,  and  kept 
there  for  twenty-four  hours,  from  which  solution  they  should  be  removed,  squeeied,  and 
preserved  in  sterile  jars  conlnining  1 1  v>  catbolir-acid  solution.  At  the  time  of  operation 
a  sufRcient  number  of  sponges  are  to  be  removed  from  the  jars,  squeezed  out,  nnd  put  in  a 
bowl  of  noinial  salt  solution.  From  this  bowl  they  are  handwi  to  the  surgeon  its  they  are 
required.  When  saturated  with  blood.  Ihey  are  handed  back  to  the  nurse,  who  rinses  Ihcm 
out  in  another  bowl  of  normal  salt  solution,  when  they  may  be  again  used  as  before. 

Dressings. — The  list  of  materials  which  have  been  used  with  the 
special  object  in  view  of  absorbing  wound-discharges  is  a  very  long 
one,  almo.st  every  inexpensive  absorbent  materia!  having  been  applied 
by  one  stirgeon  or  another,  either  as  an  immediate  dressing  to  the 
wound  or  as  an  enveloping  cushion  or  pad.  Oakum,  jute,  peat,  wood- 
wool, moss,  even  caith.  have  all  been  used  as  an  absorbent  dressing. 
At  present,  wound-dressing.s  are  represented  almost  universally  by  two 
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materials — cheese-cloth,  or  what  is  commonly  called  "  gauze,"  and 
absorbent  cotton.  These  also  were  at  one  time  applied  after  having 
been  saturated  with  various  antiseptics,  such  as  bichlorid  of  mercury, 
carbolic  acid,  salicylic  acid,  boric  acid.  etc. 

In  aseptic  surgery  the  present  practice  is  to  apply  such  sterilized 
dressings  as  are  suitable  completely  to  protect  the  wound  from  trau- 
matism and  readily  and  completely  to  absorb  such  discharges  as  occur, 
recognizing  the  fact  that  as  soon  as  the  dressings  have  become  par- 
tially saturated  they  should  be  entirely  removed  and  replaced  with 
fresh  sterilized  material.  Practically,  we  find  that  discharges  ab.sorbed 
into  sterilized  dressings  do  not  become  contaminated  through  the  air 
unless  the  dressings  have  been  left  so  long  in  place  that  they  have 
become  completely  saturated  and  the  absorbed  fluids  freely  exposed 
to  outside  influences.  As  soon  as  a  wound-dressing  has  become  satu- 
rated, or  so  clogged  with  wound- discharge  that  it  has  lost  its  original 
character  of  an  absorbent,  discharges  are  retained  in  the  wound,  and 
so  produce  all  the  evil  effects  of  septic  or  aseptic  fluids  under  tension. 

Chemical  materials  in  the  substance  of  the  dressings  do  not  favor 
the  absorbing  qualities  of  the  dressing,  and  do  not  counteract  the  evil 
effect  of  fluids  retained  under  tension.  It  is,  however,  a  clinical  fact 
that  when  iodoform  gauze  is  used  as  a  packing,  or  for  drainage  in  sep- 
tic wounds,  putrefactive  changes  in  the  discharges  take  place  less  read- 
ily than  when  simple  aseptic- gauze  is  employed.  Confidence  in  this 
preser\-ing  quality  of  iodoform  gauze  is  far  less  complete  now  than  it 
was  a  few  years  ago,  and  surgeons  are  much  more  frequently  making 
use  of  plain  sterilized  gauze  for  wound-dressings  and  for  drainage,  even 
when  discharges  are  thorougiiiy  septic. 

The  commercial  term  for  gauze  is  cheese-cloth,  which  can  be  con- 
veniently cut  into  pieces  one  yard  square,  and  folded  or  rolled  up,  as 
may  be  most  convenient. 

lodofarm  gauze  is  prepaml  by  dipping  plain  gnuxe  in  Ihc  following  mixture :  A  balf- 
pcNiDil  uf  iodofonn  powder  i*  ini««i  with  4  ounces  of  glycerin.  Two  liters  of  ihick  soap 
(odft  hihI  ibe  miilure  «f  i(Kl<>rurm  nnd  iil.vcrrin  aiE  (hen  stirred  together.  To  this  miilure 
«f«  added  Iwn  liier>  of  oirlaiUi.  add  solution  of  the  strenpih  of  I  to  20,  Tlie  cjuantily  thus 
prepAird  i^  sufficient  to  impie^uate  jo  yard^  of  ^ure.  I'lnin  iodoRtrm  gau/e  niav  nl^o  be 
IKppited  in  fl  simple  iiunncr  by  rubliin^  pure  iiKlorotm  powder  into  the  meUies  of  uniitmry 
cheese  tloth.  which  Tihoultl,  of  course,  be  previouslv  slerili'ed^  C>rilinarv  al>sorbent  cotton 
is  cut  tor  convenietR-e  into  sheet*  ot  wiunrcs  of  variou-i  lengths  and  siiCii. 

The  SterillzaUon  of  Dressings. — (>nuic  and  cotton,  having  bei^n  cut  and  made  up 
inln  «ri>ar3[tr  liiindlc^,  :rrL-  wrjpiHrd  up,  carefully  pinned  in  Loweh,  and  placed  in  a  steriliser. 
Al  the  Kooseielt  Hoipit.il  the  slerihirrs  are  pMvideil  with  metal  bone*,  which  re«  on 
sheiTe<.  These  Imjkc!  arc  about  one  fool  siiunre  nnd  four  inches  deep.  The  lid  is  Jelach- 
*bie.  Cine  en<!  of  the  box  has  a  series  of  openings  nrranj^ed  like  the  spokes  of  k  wlieel- 
l.>n  (he  outside  i>f  tlie  (>|ieiiing<  is  placed  n  cli'k  revolving  on  a  icntral  pivot.  *nie  disk  is 
oltai  proruled  with  openings  which  correspond  with  those  in  ihe  end  of  the  box,  A  free 
■ajoimou  of  hot  air  or  ateam  into  the  interior  of  the  box  thus  takes  place.  If  the  disk  is 
0ten  ■  pdttiiil  rFV»iutii>n,  the  i>]>rning«  no  lunger  coincide,  and  (he  cnvity  of  the  box  is 
*Kclikdcd  from  conimunicution  with  the  outside  air.  I'he  lid  of  the  box  is  Mi  arranged  that. 
when  Ibe  di;k  is  open,  the  lid  i'i  lightly  raised,  so  that  a  very  free  circulation  of  steam  Is 
pemutteil  When  the  disk  is  cto-el,  tlie  cover  falls  into  place  nnd  i»  locked  down  by  the 
MOK  action. 

The  Inn  having  Iteen  lineii  with  a  towel,  Ihe  dressing!!  inserteil,  and  the  lid  rc))laced 
with  the  di«k  ojKn,  it  is  |iut  inio  the  sterilijcr,  and  the  contents  sulmilHeil  to  ten  pounds' 
pnasure  of  live  iteam  foi  ImlF  ,in  hour.  the  ^li'iim  is  then  shut  off  from  the  sterilirer  and 
klloweil  to  play  without  pressure  in  the  jji  kcl  fur  half  nn  hour  to  dry  tile  dtcniiigi.  The 
Hcnlixiug  prtTcevi  js  rejieated  4111  the  following  day.      \\'hcii  the  firebugs  are  Lu  lie  rtukaved. 
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Ihc  swriliwr  is  opened,  nod,  as  each  bo»  is  taken  out,  Ihe  disk  is  turned  so  as  to  occlude 
llie  openings  as  otiovc  menlioncd,  this  aciioji  tlusing  Ihe  lid  firnilj-  and  locking  il.  Iodo- 
form gauze  is  steriliied  am!  kcpi  best  in  Ibc  [ullowinK  m.iimer ;  Strips  of  this  materia],  of  a 
convcnicDt  width  and  length,  are  put  imo  gloss  ignition -lubes,  the  mouths  of  which  are 
plugRcd  wiih  cotliiii.  These  lulies  arc  shaped  like  test-tubes,  about  sis  inches  long  and  one 
inch  in  diameter,  and  are  made  of  heavy  {i;lass. 

A  number  of  these  tubes,  firmly  packed  with  iodoform  gauze  and 
plugged  with  cotton,  are  put  in  a  wire  basket  which  fits  the  sterilizer. 
and  are  then  submitted  to  steam  sterilization  as  already  described. 
Towellings  and  other  loose  materials  are  packed  into  a  hirge  cyhndrical 
basket  of  wire  which  (its  the  sterilizer  and  is  capable  of  holding  a  large 
amount  of  material. 

I'ur  transport alion  nlioul  a  hospital,  the  Ixiies  such  ns  described  are  sufficient.  In  pri- 
vate practice,  a  tonvemenl  carrier  for  sterile  and  iodoform  game  is  a  large  gls-ss  tube,  a 

ftiot  lung  and  about  3  inches  in  diam- 
eter. 'I'he  mouth  of  this  lube  should 
lie  si.mtwiial  conlracted,  in  order  that, 
after  it  has  been  packed  with  gau/e,  it 
nuiy  be  securely  closed  with  a  cort<m 
plug.  These  lubes  are  convenient  for 
carrying  the  various  kinds  of  dr\'  dress- 
ings which  it  is  desired  to  keep  in  a 
sterile  condition.  The  lubes  are  packed 
with  such  materials  as  ore  rei.[uired. 
plugged  uilh  coUiin,  sterilized,  and 
not  opened  until  the  contents  are  to 
IfC  us«l-  If  Mfi  steam  sterilizer  is  at 
hand,  plain  game  can  be  safely  pre- 
pareil  by  a  simple  boiling  process,  ihe 
sfiUilion  used  being  a  1  per  cenL  solu- 
tion of  ordin.iry  washing  soda.  The 
gniij^e,  being  wrapped  in  a  towel  or  put 
intcf  a  bag,  is  thoroughly  boiled  for 
IllLeen  minutes.  When  removed  from 
the  biuler.  it  I'i  readily  dried  by  baking 
in  an  ordinaiy  oven.  Absorbent  cot- 
ton can  be  .sterilized  by  being  baked 
in  a  similar  manner  without  previous 
iHiiling.  It  should  not  be  forgotten  thol, 
when  these  dry  materials  are  to  be  ster- 
ilized in  a  steam  apparatus,  they  should 
be  previously  warmed  before  the  steam 
is  turned  on,  as  cold  dressings  produce 


Fid.  57. — L-irj^e  glass  cylinders  m  which  gauze 
is  to  be  packed  and  sterilized,  the  mouth  being 
plugged  with  eolliin.  Gauze  can  in  thl^  way  be 
carried   abnui   without   danger   of  infeetion. 


rapid  condensation  of  slcam.  and  thu'  become  unnecessarily  weL 

Preparation  of  Rnbber  Goods. — Articles  made  of  hard  rubber 
cannot  be  boiled  without  injury.  Pessaries,  nozzles  of  syringes,  etc., 
should  be  thorougiily  washed  in  soap  and  warm  water,  and  then  pre- 
served in  a  I  ;  looo  bichlorid-of-mercury  solution.  Soft  rubber  mate- 
rials, such  a.-!  drainage-tubes,  bulb- .syringes,  etc.,  are  to  be  boiled  in 
plain  water  and  then  presetted  in  the  sublimate  solution.  What  is 
commonly  called  "  rubber  tissue  "  consi.sts  of  verj'  thin  sheets  of  gutta- 
percha, and  is  used  for  .superficial  drainage,  for  covering  skin-grafts  or 
denuded  surfaces,  and  as  a  covering  for  outside  dressings,  to  keep  them 
moist.  This  material  should  be  thoroughly  washed  in  .soap  and  water, 
rinsed  off  in  fresh  water,  and  preserved  in  a  jar  containing  a  1  ;  lOOO 
bichlorid  solution.  The  water  which  comes  in  contact  with  gutta- 
percha must  not  be  too  hot,  as  the  material  is  very  delicate,  and  imme- 
diately shrivels  up  under  heat.     Glass  and  rubber  drainage-tubes  should 
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be  washed,  boiled  for  half  an  hour  in  the  i  per  cent,  sodium-carbonate 
solution,  and  preserved  in  jars  filled  with  1  ;  1000  sublimate  fluid. 

InstrtunentS. — Instruments,  with  as  few  exceptions  as  possible, 
should  be  of  metal,  and  it  is  desirable  that  they  be  simple  in  construc- 
tion and  smooth  on  the  surface,  that  they  may  be  easily  washed  and 
rendered  jjerlectly  clean.  Screw  joints  do  not  meet  this  indication. 
and  when  instruments  are  made  of  two  parts,  such  as  scissors,  the 
members  should  be  joined  by  locks  or  pivots,  which  will  permit  them 
to  be  readily  separated.  Immediately  after  use,  instruments  should  be 
scrubbed  with  a  brush  and  thoroughly  washed  with  soap  and  hot 
water.  They  should  then  be  boiled  before  being  placed  in  the  instru- 
ment case.  Just  before  operations  instruments  should  be  freshly  boiled 
for  fifteen  minutes  in  a  1  per  cent,  solution  of  sodium  carbonate.  Soda 
solution  is  more  serviceable  than  plain  water,  for  the  reason  that,  in 
the  former,  instruments  do  not  rust  and  sterilization  is  more  perfect. 
Almost  any  suitable  vessel  may  be  used  as  a  boiler  for  instruments. 
It  is  convenient  to  have  the  boiler  provided  with  a  wire  basket,  in 
which  the  instruments  are  placed,  and  which  facilitates  their  removal ; 
but  if  wrapped  in  towels  or  put  into  a  bag,  instruments  may  be  per- 
fectly well  sterilized  in  any  boiler,  and  without  apparatus  especially 
designed  for  the  purpo.se.  Care  must  be  taken  that  during  the  boiling 
process  no  instrument  comes  directly  in  contact  with  the  bottom  of 
the  boiler.  If  this  accident  happens,  the  instrument  is  liable  to  suffer 
from  too  high  temperature.  From  the  boiler,  instruments  should  be 
transferred,  witiiout  handling,  to  suitable  trays  containing  a  steriie  I 
per  cent,  soda  solution.  As  needles  and  knives  arc  injured  by  a  pro- 
longed process  of  boiling,  these  delicate  instruments  should  be  sub- 
jected to  sterilization  for  only  five  minutes,  a  period  which  is  long 
enough  for  their  complete  sterilization.  Syringes  and  aspirators,  if 
made  entirely  of  glass  or  metal,  may  be  boiled.  If  they  have  leather 
washers  they  should  be  taken  apart,  the  glass  and  metal  portions 
boiled,  and  the  leather  parts  washed  in  soap  and  water  and  then 
rin.sed  thoroughly  with  alcohol.  The  parts  of  these  instruments 
having  been  put  together,  the  whole  apparatus  is  preserved  in  a 
1:40  carbolic-acid  solution.  The  aspirator  needles  are  boiled  like 
other  instruments. 

For  tranaportalion  it  is  convenienl  to  have  mrlal  boxes  of  n  snilable  siie.  which  cnn  be 
iterili/nl.  lined  with  collon,  and  tilled  with  in^lnimenls.  For  amall  in^tnimenl.s  ji  conve- 
uienl  Ikii  i^  one  right  inched  long,  (our  Lnchc.'<i  wide,  and  one  and  a  half  inches  deep.  The 
co*ct  is  ia$l  like  Ihe  lower  part,  and  the  lidcs  of  rhe  cover  about  [he  <anie  depth  as  the 
>idei  of  Ihe  bottom  part.  The  cover,  being  slightly  latter,  telescopes  over  the  lower  por- 
lioru  Tlie  fitting  should  be  accuralc,  in  order  thai  the  box  may  lie  »  ncart;  lir-tighl  as 
IKmible, 

The  Preparation  of  the  Operator  and  the  Patient. — Fortu- 
nately, most  of  the  objects  that  conic  in  direct  contact  with  wounds 
made  by  the  surgeon  can  be  rendered  perfectly  sterile,  and  not  only 
slcnle.  but  also  non-irrilating  to  the  tissues.  There  is  no  difficulty  in 
having  absolutely  sterile  clothing,  sponges,  towels,  ligatures,  sutures, 
insirumcnis,  and  other  utensils.  If  these  sterile  objects  are  manipu- 
lated with  a  proper  regard  for  aseptic  tcchnic.  they  never  in  themselves 
cau.tc  disturbance  in  healing.     The  real  source  of  infection  of  a  wound 
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and  chemical  processes,  and.  on  account  of  the  irritating  efTect  of 
chemical  antiseptics,  no  method  can  be  frequently  and  continuously 
applied  without  causing  irritation  of  the  skin.  Of  the  various  methods 
generally  in  use,  there  are  three  that  demand  special  attention,  and  in 
all  of  tliem.  the  first  and  most  important  step  is  the  complete  removal 
of  ail  soiling  by  the  thorough  application  of  soap,  water,  and  scrubbing 
brush.  Hands  and  arms  should  be  thoroughly  cleansed  by  using 
strong  alkaline  .soap,  hot  water,  and  .scrubbing  bru.'ihes  tliat  have  been 
previously  sterilized,  in  order  to  obtain,  as  nearly  as  possible,  an  aseptic 
condition.  Scrubbing  brushes  should  be  boiled  in  a  1  per  cent,  solu- 
tion of  carbonate  of  soda  for  five  minutes,  and  then  kept  in  a  sterilized 
fluid.  While  scrubbing,  it  is  best  to  keep  the  hands  and  arms  immersed 
in  hot  water,  and  particular  attention  should  be  given  to  the  finger- 
nails, which  should  be  carefully  cleansed  with  a  good  instrument.  The 
nails  should  be  neatly  and  smoothly  trimmed,  and  ioost  biti^  of  epi- 
dermis completely  removed.  All  cuts,  cracks,  and  rings  interfere 
with  proper  cleansing.  Patches  of  collodion,  and  minor  dressings  of 
a  similar  character,  are  not  to  be  tolerated  on  the  hands  of  the  operat- 
ing sui^eon,  for  they  are  likely  to  act  as  sources  of  infection  to  the 
wound.     Collodion  is  not  aseptic. 

First  Process. — Of  the  three  methods  in  common  use,  that  of  Fijr- 
bringer  is  the  most  popular.  The  most  objectionable  feature  of  this 
process  is  the  use  of  bichlorid  of  mercurj-,  which  not  only  discolors 
the  hands,  but  frequently  causes  eczema,  and  leaves  the  skin  cracked, 
hard,  and  tender,  thus  forming  a  favorable  medium  for  the  growth  of 
bacteria.  Carbolic  acid  has  similar  harmful  effects.  The  details  of 
this  method  are  these:  1.  Thorough  scrubbing  of  the  hands  and  arms 
with  soft  soap  and  hot  water  for  at  least  three  minutes,  special  atten- 
tion being  paid  to  the  nails.  2.  Immersion  of  the  hands  and  forearms 
for  one  minute  in  95  per  cent  alcohol,  the  nails  and  the  fingers  being 
thoroughly  rubbed  and  scrubbed,  in  order  that  fats  and  debris  of  all 
kinds  maybe  removed,  and  the  penetration  of  the  bichlorid-of- mercury 
solution  be  more  direct.  3.  Final  rinsing  of  the  hands  and  forearms 
in  a  bichlorid-of-mercury  solution  (1  :  1000),  the  fluid  being  well  rubbed 
into  the  skin. 

Stcomi  Process. — 1.  Thorough  scrubbing  of  the  hands  and  forearms, 
as  in  the  first  method  described.  2.  Soaking  in  saturated  potassium- 
permanganate  solution,  at  a  temperature  of  110°  F.,  until  the  skin 
acquires  a  very  dark-brown  color.  3.  Immersion  of  the  hands  and 
forearms  in  a  saturated  solution  of  oxalic  acid,  at  a  temperature  of  1 10° 
F.,  until  the  skin  has  decolorized.  Oxalic  acid  is  probably  the  most 
active  antiseptic  agent  in  this  process,  the  permanganate  of  potash 
acting  simply  as  an  oxidizing  agent.  4.  Thorough  washing  in  ster- 
iliied  normal  salt  solution  or  in  ordinary  sterilised  Irmc  water.  5, 
Washing  in  bich!orid-of-mercury  solution  (i :  looo)  for  one  minute, 
and  then  in  sterilized  normal  salt  solution. 

Third  JViKfSS. — Tlic  receiit  reports  made  by  Dr  L.  A.  Stimson  in 
regard  to  a  process  which  was  first  suggested  by  Mr.  Rauschenberg, 
the  ph.trmacist  at  the  New  York  hospital,  have  attracted  much  atten- 
tion on  account  of  the  valuable  results  obtained  clinically.  The 
advantages  claimed  for  this  method  are  superior  sterilizing  power  and 
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exceptionally  perfect  removal  of  dead  epithelium,  fat,  and  debris.     The 
process  is  as  follows  : 

1.  Hands  and  arms  to  be  washed  as  in  the  otht;r  methods. 

2.  A  scant  tablespooiiful  of  chlorinated  lime  is  to  be  moistened 
with  enough  warm  water  to  make  a  thick  paste.  This  paste  is  to  be 
applied  thoroughly  to  the  hands  and  arms,  and  carefully  rubbed  in 
about  tlie  nails. 

3.  A  piece  of  carbonate  of  soda,  about  an  inch  square  and  a  half- 
inch  thick,  is  to  be  crushed  and  rubbed  into  this  paste  until  the  latter 
becomes  smooth.  A  sense  of  coolness  will  then  be  experienced,  fol- 
lowing the  sensation  of  heat  previously  caused  by  the  liberation  of 
chlorin  gas.     From  three  to  five  minutes  arc  thus  occupied. 

4.  The  hand.'*  are  now  to  be  rinsed  in  sterile  water  and  washed  in 
an  aqua  ammoni.T  solution  of  the  strength  of  jL  of  i  per  cent.,  in  order 
that  the  odor  of  chlorin  may  be  removed.  If  the  skin  becomes  irri- 
tated from  too  frequent  use  of  any  one  of  the  above  methods,  applica- 
tions of  glycerin  and  rose  water  in  equal  parts  after  operations  will 
relieve  the  discomfort. 

When  the  surgeon's  hands  are  intelligently  and  conscientiously 
cleansed  by  one  of  the  above- described  processes,  such  a  degree  of 
surface-sterility  can  be  obtained  that  bacteriological  tests  made  imme- 
diately after  the  application  of  the  process  furnish,  in  some  instances, 
95  per  cent,  of  successes.  Such  tests  may  be  made  by  removing 
scrapings  from  the  surface  of  the  hands,  especially  about  the  nails, 
and  placing  these  scrapings  in  sterilized  culture-media.  The  culture- 
tubes  are  then  placed  in  an  incubator  kept  at  a  temperature  of  So"  F. 
In  a  few  days'  time,  the  appearance  or  non-appearance  of  bacterial 
growth  in  the  tubes  will  indicate  whether  the  scrapings  placed  in  them 
were  free  from  germ-life  or  not.  It  is  evident,  of  course,  that  when 
one  is  investigating  the  condition  of  the  entire  hand,  such  a  test  as 
this  is  a  very  partial  one  only,  not  merely  with  reference  to  the  time 
of  the  beginning  of  an  operation,  but  also  having  in  mind  what  the 
condition  of  the  hands  shall  be  in  the  middle  or  at  the  end  of  the 
operation  ;  and  it  is  evident  from  the  con.sidcrable  number  of  failures  to 
produce  even  surface-sterilization,  such  as  will  bear  the  application  of 
this  very  partial  test,  that  absence  of  sterility  of  the  surgeon's  hand  is 
liable  to  exist  at  any  time.  We  mu.st  remember,  too,  that  in  hospital 
practice,  and  often  in  private  work,  the  hands  of  assistants  employed 
in  operations  are  frequently  changing,  and  that  every  k\\  months  new 
hands  are  introduced,  the  possessors  of  which  have  only  just  begun  to 
learn  the  method  of  cleansing  them.  Some  of  these  hands  come  in 
contact  with  old  wounds  and  with  foul  discharge.'^,  and  are  necessarily 
more  difficult  to  sterilize  than  others.  Moreover,  it  is  certain  that  the 
handling  of  infected  tissues  which  accompanies  the  dressing  of  any 
but  perfectly  aseptic  wounds,  and  the  methods  of  hand-cleansing 
which  roughen  or  crack  the  skin,  render  perfect  hand-sterilization 
excessively  difficult  or  impossible.  The  hand  exfoliates  epithelium  and 
excretes  from  its  glandular  apparatus  effete  material.  It  is  quite  cer- 
tain that  we  shnll  never  be  able  completely  to  sterilize  all  the  hands 
employed  in  an  operation  in  such  a  perfect  manner  that  they  will 
remain  sterile  until  the  operation  is  finished,  even  supposing  that  they 
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were  in  a  perfectly  sterile  condition  at  its  commencement.  Such  con- 
siderations have  led  some  surgeons  to  took  for  a  material  capable  of 
complete  and  permanent  sterilization,  and  possessing  the  quality  of 
impenetrability  to  fluids,  with  which  the  hands  might  be  covered,  and 
thus  the  danger  of  conveying  infection  through  their  medium  to 
wounds  be  absolutely  excluded.  The  problem  has  been  solved  in  a 
most  satisfactory  manner  by  the  introduction  for  the  surgeon's  use  of 
thin,  well-fitting  india-rubber  gloves.  These  can  be  sterilized  as  per- 
fectly as  any  instrument,  for  they  permit  the  use  of  boiling  water,  or 
of  steam  under  pressure,  and  they  are  impervious  to  fluids,  either  from 
u-ithin  or  from  without.  It  seems,  then,  that  this  improved  method 
answers  very  completely  the  question  in  regard  to  hand-steriliza- 
tion. 

Mikulicz's  au^Fstion  Ihal  slt^riliznl  collon  gloved  answer  the  indication  srema  Imrdly 
worth  ierioui  con siileni lion,  since,  although  oiUoii  glove>  con  be  llioroughly  sleritizeil.  Ihcy 
ire  enttrely  pervious  10  fluids,  and  the  hands  cncas«l  in  ihcm  must,  therefore,  if  noL  absa. 
lulcly  sterile,  be  quile  capable  of  coDveying  infetlion  10  ihe  wounds  which  they  are  hand- 
bii(>.  A  malcrial  penious  to  fluid  may.  of  course,  liltcr  from  Ihal  fluid  palpable  maizes  of 
rpiihelium  or  other  foreign  niarerial,  but  as  Huids  can  pass  fn>[n  Uie  wnund  through  them 
tu  the  hand,  and  again  return,  tEie  fundamental  rules  of  a.scplii:  surgery  arc  hardly  complied 
with  when  the  surgeon  uses  malerral  of  this  kind  to  cover  his  hands. 

India-rubber  gloves  are  readily  prepared  for  use  in  the  following 
manner :  They  are  first  thoroughly  washed  with  soap  and  hot  water, 
to  which  a  little  aqua  ammonia  has  been  added.  They  should  then 
be  boiled  for  fifteen  minutes  in  a  i  per  cent,  soda  solution.  Being 
carefully  removed  by  means  of  .sterile  forceps,  they  should  be  laid  in 
the  center  of  a  freshly  sterilized  towel,  which  is  then  to  be  folded  over 
them.  Operator,  assistants,  and  nurses  should  put  on  fresh  gloves  for 
each  operation.  If  the  hands  are  quite  dry  and  are  then  well  rubbed 
with  sterilized  starch  pmvder.  or,  indeed,  with  any  finely  divided  pow- 
der, the  gloves  can  be  quite  easily  drawn  on.  even  when  their  interior 
is  moist.  The  hands  may  also  be  moistened  with  glycerin,  or  with  any 
other  lubricating  material  which  does  not  contain  oil ;  the  wet  gloves 
can  then  be  easily  put  on.  Oily  lubricants  are  damaging  lo  india- 
rubber.  When  filled  with  any  sterile  fluid,  the  gloves  permit  ihe  hands 
to  enter  readily.  If  this  last  method  is  made  use  of,  the  hands  should 
be  first  .sterilized  as  completely  as  possible,  as  the  fluid  which  fills  the 
gloves  flows  out  and  over  its  outer  surface  as  the  hand  enters.  After 
the  gloves  have  been  put  on,  their  outer  surface  should,  as  a  final  pre- 
caution, be  carefully  rinsed  off  with  sterilized  salt  solution.  The  hand 
is  then  in  a  comlilion  of  such  perfect  sterilization  that,  gloved  in  this 
manner,  it  may  enter  and  handle  aseptic  tissues  without  tile  slightest 
danger  of  causing  infection. 

In  active  military  and  naval  service,  india-rubber  gloves  would  be 
of  ihe  greatest  value.  When  rolled  up  they  occupy  a  very  small  com- 
piss,  can  be  transported  in  a  sterilized  condition,  and  can  be  readily 
sterilized  over  and  over  again  in  any  small  vessel  which  can  serve  as  a 
boiler.  The  best  methods  of  sterilizing  the  hands  would  be  totally 
inipractiaihle  in  a  rapidly-filling  army  hospital,  but.  provided  with  a 
few  jxiirs  of  gloves,  an  army  or  navy  surgeon  need  never  tlread  causing 
infection  through  his  hands  to  the  wounds  which  he  makes.  At  the 
Roosevelt  Hospital  rubber  gloves  have  been  in  constant  use  for  over 
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a  year,  and  the  clinical  results  in  aseptic  surgerj-  art:  much  better  than 
have  ever  been  attained  in  that  institution  before. 

After  a  little  practice,  any  operation  can  be  done  as  well  with  rubber 
gloves  as  without  them;  nor  do  the  gloves  interfere  in  the  least  with 
accurate  palpation.  When  tissue,  such  as  a  portion  of  intestine,  is  very 
slippery,  the  difficulty  is  overcome  at  once  by  the  aid  of  a  piece  of 
sterile  gauze.  If  thick  pedicles  have  to  be  lied  with  force,  a  piece  of 
gauze  in  the  palm  of  the  iiand  prevents  the  ligature  from  cutting  the 
glove.  If  the  glove  finger  is  accidentally  cut  or  pricked,  the  wound 
may  be  at  once  closed  by  putting  over  it  an  extra  glove-finger.  Per^ 
forations  of  small  size  may  also  be  verj'  perfectly  mended  by  means 
of  a  rubber  cement  furnished  for  that  purpose.  A  pair  of  gloves 
handled  with  care  will  last  from  four  to  six  weeks,  even  when  used 
everj'  day. 

Preparation  of  the  Patient. — At  least  once  before  operation,  if  no 
contraindication  cxi.sts,  the  patient  should  be  given  a  thorough  hot 
bath  with  abundant  application  of  soap,  after  which  only  fresh  clothing 
should  be  worn.  Generally,  a  suitable  laxative  should  be  administered 
on  the  day  before  operation,  and,  on  the  morning  of  operation,  an  ordi- 
nary soap-and-water  enema  .should  be  given,  so  that  the  bowels  may 
be  properly  freed  from  accumulations.  No  food  of  any  kind  should 
be  taken  within  six  or  eight  hours  of  the  time  for  the  administration 
of  the  anesthetic,  excepting  that  a  few  tablespoon fu Is  of  coffee  or  a 
small  Clip  of  hot  broth  may  be  given  in  the  early  morning.  Stimula- 
tion, if  indicated,  should  be  given  through  the  rectum.  The  prelimi- 
nary preparation  of  theyiVA/  of  operation  should  be  made  in  the  follow- 
ing manner:  The  area  cleansed  should  always  be  much  larger  in  any 
case  than  the  part  to  be  immediately  involved  in  the  wound.  This  is 
absolutely  essential,  because  towels  about  the  immediate  operative 
field  become  easily  displaced,  thereby  often  exposing  unprepared  sur- 
faces, unless  sterilization  is  carried  wide  of  the  actual  operative  wound. 
Generally,  on  the  night  before,  the  skin  should  be  carefully  shaved,  if 
haiiy,  and  then  thoroughly  scrubbed  with  good  soap,  hot  water,  and  a 
sterilized  brush,  in  order  that  all  soiling  and  loose  epidermis  may  be 
removed,  and  special  care  should  be  taken  with  irregularities  of  surface, 
such  as  the  navel.     All  .soapy  material  should  be  then  washed  away. 

In  the  preparation  of  callous  or  verj'  dirty  integument,  such  as  that 
of  the  hands  and  feet,  sterilization  should  begin  two  days  beforehand, 
the  washing  process  being  repeated  twice  daily,  and  the  parts  continu- 
ously enveloped  in  a  soap  poultice  between  the  baths.  In  all  cases,  for 
at  least  six  or  eight  hours  before  an  operation,  the  whole  operative  field 
and  its  neighborhood  should  be  covered  with  a  soaj)  pouhice.  This 
poultice  is  made  by  taking  several  thicknesses  of  gauze  and  soaking 
them  in  a  quantity  of  soft  soap  suds  of  a  moderately  thick  consistence. 
The  water  contained  in  the  poultice  may  then  be  gently  .squeezed  out 
and  the  gauze  applied  to  the  skin.  During  the  process  of  sterilization, 
the  hand  of  the  person  employed  should  be  in  a  sterile  condition. 
When  the  patient  reaches  the  operating  table,  the  poultice  is  to  be 
removed,  the  surface  washed  off  and  thoroughly  rinsed  with  hot  water. 
The  parts  should  then  be  rubbed  with  alcohol,  .so  as  to  secure  the  com- 
plete removal   of  all   fatty  substances  and  other  debris,  and  finallj'  the 
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entire  area  should  be  washed  with  a  solution  of  bichlorid  of  mercury 
(I  :  1000),  or.  better  still,  pure  sulphuric  ctlicr.  One  should  be  careful, 
however,  and  see  that  under  no  circumstances  is  the  skin  excoriated  by 
loo  rough  scrubbing  or  by  the  too  free  use  of  chemical  applications. 
I,a-stly,  ulcerated  surfaces  in  or  near  the  immediate  oijerative  field 
should  generally  be  cauterized  with  the  Faquelin  cautery.  As  soon 
as  the  operative  field  and  its  surrounding  surface  have  been  thus  pre- 
pared, the  whole  region  should  be  immediately  covered  with  wet  steril- 
ized towels,  so  as  to  exclude  the  possibility  of  accidental  surface- infec- 
tion. The  entire  body,  c.scepting  such  space  as  is  required  for  operation, 
should  be  properly  protected  with  warm  coverings,  and  the  lower 
extremities  may  be  advantageously  enclosed  in  leggings.  Rubber 
sheetings  placed  over  the  blankets  or  other  coverings  prevent  the  latter 
from  becoming  soaked  with  the  fluids  used,  and  over  these  are  to  be 
spread  sterilized  towels  which  have  been  wrung  out  in  a  sterilized  salt 
solution.  During  the  operation  these  protecting  towels  should  be  fre- 
quently changed,  as  they  become  soiled  with  blood  or  other  materials. 
The  scalp  should  be  covered  with  a  rubber  cap,  over  which  should  be 
wrapped  a  wet  sterile  towel ;  and  the  ether  cone  should  be  protected 
with  towels  as  well.  Wet  towellings  have  a  great  advantage  over  dry 
ones,  since,  when  once  placed,  they  do  not  slip,  and  dust,  which  neces- 
sarily falls  upon  them,  is  detained  on  the  wet  surface.  If  these  direc- 
tions are  carefully  followed,  every  part  of  the  patient  excepting  his  face, 
and  every  part  of  the  table  and  of  the  unsterilized  coverings  over  the 
patient,  will  be  separated  from  the  surgeon,  his  assistants,  and  the 
operative  field  by  sterilized  material. 

Every  portion  of  the  body  which  is  lo  be  operated  upon  should  be 
prepared  for  operation  in  as  sterile  a  manner  as  is  consistent  with  the 
peculiarities  of  the  region.  If  an  operation  that  involves  the  mouth  is 
to  be  done,  the  whole  cavity  of  the  mouth,  the  teeth,  and  the  pharj-nx 
should  be  sterilized  as  completely  as  possible.  Loose  or  decayed  teeth 
should  generally  be  removed.  The  teeth  them.selvcs  should  be  fre- 
ijucntly  brushed  with  tooth  powder,  all  tartar  scraped  away,  and  the 
mouth  and  phar>'n.x  rinsed  and  gargled  at  frequent  intervals  with 
<>uitable  cleansing  material.  For  this  purpose,  peroxid  of  hydrogen, 
one  part  in  five  or  six.  is  the  best.  Similar  methods  are  to  be  applied 
to  the  cavities  of  the  nasc,  to  the  postna.sal  region,  to  the  ears  and  aural 
canal,  when  any  one  of  these  regions  is  to  be  included  in  the  operative 
field.  The  removal  of  adenoid  vegetations  from  the  nasopharynx,  of 
polypi  from  the  nose  or  aural  canal,  and  all  similar  o]K.'rations.  should 
iie\'cr  be  undertaken  without  careful  preliminary'  preparation  of  the 
parts.  The  failure  to  observe  this  rule  has  often  resulted  in  sepsis  of  a 
grave  character.  The  skin  of  ihi-  eyeliiis  and  the  conjunctiva  itself 
should  be  thoroughly  cleansed  before  an  operation  which  involves 
these  or  surrounding  parts,  no  matter  how  slight  the  operation.  For 
mechanic^il  cleansing  of  the  conjunctiva,  sterile  normal  salt  solution  is 
admirable,  as  is  also  a  warm  weak  solution  of  boric  acid.  If  the  cavity 
of  the  cranium  is  to  he  entered,  shaving  of  the  entire  head  is  never  to 
be  neglected.  Not  infrequently  the  scalp,  particularly  when  the  hair 
has  been  long  and  neglected,  is  covered  with  dense  masses  of  old 
epidermis  and  dried  discharges  from  eczema.     In  such  cases,  simply 
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wiiHliiii^r  with  .Hoap  and  water,  or  even  the  application  of  a  soap  poultice 
for  the  iixiial  leiij^th  of  time,  will  not  be  sufficient,  and  to  cleanse  the 
scalp  ihoniut^lily  it  will  be  necessary  first  to  soften  completely  the 
whole  surface  with  applications  of  sweet  oil  kept  upon  the  scalp  for  one 
or  two  dayH  prccedinif  the  final  washing.  If  sufficient  trouble  is  taken, 
and  tho  hair  cleanly  shaved,  it  is  possible  to  render  the  scalp  as  clean 
o»  any  olhrr  pirt  of  the  body. 

W'lu'ii  nperation.s  are  to  be  done  upon  the  stomach,  or  the  intestine 
imniNlialely  Iwlow  ihe  stomach,  it  is  be.st  to  precede  the  operation  by 
It  tliomnnh  luva^ie.  The  fluid  used  may  be  either  warm  water,  boric- 
acid  solution,  or  the  normal  .-ialt  solution.  By  this  means  the  stomach 
can  Ik>  rtiuk-red  ab.solutcly  clean. 

\'.\v\\  in  o{>eration.s  on  the  pharynx  and  upper  air-passages,  the  risk 
of  infertion  tlmni(;h  the  \omitinK  accompanying  or  following  etheriza- 
tion can  Ik-  lat^-lj-  diminished  by  la\-age  of  the  stomach  beforehand. 

tl(»er;»tions  ujkhi  an>-  p4.irtion  of  the  intestinal  tract  should  be  pre- 
ctHktl.  whenever  it  is  possible,  by  satisfactory-  empt>-ing  of  the  whole 
intcstin.d  canal  hy  means  of  suitable  laxati\-es.  In  addition  to  medica- 
tion, eneni.ita  can  be  used  with  grvat  adxantage  whene\-er  operations 
.iiv  \yt  Ik-  done  upi^n  the  lower  bowel.  A  thorough  cleansing  of  the 
r»x"t«m  and  anus  ix-rmits  most  operations  invohing  this  region  -to  be 
praeliseil  in  a  nearlj-  aseptic  manner.  It  is  hardly  neccssan-  to  mention 
that,  ill  ,dl  oix-ralions  ujn^n  the  intestines  and  gall-bladder,  ever^'  care 
.'ihould  tx-  taken  to  prevent  the  entrance  of  intestinal  contents  into  the 
ix-ritiHUMl  c.tvitv  or  u|.H>n  surrounding  coils  of  gui.  The  portion  of 
mtestine  to  he  ojxTiteti  upon  can  fivquently  be  brought  entirely  out 
thrv^ugh  the  ab«.lominjl  wound,  and  so  the  a  hole  operation  be  made 
fxtr,»jx'riti>nc.>I,  or,  at  least,  the  intestine  may  be  clamped  or  lied  abo%-e 
anil  l>eK»«  the  jvtrt  to  be  ojK-nt,xi  or  operated  upon,  and  so  the  passage 
\»l'  hv.ii  materia'.  b>-  the  seat  oi"  operation  be  avoided, 

V^.XTatv^ns  \:;x»n  the  KaSJ^r  j^J  tre^irj  ivxj^ijv  for  their  safe  per- 
tv>:i'.utv«.X'  \.';\  A-nv.>'e;e  I'e.ir.sinj;  v''!'  those  oTv^.ir.?.  The  bliifoer  should 
K-  i"i".^;^v.  iX'::",;""e:e"_v,  Sy  n^a;^?  of  a  cathiter,  a:  the  las;  r^orr^Tit 
ts-^\~:v  ■."•,x-r,i::,'ri       1:  shoul,;  ther  bf  r.I't-.: 


\\-;h  s,-f,v  <;.r.';.'  :^:;^:.  " 

.v.v:,;;-,- •   ',•     :tv   -,'.^.'  ,'•: 
r-.v"  :x'  ,■■,:■-.;  ;v*c<  ;~ 

A  v    -  ■-      ^'  -■..-:- 

M^vutr,--''   *■-:>,■,-  ■■■■  -. 
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a  1  per  cent,  solution  of  sodium  carbonate  heated  nearly  to  the 
boiling  point,  the  instruments  will  not  be  injured,  and  will  be  well  ster- 
ilized. Catheters  should  be  preserved  in  a  solution  of  bichlorid 
(I  :  1000),  all  traces  of  which  solution  should,  however,  be  washed 
away  witli  hot  water  before  the  instrument  enters  the  urethra.  The 
interior  of  catheters  can  best  be  cleansed  by  the  passage  through  them 
of  boiling  water  or  live  steam. 

The  vagina,  as  well  as  the  external  genitals  of  the  female,  deserve 
especial  attention  in  all  operations  which  involve  them  ;  and  they  should 
not  be  neglected  when  operation  is  to  be  done  upon  the  anus  or  lower 
rectum.  To  cleanse  the  vagina  thoroughly  a  speculum  is  necessarj-, 
so  that  it  may  be  held  widely  open  while  every  portion  of  it  is  wiped 
out  with  a  sponge  on  a  long  handle,  and  vigorous  applications  of 
Thiersch's  solution  should  be  made.  If  the  interior  of  the  uterus,  or 
even  the  cer\ix,is  to  be  entered  with  an  in.strimient,  these  tracts  should 
be  prepared  as  carefully  as  the  vagina,  and,  in  many  cases,  the  orifice 
of  the  cervix  and  its  canal  require  careful  curetting. 

Accident  Wounds. — A  large  proportion  of  accident  wounds,  such 
as  small  lacerations,  scalp  wounds,  gunshot  wounds,  and  even  com- 
pound fractures,  are  originally  nearly  aseptic,  and  remain  so  until  they 
have  been  handled  or  otherwise  actively  disturbed.  Such  wounds  fre- 
quently first  receive  officious  and  unskilful  attention  from  those  who 
make  no  pretence  at  cleanliness,  and,  by  the  time  they  come  under  the 
hand  of  the  surgeon,  are  already  infected.  The  application  of  septic 
temporary  hemostatic  apparatus  or  drugs,  ordinary  materials  used  as 
dressings,  ignorant  probing,  and  handling  with  dirty  fingers  and  instru- 
ments, more  frequently  infect  these  wounds  than  does  the  agent  of  the 
traumatism.  The  surgeon  should  therefore  treat  all  accident  wounds 
with  especial  care,  realizing  that  they  will  frequently  have  been  infected 
through  the  hands  of  some  other  person  before  they  reach  him.  More- 
over, such  wounds  are  frequently  irregular  in  outline  and  complicated 
by  lacerated  and  conlu.sed  edges.  If.  in  any  case,  it  seems  best  to 
close  such  a  wound  by  suture,  it  should  first  be  very  carefully  disin- 
fected. If  doubt  exists  in  the  mind  of  the  surgeon  as  to  the  thorough 
disinfection  of  such  wound,  it  is  far  better  to  leave  the  wound  open, 
packed  with  suitable  material  for  drainage,  than  it  is  to  apply  a  suture. 
For  the  temporary  control  of  hemorrhage  from  any  but  large  ves- 
sels in  accident  wounds,  nothing  is  better  or  safer  than  compre.ssion 
c.\crted  by  means  of  sterilized  gauze,  which  fills  the  wound  and  is  held 
in  place  by  a  sterile  bandage.  The  final  dressing  of  all  accident 
wounds  should  include  very  thorough  cleansing  of  the  skin  of  the 
entire  neighborhood  about  the  wound.  The  wound  itself  should  be 
washed  thoroughly  with  a  non-irritating  fluid,  such  as  norma!  salt 
solution  or  Thiersch's  solution.  It  should  then  be  dried  by  the  use  of 
sterilized  gauze.  Ragged  edges  which  are  evidently  bcjond  recovery 
should  be  cut  away,  undermined  edges  lifted,  and  the  underlying  spaces 
sterilized.  Whether  such  wounds  may  be  closed  by  suture  or  not 
must,  of  course,  be  decided  according  to  the  judgment  of  the  surgeon 
in  ch.irgc.  As  a  rule,  provision  for  some  drainage  should  be  made, 
and  for  this  purpose  capillary  drainage  obtained  by  means  of  gauKC 
packings  is  better  than  any  arrangement  of  drainage-tubes.  Exten- 
I* 
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sive,  deep,  lacerated  wounds  should  under  no  circumstances  be  closed 
primarily,  and  in  a  very  large  majority  of  cases  secondary  suture  is 
far  safer  than  primary  closure.  Such  secondary  suture  maj-  be  well 
applied  often  on  the  second  or  third  day,  the  absence  of  infection  being 
by  that  time  dL-termined. 

Wotmd-suture  and  Drainage. — Before  operation  wounds  are 
sutured,  they  should  be  carefully  washed  out  with  hot  salt  solution, 
so  that  all  blood-clots  may  be  removed.  All  oozing  points  should  be 
carefully  ligated,  preferably  with  fine  catgut,  and  all  hanging  fragments 
that  are  liable  to  necrosis  should  be  cut  away.  If  a  wound  is  to  be 
completely  closed,  the  surgeon  should  endeavor,  by  means  of  properly 
applied  sutures,  to  bring  all  raw  surfaces  in  contact  with  the  opposite 
ones,  and.  so  far  as  possible,  he  should  so  arrange  the  deep  and  super- 
ficial tissues  that  no  dead  spaces  are  left  in  which  serum  and  blood 
may  accumulate.  For  buried  sutures,  as  has  been  already  stated, 
catgut  is  to  be  preferred  to  any  other  material.  It  is  true,  however, 
that  many  surgeons  make  free  use  of  silk,  silkworm-gut,  and  even 
silver  wire,  the  objection  to  these  three  materials  being,  in  the 
opinion  of  the  writer,  a  grave  one — namely,  their  n  on -absorbability. 
The  different  layers  of  tissue  in  wounds  should,  as  far  as  possible,  be 
sutured  to  corresponding  layers  on  the  opposite  side.  In  some  cases, 
where  haste  is  rcquiied,  it  is  permissible  to  pass  sutures  from  the  sur- 
face through  the  entire  thickness  of  a  flap,  even  when  it  is  composed 
of  a  number  of  different  layers,  omitting  entirely,  in  order  to  save  time, 
special  suturing  of  separate  tissues.  This  method  of  suture,  however, 
is  not  likely  to  yield  as  perfect  a  cicatrix  through  the  whole  surface  of 
the  wound  as  the  separate  suture  of  tissue  to  tissue.  It  is  better  to 
avoid  placing  a  suture  than  to  place  it  where  great  tension  will  be 
caused  by  drawing  wound-edges  together,  for  continued  tension  will 
produce  either  necrosis  from  complete  shutting  off  of  blond-supply,  or 
tissue-absoiptioii,  which  again  may  invite  the  development  and  multi- 
plication of  otherwise  harmless  bacteria.  Skin-edges  .should  be  well 
supported  in  all  large  wounds  by  a  number  of  sutures  of  fairly  large 
size  which  pass  through  the  skin  at  points  }  or  ^  inch  distant  from  the 
edge  of  the  wound.  These  sutures  may  be  placed  from  1  to  2  inches 
apart.  The  immediate  suture  of  the  edges  of  the  wound  should  be  as 
complete  as  possible  and  safe.  It  may  be  made  either  with  fine  catgut 
or  with  fine  silk,  the  writer  preferring  the  latter  material  for  skin- 
sutures.  Fine  silk  is  stronger  than  catgut  of  a  corresponding  size;  it 
is  more  pliable,  and  it  leaves  a  neater  cicatrix.  For  the  strong  sup- 
porting sutures,  many  surgeons  prefer  silkworm-gut  or  silver  wire,  and 
for  the  final  immediate  skin-suture,  some  use  a  buried  fine  silk  strand, 
which  does  not  pass  through  the  skin  at  all,  but  catches  up  only  the 
immediate  subcutaneous  edge.  Theoretically,  a  perfectly  aseptic 
wound  may  be  completely  closed  without  drainage  of  any  kind,  and 
this  practice  may  in  many  instances  be  followed  by  complete  success. 
It  can  be  accomplished  uniformly,  however,  only  at  the  expense  of  a 
large  amount  of  time  devoted  to  the  permanent  checking  of  all  hemor- 
rhage, however  slight,  and  by  very  complete  and  time-consuming  atten- 
tion to  the  obliteration  of  all  dead  spaces.  All  wounded  tissues  exude 
a  certain  amount  of  serum,  and  there  are  few  wounds,  no  matter  how 
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carefully  attended  to,  which  are  not  followed  by  more  or  less  subcu- 
taneous bloody  oozing.  In  a  small  proportion  of  cases,  which  at  the 
time  of  closure  seem  to  be  absolutely  free  from  bleeding,  one  or  more 
vessels  will,  after  closure,  allow  of  a  considerable  hemorrhage  into  the 
tissues.  The  presence  of  pure  serum  or  blood-clot  in  the  cellular  siwces 
of  a  wound  Is  certainly  an  invitation  to  bacterial  development  which, 
in  a  perfectly  empty  wound,  would  not  take  place.  Whether  it  is 
worth  while  to  accept  even  a  small  risk  of  such  accident  for  the  sake 
of  completely  closing  the  wound  in  an  ideal  manner  must  be  left  to 
the  judgment  of  each  surgeon.  Carefully  applied  drainage,  in  one 
form  or  another,  provides  against  accumulations  of  serum,  accidental 
bleeding  into  the  tissues,  and  reduces  to  a  minimum  the  chance  of 
bacterial  invasion.  The  writer  therefore  prefers  to  give  up  the  ideal 
closure  of  wounds  without  drainage  of  any  kind,  and  so  avoid  much 
loss  of  time  and  some  risk  to  the  patient.  Drainage,  therefore,  should 
be  applied  to  almost  all  wounds,  even  those  which  are  presumably 
perfectly  aseptic,  in  order  to  remove  from  the  intercellular  planes  such 
serous  or  bloody  exudations  as  are  certain  to  exist  to  a  greater  or  less 
degree.  In  aseptic  wounds,  drainage  for  the  purpose  above  mentioned 
will  have  accomplished  its  object  within  a  very  few  hours,  and  should 
be  removed  at  the  first  convenient  opportunity.  This  is  generally 
done  at  tlie  first  change  of  dri^ssings.  Such  change  might  well  be 
made  on  the  next  day  after  operation,  if  it  were  not  that  a  disturbance 
of  dressings  at  so  early  a  period  is  generally  very  uncomfortable  for 
the  p;itient.  As  a  rule,  therefore,  this  temporary  drain  age -mate  rial  is 
most  conveniently  taken  away  at  the  end  of  about  forty-eight  hours. 
All  superficial  aseptic  wounds,  and  even  many  large  and  deep  ones, 
may  be  perfectly  drained  if  the  surgeon  introduces  at  one  or  two 
points  a  narrow  strip  of  thin  gutla-percha  tissue,  which  should  pass 
from  the  surface  to  the  deepest  portion  of  the  wound  that  requires 
emptying.  Such  strips  can  be  readily  placed  by  means  of  a  probe. 
They  should  be  from  \  of  an  inch  to  \  inch  wide,  and  should  project 
abtn'c  the  surface  for  about  an  inch.  Scrum  or  fluid  blood  will  find 
its  way  by  the  side  of  such  drainage- mate  rial  into  the  superficial  wound- 
dressing,  so  that,  when  the  first  change  of  dressings  is  made,  this  mate- 
rial will  be  found  always  to  contain  a  considerable  quantity  of  fluid, 
and  the  wound  will  be  satisfactorily  flat  and  free  from  all  accumula- 
tions. Moreover,  these  strips  of  thin  gutta-|x;rcha  never  leave  behind 
them  a  prolonged  sinus,  even  when  left  in  place  for  a  considerable 
length  of  time,  and  the  wounds  to  which  tlicy  are  applied  heal  with 
great  rapidity.  Where,  however,  a  considerable  opportunity  exists,  as 
in  the  axilla  after  its  complete  excavation,  for  the  accumulation  of 
bloody  fluid,  it  is  safer  to  introduce  a  drainage-tube  at  a  conveniently 
dependent  point.  Such  a  drainage  tube,  if  left  too  long  in  place,  is 
likely  to  give  rise  to  the  existence  of  a  sinus  which  may  la.st  for  .some 
little  time.  If  the  tube  is  removed,  however,  on  the  second  or  third 
d.ty.  the  place  which  it  occupied  invariably  heals  without  difficulty. 
For  tubc-driiinage,  india-rubber  is  usually  the  most  convenient,  but, 
instead  of  india-rubber,  tubes  may  be  made  of  ab.sorbablc  bone,  of 
glas.s,  or  of  metal.  India-rubber  tubes,  from  their  pliabilitj-.  are  to  be 
preferred  in  ordinary  wounds.     Wherever  there  is  a  liability  to  com- 
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tirt'ssiiiii  tif  tlK-  tube  to  such  an  extent  as  to  occlude  its  caliber,  glass 
IS  the  most  suitable  material.  Especially  is  this  true  where  the  pelvis 
ntniiix-s  ilriiiiiat;e  front  the  bottom  of  this  ca^-ity  to  the  abdominal 
wall,  Ordiuarih",  cavities  rcquirinfi  drainage,  which  are  ver^'  insular 
in  sha)X',  or  hu\'c  collapsible  walls,  such  as  are  formed  by  coils  of 
int(-stinc,  m.i>'  be  more  perfectly  kept  eiiipt)-  bj-  capillary-drainage, 
stich  as  is  fiirnishvi)  by  j;auze  packings,  than  by  tubes.  A  combina- 
liiku  4>f  cajwllary-  awX  mbe-drainage  is  occasionally  ven"  \-aluab)e. 
Swch  «.>kmhiitation,  and,  indeed,  capillar>-dnunage  in  general,  is  only 
rt>iuii\\l  ill  septic  wounds,  or  in  those  which,  from  their  nature,  are 
liable  to  become  se|Wic. 

In  cases  of  st'ptic  [»eritonitis,  the  abdominal  ca\it>-  haxing  been 
fitund  to  cv>iit;un  a  quantity  of  turbid  fluid,  extensive  washings  with 
sterile  s^ilt  solution,  at  a  temperature  of  from  i  lO^"  to  XIXT  F.,  are  first 
nudi'  use  of.  Such  washing  is  capable  of  cleansing  the  peritoneal 
ca\nty  to  such  an  extent  that  it  is  nearly  aseptic,  but.  of  course,  all  of 
the  washing  fluid  is  never  removed:  and  yet  it  is  desirable  that  the 
|X"ritoiieal  cavity  should  be  completely-  emptied  as  soon  as  possible. 
rh^"  remnants  of  irr^ating  niateriil.  and  also  the  fresh  exudanons  of 
s^Tunj,  are  likely  to  tind  their  way  into  the  pelvis,  and  can  be  best 
•.traiiKvl  from  this  ca«ty  by  means  v^f  a  targe  gtasi>  :-.;be.  This  should 
be  from  \  to  f  of  ar.  ineh  in  diameter,  oiiei;  at  bi  th  ends,  and  long 
em'ugh  to  extcHvi  from  the  bottom  ot'  rhe  pel\"i5  to  the  suniice  of  the 
abdvHni:^aI  wal!.  Vhe  lower  third  of  the  tube  sho;:Ic  be  pierceii  w^lth 
small  hoies  :;;  the  sides,  so  as  to  orS;r  a  greater  orcvrruziw  »c  the 
esc.ijv  of  :^-id  TTvm  the  pcivis  i;:to  rhe  c-a\ic\-  of  the  tube.  A  pi«s:e  oi 
j;auA.'  which  ivtsses  to  tee  bott^-m  (.-f  :he  tube  shocid  be  i«M  in  thai 
s<cuac>,-{^,  a;*!.:  th:s  will,  by  capillar>  -^:ra:r.age.  convey  s;-.:ch  of  ihe  i^ti. 
t^'  ;"v  s-:race.  .\!fer  ^.-ceracon,  however,  cus  ^::-n:  shoi;Zd  be  retnov^ 
every  vt:r  or  si.x  hv'cr?  i'r  a  day  or  r*o,  so  ztm:  rhe  ir-Krcr  oc  "ix 
VixX  :;;av  S.-  '■iei'C  reasi'r:abiv-  c;rn?tv-  fc~vi;r!  :r.  s^ch  joses,  f  rhe  .-ren- 
r;oi;  has  S.v;  Aei'.  :rM:Ta^ev:  arc  ^x  woslnr^i  :r:aoe  .rtrr^ierc.  rhe  ^rtiric 
IS-  ac  .-fcv  hf-'C's^hr  r-"  a  ".en"  verier  c-.'riiiri'.T*,  i;:ii  r;:e  r.hes.  i  i:u::c 
?.-  ..--fC.i,:'  -xri-crS  cieo.-:  sir--~  .rly  ~:a--  S:  joih-  rsTT^.  :-i  i:  rhe 
..■'■ti  -'i"  ■«■; r- ■^fji.'-c  hoi.:>k  !■:  .-:htr  ■-■orrs  .f  t::e  ihiJi-trcTr  rl:c-is:  ".arr;^ 
j^.o-NS  ;-.?vs  v.;.-    rx.  ■K-j -i:r:t--   -^•i  :■.■   ^r^i:  jcxtti^, 

',t  -^•■■i-.,-    rt  r.;t.    .C'tct  .■(  r.Te  s^-r^it-n    :t   .!a::oI:"^  ~i.-.'cc  a  "cr.ii^ 
?-•  h.Vi,  rx'rt   j;>  -Jriiih    -^  ;,-«'ssh;e   :;   j    ,m.-u;    ,-.■:■■.:;--;:.      ~z;s   ro:: 

■v*!;\-  :.    r>    jr  „:■.:„;,     \   l.     -lycc  ,s.-.-,:r-'.-    '..■  ^    ..>:-:_:r ,.  ,;r   .■       r:r 
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they  are  septic  or  aseptic,  deserves  a  close  attention  to  detail.     Wounds 
are  rarely  infected,  if  only  reasonable  care  is  taken,  at  the  time  of  the 
change  of  dressings.     Nevertheless,  it  is  quite  possible  at  this  time  by 
carelessness  to  introduce  infection,  cither  through  the  agency  of  soiled 
fingers,  imperfect  dressing-material,  imperfectly  sterilized  instruments, 
or  by  contact  with  bedding  and  underclothing.     If  the  condition  of 
the  hands  employed  in  making  a  dressing  is  doubtful,  sterilized  india- 
rubber  gloves  should  be  worn,  and  it  is  verj'  desirable  that  the  dresser 
and  person  assisting  him  should  carefully  avoid  carrying  infection  from 
a  septic  case  to  a  clean  one.     Before  the  wound  is  exposed,  and  before 
the  deeper  dressing  is  removed,  the  bedding  and  underclothing  should 
be  e.vcluded  from  contact  with  the  wound  by  covering  them  with  ster- 
ilized towels  or  rubber  .sheeting.     The  patient's  hands  should  be  placed 
where  they  may  do  no  harm.     The  instruments  to  be  used  should  have 
been  just  sterilized,  and  all  the  dressing-material  should  be  in  a  perfect 
condition.     Implements  of  all  kinds,  such  as  bowls,  irrigators,  syringes, 
etc.,  which  are  to  be  used  in  connection  with  the  dressing,  should,  of 
course,  be  absolutely  free  from  infection.     The  dressing  may  now  be 
removed,  the  wound  properly  attended  to,  such  sutures  as  have  served 
their  purpose  removed,  and  all  skin  in  the  immediate  neighborhood  of 
the  wound-surface  thoroughly  cleansed.     For  this  purpo.se  hydrogen 
peroxid  is  admirable.      The  wound   should,  of  course,  be  carefully 
inspected  with  a  view  to  the  possibility  of  infection,  and  if  any  signs 
of  this  accident  present  themselves,  the  suspected  portion   of  wound, 
or  even  the  whole  of  it.  should   at   once   be   laid   open,  and   treated 
according  to  the  condition  found.     As  a  rule,  aseptic  wounds  which 
have  been  verj'  completely  closed  require  a  change  of  dressings  at  the 
end  of  forty -eight  hours,  in  order  that  all  material  soiled  with  discharge 
of  bl(Kid  or   serum   may  be  removed,  as  well    as   drainage-material. 
Frequently,  at  this  time,  heavy  supporting  stitches  may  be  advantage- 
ously cut.     Where  there  is  tension,  it  is  often  better  to  let  these  la.st- 
mcntioncd  stitches  remain  in  place  for  a  few  days  longer.     The  suture 
at  the  edge  of  the  skin  need  not  be  disturbed  ordinarily  before  the 
se%'enth  or  eighth  day.     In  the  dres.sing  of  such  open  wounds  as  have 
been  freely  packed,  irrigation  is  comparatively  seldom  of  value.     Dry 
cleansing  of  the  wound — that  is,  the  absorbing  of  all  fluids  by  means 
of  sterilized  gauze  or  cotton — is  generally  to  be  preferred  to  irrigation 
with  fluid.     In   any  ca.se.  all   irritating  fluids,   which  by  their  caustic 
cfiects  might  interfere  with  the  production  of  granulation-lissue.  are  to 
be  avoided.     If  a  fluid  is  required  for  mechanical  cleansing,  the  safest 
m.iterial  is  normal  salt  solution.     Unless  actual  sloughs  exist,  solutions 
of  carbolic  acid  and  bichlorid  of  mercury  are  rarely  desirable.  Actually 
dead  material  had  better  be  removed  with  scissors  at  once.     A  dress- 
ing similar  to  that  applied  at  the  time  of  operation  is  then  to  be  care- 
fiilly  replaced.     It  is  a  mistake  to  suppose  that  because  a  wound  has 
become  infected,  and  is  already  discharging  septic  material,  it  cannot 
therefore  be  injured  by  soiled  hands  and  by  the  use  of  infected  mate- 
rials.     No  wounds  require  greater  care  than  open  .septic  ones,  and  if 
the  surgeon  desires,  as  he  must,  to  bring  them  as  rapidly  as  possible 
to  a  condition  nearly  approaching  asepsis,  he  must  treat  them  with  as 
great  attention  to  aseptic  detail  as  is  possible  under  the  circumstances. 


294 


JNTEHNATIONAL    TEXTBOOK  OF  SURGERY. 


The  Operation. — The  manner  in  which  the  various  items  of  the 
aseptic  surf^eon's  paraphernaha  must  be  prepared  has  now  been  given 
in  detail,  and  it  only  remains  to  consider  how  they  may  be  brought 
together  and  utilized,  so  as  to  be  effective  in  producing  an  aseptic 
result.  Proper  preparations  for  the  aseptic  operation  are  absolutely 
essential,  and  scarcely  less  important  are  the  system  and  manner  of 
making  use  of  the  articles  prepared.  Carelessness  in  regard  to  the 
latter  point  may  entirely  destroy  the  value  of  the  former,  for  in  the 
course  of  an  operation  a  single  neglect  of  the  clearly  defined  rules  of 
aseptic  manipulation  may  render  valueless  all  the  precautions  that  were 
previously,  and  are  subsequently,  observed.  The  one  general  rule 
must  be  that  no  object,  be  it  hand,  arm.  instrument,  sponge,  or  ligature, 
which  is  to  come  in  contact  with  the  field  of  operation,  shall,  even  on  a 
single  occasion,  touch  any  otiier  object  which  is  not  positively  known 
to  be  in  a  sterilized  condition.  To  observe  this  rule  requires  only  con- 
viction on  the  part  of  every  person  concerned  in  regard  to  its  impor- 
tance, for  if  the  conviction  exists,  habit  of  observing  it  is  rapidly 
acquired. 

It  is  convenient  to  begin  with  an  operation  done  in  an  ordinary 
house,  where  previously  no  special  arrangements  suitable  for  operation 
have  existed.  The  room  selected,  if  the  operation  is  to  be  done  by 
daylight,  should,  if  po.ssible,  be  one  well  lighted  by  at  least  two  win- 
dows on  the  north  side,  as  direct  sunlight  is  dazzling  and  confusing. 
It  is  convenient  to  arrange,  if  pos.sible,  that  the  room  selected  for  oper- 
ations shall  communicate  immediately  with  another  room,  in  which  the 
patient  may  be  anesthetized,  and,  if  possible,  a  bath-room  with  hot  and 
cold  water  should  be  close  at  hand.  Formerly,  it  was  considered 
necessarj'  that  the  operating  room  should  be  made  entirely  bare  of  fur- 
niture, hangings,  pictures,  carpets,  etc.  Of  course,  when  such  prepara- 
tion of  a  room  was  made,  it  was  necessarj'  to  begin  the  preparations  at 
lea.st  two  days  beforehand.  After  the  room  had  been  completely 
stripped  of  furniture,  it  was  dusted  and  washed,  and  all  the  wootlwork 
rubbed  with  swabs  wet  in  a  carbolic-acid  solution.  Even  the  floor  was 
treated  in  the  same  manner.  These  preparations  were  required  on  tlie 
theorj-  that  ordinary  dust  was  a  verj'  important  carrier  of  infection  to 
wounds,  and  that  not  only  must  every  particle  of  dust  be  removed 
from  a  room,  but  everj''  object,  as  well,  which  might  serve  as  a  resting- 
place  for  dust  settling  at  a  later  period  from  the  atmosphere.  It  is 
generally  acknowledged  now  that  too  much  regard  has  been  paid  to 
the  element  of  du.Bt,  and  that  while  it  was  very  desirable  that  operations 
should  be  conducted  in  a  clean  atmosphere,  du.st  which  is  at  rest  on 
objects  in  a  room,  and  which  is  not  disturbed  in  the  course  of  an  oper- 
ation, is  not  liable  to  do  injury.  All  unnecessary  furniture  had  better 
be  removed,  as  it  obstructs  walking  space,  and  is  likely  to  be  touched 
or  moved  during  the  operative  work.  Loose  hangings  which  obstruct 
light,  and  which  have  the  same  objection  that  unnecessarj'  furniture 
has,  should  .tlso  be  taken  down.  Carpets  and  rugs  may  be  left  in 
place,  provided  only  that  they  are  covered  with  clean  linen  or  cotton 
in  such  a  manner  that  any  dust  which  lies  upon  them  shall  not  arise 
into  the  air.  Any  piece  of  furniture  which  remains  in  a  room,  and 
which  is  likely  to  harbor  loose  dust,  should  also  be  properly  covered. 
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The  operating  table  may  be  of  the  simplest  possible  description. 
An  ordinary  wooden  table,  ji  to  6  feet  long,  of  a  convenient  height, 
and  with  strong  legs,  is  quite  suitable.  This  should  be  well  covered, 
first  with  blankets  for  comfort,  then  with  rubber  sheeting  to  prevent 
wetting,  and  finally,  over  all,  with  a  perfectly  clean  linen  or  cotton 
sheet.  Other  tables,  two  or  three  in  number,  covered  also  wilh  clean, 
freshly  laundered  material,  are  required  for  bowls  and  pitchers,  instru- 
ments, sponges,  etc.  Uefore  the  instrument  trays  and  bowls  for  sponges 
have  been  arranged  upon  the  tables,  t!te  latter  should  be  finally  covered 
with  sterihzed  wet  towels.  These  tables  should  be  placed  in  convenient 
relationship  to  the  operating  table,  and  be  so  placed  about  it  that  arti- 
cles upon  them  can  be  readily  reached,  and  yet  so  that  they  shall  not 
interfere  with  freedom  of  motion  or  with  the  entrance  of  liglit.  A  good 
supply  of  sterile  water  must  be  at  hand,  and  this  can  be  prepared  in 
the  kitchen  or  laundry  by  boiling  ordinary  water  in  a  clean  boiler, 
which  is  to  be  brought  to  the  o[»erating  room  long  enough  beforehand 
to  permit  it  to  cool  off  to  a  reasonable  temperature.  It  is  convenient. 
also,  to  have  a  supply  of  cold  sterile  water,  which  can  be  prepared 
some  hours  before  the  operation  by  boiling,  or  can  be  readily  purchased 
in  the  form  of  distilled  water,  a  good  sample  of  it  being  known  as 
Hygeia  Water.  Of  course,  neither  hot  nor  cold  sterile  water  should 
be  exposed  to  settling  dust  until  the  time  for  operation  arrives.  In 
private  houses,  wet  sleriliited  towels  are  readily  prepared  by  boiling  a 
desired  number  for  a  half-hour  in  a  i  per  cent,  sodium-carbonate  solu- 
tion. Before  boiling,  these  towels  had  better  be  thrust  into  a  cotton 
bag  or  wrapped  in  a  clean  sheet,  so  that  the  whole  bundle  may  be 
boiled  at  once  and  easily  lifted  out  in  a  mass.  From  the  enveloping 
sheeting  Ihey  may  be  dropped  into  a  previously  sterilized  bowl,  from 
which  they  may  be  taken  with  gloved  hands  or  with  a  clean  pair  of 
forceps,  one  at  a  time,  as  required.  The  patient  should  be  anesthetized 
in  a  separate  room,  in  order  that  the  operating  room  may  be  entirely 
at  the  disposal  of  nurses  and  a.ssislants  up  to  the  time  of  operation.  It 
is  undesirable,  also,  that  the  patient  should  see  the  preparations  that 
have  been  made.  The  general  look  of  an  ofierating  room  has  upon 
some  patients  a  very  undesirable  effect.  The  patient  is  now  to  be  car- 
ried to  the  operating  room  on  a  suitable  stretcher,  hands  and  arms 
alone  not  being  satisfactory  for  this  purpose. 

A  poiubie  strdcbcT  for  use  in  priFole  hoiues  has  been  devised  by  [he  wrilet.  Ii  cnnsists 
<ir  t«o  »ety  liltht  iix-anct-a  h.-ilf  fool  tubular  rods  of  aluminum.  The^e  arc  hinged  in  llie 
midille.  w  ihal  the  length  of  the  «tietcber  may  be  diminished  by  nneliair  fur  tont'ciiicnrc  In 
ttnyini:.  When  Jl  fuil  length,  Ihe  lubular  mkU  ate  tnslencil  li^elher  by  a  IransYerse  une  at 
fHhef  cml.  ibeie  iransterse  ntds  being  movjible.  The  bed  of  (lie  slrelcbcr  U  formed  by  a 
fliung  pirte  uC  caniari.  Thr  wlmli^  Mp^uiintus  can  be  folded  in  (he  middle  and  then  rolled 
ap,  so  as  to  make  a  onall  and  light  bijiidle. 

The  patient  having  been  put  upon  the  operating  tabic,  and  all  parts 
that  do  not  have  to  be  e.vposcd  being  warmly  covered,  thin  rubber 
*hcetings  should  be  spread  over  all  excepting  the  operative  field. 
Tliesc.  of  course,  are  so  arranged  as  to  prevent  unnecessary  wetting. 
Over  these  rubber  sheetings,  numerous  wet  sterilized  towels  should  be 
so  arranged  that  nothing  but  the  operative  field  remains  exposed.  If 
any  position  other  than  the  dorsal  recumbent  one  is  desired,  it  can 
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readily  be  secured  by  lifting  the  head  or  foot  of  the  table  as  required, 
or  by  the  use  of  a  number  of  pillow?  suitably  covered.  The  final  ster- 
ilisation of  the  operative  field  should  now  be  made,  and,  last  of  all, 
evejy  hand  that  is  to  be  employed  must  be  surgically  clean.  In  this 
connection,  the  value  of  rubber  gloves  may  be  again  referred  to,  for  a 
pair  which  has  been  employed  in  the  final  arrangement  of  the  ^Uent 
and  his  clothing  may  now  be  replaced  by  one  that  is  absolutely  sterile. 
Each  individual  should  have  his  special  duties  assigned  to  him,  for  with- 
out system  and  order  in  manipulation,  it  is  impossible  to  preserve  tlie 
rules  of  asepsis.  Kspecially  in  private  work',  the  fewer  hands  that  are 
allowed  to  come  in  direct  or  indirect  contact  with  the  wound,  the  less 
likelihood  is  there  that  the  aseptic  tcchnic  will  be  broken. 

The  instrument  table  should  have  upon  it  suitable  trays  containing 
a  I  per  cent,  solution  of  sodium  carbonate,  properly  sterilized  by  boil- 
ing, in  which  the  in.strunients  may  lie  immersed.  Every  instrument  that 
i.s  at  all  likely  to  be  needed  should  be  ready  for  instant  u.se,  so  that  there 
may  be  no  sudden  opening  of  any  unsterilized  packages,  a  performance 
which  always  ends  in  confusion.  Upon  the  same  table  should  be  trays 
containing  the  ligatures  that  are  to  be  used,  which  had  best  lie  in  pure 
alcohol.  The  sponges  and  pads  should  be  upon  a  separate  table,  either 
in  sterilized  bowls  or  wrajjpcd  in  wet  sterile  towels.  At  least  two  bowls 
should  contain  several  quarts  of  hot  sterile  water,  or.  better  still,  hot 
normal  salt  solution.  Several  pitchers  of  the  same  fluid  should  also  be 
at  hand. 

When  operations  are  to  be  done  about  the  face  and  neck,  the  scalp, 
including  all  the  hair,  should  be  protected  from  wetting  by  means  of  a 
rubber  cap.  which  also  prevents  long  hair  from  getting  into  the  field  of 
operation.  This  rubber  cap  should  be  carefully  covered  with  a  sterile 
towel  as  an  additional  precaution  against  infection. 

If  the  peritoneal  region  is  the  seat  of  operation,  the  legs  and  feet  also 
should  be  covered  with  .sterile  towels,  as  the.se  parts  are  likely  to  come 
in  contact  with  the  operator.  Similar  care  should  be  taken,  of  course, 
when  other  regions  are  to  be  operated  upon,  and  especially  mu.st  the 
position  of  the  patient  not  be  changed  without  due  precautions  in  regard 
to  the  uncovering  of  unsterilized  parts.  Incisions  .should  be  clean  cut, 
and  should  be  made  with  reference  to  t!ie  anatomical  arrangements  of 
the  parts,  bearing  in  mind  the  function  of  the  adjacent  muscles  and 
joints  and  also  the  desirability  of  avoiding  undue  tension  when  the  time 
comes  for  suturing  the  wound-edges.  Dissections  should  be  made,  as 
a  rule,  with  sharp  knives  and  sci.ssors,  and  not  with  blunt  instruments 
and  fingers.  The  more  delicately  and  anatomically  tissues  are  divided 
and  separated,  the  less  likely  is  necro.sis  of  tissue-fragments  to  follow, 
and  the  fcvi'er  will  be  the  unmanageable  dead  .spaces  and  displaced  mus- 
cular planes.  Gentle  hemorrhage  should  be  carefully  attended  to  as  the 
operation  proceeds,  first,  in  order  that  as  little  blood  as  possible  may  be 
lost,  for  great  loss  of  blood  is  a  decided  invitarion  to  sepsis,  and,  sec- 
ondly, that  each  succeeding  step  in  thv  operation  may  not  be  rendered 
more  difficult  by  the  oozing  caused  by  the  preceding  one.  Not  only  is 
the  wound  itself  to  be  kept  constantly  free  from  fiuid  and  clotted  blood, 
but  the  hands  of  the  operator  and  assistants  should  be  frequently 
washed  off  in  a  sterile  solution.     Instruments,  also,  which  are  being 
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used  should  be  frequently  washed  and  kept  clean.  It  is  often  desirable, 
during  the  progress  of  the  operation,  completely  to  clear  away  tluid  and 
clotted  blood.  This  can  be  done  with  sponges,  and  also  by  liberally 
pouring  into  the  wound  hot  normal  salt  solution.  This  preparation 
clears  away  blood  very  thoroughly  and  docs  not  irritate  the  most  deli- 
cate (Tssue.  It  is  desirable,  in  short,  that  the  surface  of  the  wound,  the 
hands,  the  instruments,  and  even  the  surrounding  skin,  should  be  kept 
as  clean  as  possible — that  is.  free  from  fluid  and  dried  blood — through- 
out the  whole  course  of  the  operation.  The  sterilised  towels — which 
from  time  to  time  become  soiled — should  be  constantly  replaced  or 
covered  by  fresh  ones.  A  final  cleansing  of  the  wound  is  to  be  made 
just  before  the  suture  is  applied.  Buried  sutures  of  catgut,  preferred 
because  of  their  absorbability,  should  be  applied  to  replace  divided  tis- 
sues, as  far  as  possible,  in  their  normal  position,  but  this  rule  should  not 
tempt  the  surgeon  to  subject  the  parts  sutured  to  too  great  tension. 
The  points  where  drainage  will  be  most  efficient  or  important  will 
rapidly  define  themselves.  Small  and  superficial  spaces  can  generally 
be  quite  satisfactorily  drained  with  strips  of  thin  gutta-percha  tissue. 
Large  spaces  that  arc  specially  liable  to  bloody  accumulations  had 
better  be  drained  by  a  tube,  and  wounds  which  cannot  be  properly 
closed  at  all,  or  only  in  part,  are  drained  in  a  perfect  manner  by 
means  of  greater  or  less  quantities  of  sterilised  gauze.  All  wounds 
should  have  an  abundant  dressing  placed  over  them,  the  deepest  portion 
of  which  should  consist  of  masses  of  sterilized  gauze,  thoroughly  cov- 
ered with  sterile  absorbent  cotton.  These  thick  masses  of  external 
dressing  keep  underlying  flaps  in  place,  close  empty  spaces  by  pressure, 
prevent  oozing,  and  protect  against  external  injury.  Over  the  dressing, 
binders  or  bandages  are  to  be  firmly  applied,  in  order  that  the  parts  that 
have  been  operated  upon  may  have  as  complete  rest  as  possible.  When 
the  limbs  have  been  operated  upon,  splints  placed  over  the  outer  dress- 
ings are  often  very  valuable.  After  the  wound  has  been  closed  and 
properly  dressed,  the  patient  should  be  carefully  removed  from  the 
tabic  to  his  bed.  wet  clothing  removed,  and  dry  blankets  wrapped  about 
him.  If  stimulation  seems  required,  it  may  be  given  at  once  by  the 
rectum,  and  a  hypodermic  injection  of  morpliin  is  often  also  found  very 
desirable.  External  heat  applied  by  means  of  hot-water  bottles  is  to  be 
carefully  avoided.  In  the  fir.st  place,  many  serious  accidents  by  burning 
with  hot-water  bottles,  while  patients  have  been  unconscious  from  the 
continued  effects  of  the  anesthetic,  have  occurred;  and  in  the  second 
place,  there  is  no  evidence  whatever  that  external  heat  applied  in  this 
manner  ever  did  any  good.  Should  the  patient  be  sufficiently  anemic 
from  loss  of  blood  to  suggest  the  necessity  for  a  rapid  application  of 
heat,  all  the  indications  can  be  best  met  by  an  immediate  infusion  of 
hot  salt  solution  into  a  vein.  The  first  dres.sing  of  the  aseptically-made 
wound  is  to  be  undertaken  according  to  different  indications.  Oozing 
of  blood  to  such  a  degree  as  to  stain  the  dressings  through  at  any 
jKiint  calls  for  an  immediate  chaqge  of  dressing-materials.  As  a  rule, 
the  first  change  of  dressings  is  to  be  made  on  purpose  that  drainagc- 
m^itcrials  may  be  taken  away,  as  they  will  rarely  be  required  after  the 
lapse  of  a  few  hours;  but  since  it  is  often  uncomfortable  for  a  jatient  to 
have  his  dressings  di.sturbed  on  tlie  day  following  operation,  this  first 
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dressing  may  be  conveniently  made  on  the  second  day.  Of  course,  in 
many  cases,  as  in  resections  of  joints,  it  is  desirable  to  avoid  any  hand- 
ling of  the  parts  involved,  and  in  such  cases  the  dressings  are  often  left 
undisturbed  for  a  period  varying  from  one  to  two  weeks,  especially 
when  they  are  covered  with  plaster  of  Paris  or  otiier  fixed  material. 

Wounds  which  the  surgeon  expects  to  treat  in  the  manner  just 
referred  to — that  is,  with  an  occlusion  dressing  which  will  probably  not 
be  disturbed  for  a  prolonged  period — should  be  closed  with  catgut 
sutures,  and  even  the  bone  suture,  as  in  case  of  resection  at  the  knee, 
should  be  of  heavy  catgut.  In  other  words,  a  foreign  material  left  in 
the  wound  should,  if  possible,  be  absorbable.  Even  drainage-tubes 
should  be  made  of  decalcified  bone.  It  is  often  more  convenient,  how- 
ever, and  amply  sufficient  to  use  as  drain age-m.ite rial  strips  of  thin 
gutta-percha  tissue,  such  as  have  already  been  referred  to.  These  may 
be  left  undi.sturbed  in  a  wound  for  several  weeks  without  causing 
injury,  and,  when  finally  removed,  they  leave  no  sinus  behind  them,  or, 
at  least,  the  narrow  track  which  contains  such  strips  heais  with  the 
greatest  facility. 

The  details  to  be  observed  in  making  changes  of  dressings  have 
already  been  described.  Signs  indicating  that  infection  of  the  wound 
has  occurred  would,  of  course,  suggest  its  imniediate  in.«pection.  in 
order  that  such  steps  may  be  taken  as  the  character  and  extent  of 
infection  may  indicate.  The  fact,  however,  that  some  fever  is  noted  on 
the  day  after  operation  is  by  no  means  a  reliable  indication  that  infec- 
tion has  happened,  for  most  patients  within  twenty-four  or  thirty-six 
hours  after  operations  have  some  rise  of  temperature  due  to  the  rapid 
absorption  of  wound-fluids,  although  these  are  perfectly  aseptic.  The 
general  appearance  of  the  patient,  the  character  of  his  pulse,  and  the 
character  and  extent  of  his  wound-pain  will  usually  enable  one  to 
decide  whether  a  moderately  febrile  condition,  within  a  day  or  two 
after  operation,  indicates  wound-sepsis  or  not.  If  on  removal  of  the 
first  dressing  it  is  found  that  infection  of  a  wound  is  present,  sutures 
should  be  at  once  divided,  the  wound  opened  to  as  great  an  extent  as 
.seems  called  for,  thoroughly  cleansed,  and  widely  drained  by  complete 
packings  with  gauze.  If  at  the  first  dressing  the  wound  is  found  to  be 
in  an  aseptic  condition,  drainage-material  is  to  be  removed,  such  sutures 
as  are  no  longer  necessary-  cut,  and  a  fresh  dressing  applied,  which  need 
not  again  be  disturbed  until  the  time  comes  for  the  further  removal  of 
sutures. 

If  at  the  first  dres.sing  or  at  any  subsequent  period  the  wound  is 
found  to  have  become  infected,  the  attention  of  the  surgeon  should  be 
at  once  directed  to  bringing  it.  as  soon  as  possible,  to  a  perfectly  clean 
condition.  Small  drainage-openings  made  at  one  or  two  points  through 
the  suture-line  are  rarely  anything  but  disappointments.  A  small 
opening  made  into  a  more  or  less  widely-suppurating  tract  relieves 
tension  but  very  slightly,  and  almost  never  permits  the  wound  to 
become  free  from  infection.  As  a  rule,  to  which  of  connije  there  are 
some  exceptions  on  account  of  special  reasons,  infected  areas  are  to 
be  very  widely  opened  as  soon  as  their  existence  is  suspected.  Ily  far 
the  most  important  point  in  their  treatment  is  the  complete  relief  of 
tension. 
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Following  this  step,  provision  should  be  made  for  the  most  rapid 
possible  removal  by  drainage— capillary-drainage  by  gauze  packings  is 
the  best — of  every  drop  of  unhealthy  discharge  from  the  infected  sur- 
face of  the  wound.  When  an  actively-secreting  wound  is  packed  with 
drj-  gauze,  the  secretions  are  at  once  absorbed  by  the  fiber  of  this 
material.  This  process  will  go  on  in  each  instance  with  perfection  and 
rapidity  until  the  packing  has  become  saturated  and  can  absorb  no 
more,  or  until  its  outer  surface  has  become  partially  dried,  and  so  the 
process  of  absoiption  is  interfered  with.  The  moment  the  secretions 
cease  to  be  removed  from  the  wound-surface  with  rapidity  and  com- 
pleteness, the  wound  begins  to  suffer,  and  often,  too,  the  individual ; 
and  if  examined  at  such  a  time,  all  processes  of  repair  will  be  seen  to 
have  become  much  less  active  than  they  were.  It  is  evident,  therefore, 
that  drainage-material  which  has  been  packed  into  a  wound  should  be 
replaced  by  fresh  gauze  as  soon  as  it  has  become  saturated,  or  before 
that  moment,  if  one  would  have  the  wound  rapidly  brought  to  a  state 
of  perfection.  Infected  wounds  which  have  been  treated  by  gauze- 
drainage  should  have  their  dressings  changed  more  or  less  frequently, 
according  to  the  amount  of  discharge.  After  a  wound  has  been 
opened  on  account  of  acute  infection,  and  before  it  is  packed,  mechan- 
ical cleansing  of  some  sort  should  be  adopted,  all  discharges  should  be 
wiped  away,  loose  sloughs  and  necrotic  tissue  removed  with  the  scis- 
sors, and  general  cleansing  of  every  portion  of  the  wound  be  made 
with  some  suitable  solution. 

Formerly,  dependence  was  largely  placed  at  this  stage  in  wound- 
treatment  upon  the  vigorous  use  of  chemical  antiseptics,  such  as  car- 
bolic-acid and  bichlorid-of-mercury  solutions.  It  is  doubtful  whether 
preparations  of  this  character  have  any  especial  value  when  applied  to 
acutely  infected  wounds.  While  they  mechanically  cleanse  by  washing 
away  secretions.  Just  as  any  other  solution  would  do,  they  certainly 
cause  some  necrosis  of  granulating  tissue,  and  to  that  extent  interfere 
with  natural  processes  of  repair.  Neither  is  it  possible  by  the  use  of 
such  antiseptic  fluids  completely  to  destroy  infection  after  it  has  once 
occurred.  Normal  salt  solution  used  as  a  douche  cleanses  the  wound- 
surface  and  wa.-ihcs  away  secretions  without  ha\'ing  any  harmful  effect. 
Such  a  mechanical  cleansing  may  be  followed  by  the  free  application 
of  hydrogen  peroxid,  which  by  chemical  combination  breaks  up  and 
destroys  such  portions  of  the  secretions  as  have  not  been  already 
washed  away.  The  wound  is  thus  brought  into  as  clean  a  condition 
as  is  possible  under  the  circumstances,  and  is  then  to  be  packed  thor- 
oughly, although  not  tightly,  with  iodoform  or  plain  sterilized  gauze, 
as  the  surgeon  may  prefer.  If  carefully  attended  to  and  often  enough 
dressed,  infected  wounds  are  frequently  rendered  so  clean  and  so  free 
from  discharge  within  a  brief  period,  that  their  edges  may  safely  be 
brought  together  by  compression  and  allowed  to  unite.  If  the  sur- 
geon operates  and  dresses  his  wound  with  naked  hands,  he  should  be 
C-Kjx-cially  careful  in  regard  to  cleansing  his  hands  imnitiliattiy  after 
the  ci[)cration  or  dressing,  for  blood-.stains  and  infectious  material  cling 
to  the  skin  with  great  tenacity  after  they  have  once  become  dry.  A 
few  drops  of  aqua  ammonia:  added  to  the  water  in  which  the  hands  arc 
washed  renders  the  removal  of  blood  and  other  discharges  extremely 
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easy,  A  great  advantage  attaching  to  the  use  of  rubber  gloves  in 
operations  is  that  the  character  of  one  operation  or  dressing  has  no 
influence  in  determining  the  success  or  failure  of  the  next  one. 

Operating  Rooms  and  Fumitore. — Rooms  such  as  are  found 
in  hospitals,  which  are  es]x;cially  ciJiislructed  and  arranged  for  that 
purpose,  may  be  divided  into  two  classes — those  which  are  intended 
for  o|>erations  without  spectators,  and  larger  operating  rooms  or  oper- 
ating theaters,  which  are  especially  arranged  for  the  purposes  of 
demonstration.  In  both  instances  the  essential  features  are  suitable 
light,  perfect  cleanliness,  and  convenience  of  arrangements.  Direct 
sunlight  is  dazzling,  and  therefore  objectionable.  A  clear  north  light 
is  best,  and  this  should  be  supplemented  by  abundant  light  from  over- 
head. In  the  smaller  rooms,  where  spectators  are  not  expected  to  be 
present,  light  coming  from  various  directions  is  often  advantageous. 
The  construction -mate  rial  of  operating  rooms  should  be  selected  chiefly 
with  a  view  to  cleanliness,  the  color  being  largely  a  matter  of  taste, 
although  this  also  has  a  bearing  upon  illumination.  The  walls  and 
floors  should  be  of  materials  that  do  not  absorb  fluids,  in  order  that 
they  may  be  washed  with  great  thoroughness  and  frequency  without 
injury,  and  because  such  materials  also  do  not  become  oflensive  to  the 
eye  by  receiving  and  holding  stains.  Floors  made  of  asphalt  are 
objectionable  because,  while  they  can  be  readily  washed,  they  are 
equally  readily  stained,  and  are  also  verj'  ugly  and  unsuiled  in  appear- 
ance to  the  neat  fittings  of  an  o]ierating  room. 

Floors  may  well  be  made  of  thoroughly  sea.soned  wood,  of  piarble 
mosaic,  or  even  of  glas.s.  Mosaic  floors  are  especially  suitable,  as  they 
can  be  rubbed  down  with  stone  and  sand,  and  so  be  kept  exceptionally 
clean ;  besides,  they  are  very  agreeable  to  the  eye.  A  thoroughly 
well-built  wooden  floor  is,  however,  entirely  satisfactorj-.  Floors 
should  be  constructed  in  such  a  manner  that  their  surfaces  incline 
shghtly  toward  the  center  or  toward  several  different  points,  at  which 
a  proper  perforated  drain-opening  should  be  placed.  Free  use  of 
water  is  thus  not  restricted  by  any  difficulty  in  its  removal.  Walls 
may  be  of  marble,  glass,  wood,  hard  plaster,  or  iron.  The  three  last 
materials  require  painting,  preferably  with  a  material  of  the  nature  of 
enamel,  so  that  washing  and  rubbing  may  be  generously  indulged  in. 
The  ceiling  should  also  be  hard  and  well  painted,  and  both  walls  and 
ceiling  free  from  mouldings  and  other  irregular  surfaces  such  as  permit 
of  dust-accumulations.  Where  the  walls  join  the  ceilings  and  floors 
no  sharp  angles  or  comers  should  be  left.  These  lines  of  union  should 
be  filled  in  and  rounded  off  in  curves.  Rooms  constructed  in  this 
manner  can  be  washed  and  clean.sed  at  ever>-  point  with  great  rapidity 
and  thoroughness.  Fixed  washstands  with  an  abundant  supply  of  hot 
and  cold  water  should  be  placed  at  a  convenient  point,  and  should  be 
made  of  materials  such  as  marble,  which  do  not  absorb.  Ingenious 
arrangements  for  turning  water  on  and  ofl"  by  means  of  foot-pressure 
are  not  necessary,  as  ordinarx'  faucets  can  be  handled  without  breaking 
the  rules  of  aseptic  technic  with  the  intervention  of  a  sterilized  towel 
or  a  sheet  of  sterilized  gauze.  Light  colorings  in  operative- room  con- 
struction have  a  great  advantage  that  is  at  once  appreciable. 

The  furniture  of  an  operating  room  may  be  made  of  hard  wood 
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with  jjlass  tops,  but  is  better  made  of  iron  and  glass.  All  iron  material 
should  be  painted,  preferably  white,  to  avoid  rust.  An  operating  table 
with  flat  top  is  available  for  optrations  of  almost  every  description, 
different  positions  beinfj  given  to  the  patient  by  a  proper  arrangement 
of  suitably  shaped  pillows  with  sheet  rubber. 

Tables  especially  arranged  with  a  central  drainage-opening,  and 
with  a  view  to  altering  the  position  of  the  patient  in  any  desired  man- 
ner, are  preferred  by  many  surgeons. 

The  accompanying  illustration  (P'ig.  58)  represents  the  best  type 
of  table  of  the  kind  last  referred  to.     The  framework  is  of  iron  painted 


Fig.  5S,— Operating  (able. 

white.  The  top  is  made  of  glass,  and  is  divided  into  three  sections, 
one  for  the  head,  one  for  the  trunk,  and  one  for  the  feet.  The  head 
and  foot  pieces  arc  attached  to  the  central  portion  by  hinges.  The 
center  table  is  divided  by  a  longitudinal  slit  to  provide  for  drainage. 
Attached  to  the  under  surface  of  the  top  of  the  table  is  a  large  metal 
pan  to  catch  all  drainage-fluids.  This  pan  can  be  readily  emptied  and 
kept  clean.  By  means  of  a  crank  movement  the  patient  can,  with  the 
excrci.se  of  very  little  power,  be  placed  in  almost  any  position. 

Generally,  the  less  complicated  in  construction  an  ojjerating  table 
is,  the  better.  Instrument  tables,  and  tables  for  the  pails  containing 
sponges,  and  the  trays  containing  ligatures  or  sutures  may  also  be 
made  of  wood  and  glass,  or  of  iron  and  glass. 

These  should  all  be  movable,  in  order  that  their  positions  may  be 
altered  to  suit  the  convenience  of  the  operator  and  the  nature  of  the 
operation.  Ever\'  operating  room  should  have  immediately  at  hand, 
dthcr  in  the  room  itself  or  in  another  one  adjacent,  a  boiler  for  the 
Stcnlir^tion  of  instruments.  This  may  be  needed  at  any  moment  dvjr- 
ing  the  course  of  an  operation,  in  order  to  resterilizc  instruments  acci- 
dentally infected,  or  to  steriliite  those  which  have  been  suddenly  called 
for  from  the  general  case.     Sterilizing  apparatus  for  towels  and  dres.s- 
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ings  is  not  needed  in  the  operating  room,  because  these  materials  are 
always  prepared  beforehand.     They  should,  however,  be  not  too  far 


Fig.  5(1. — Opernting  table. 

distant  for  convenience.     The  day  h;is  gone  by  for  the  use  of  expen- 
sive and  complicated  irrigation  jars  and  other  douching  apparatus,  such 

fluids  as  are  used  being  handled  more 
conveniently  and  in  a  more  cleanly 
manner  by  the  aid  of  pitchers  and 
glass  flasks.  These  are  always  to  be 
filled  with  freshly  prepared  fluid,  cold 
and  hot,  before  an  operation  begins. 
In  that  way,  their  perfect  steriliza- 
tion can  be  guaranteed.  Long  india- 
rubber  tubes  for  irrigating  purposes, 
fountain  syringes,  and  all  hanging 
apparatus  of  a  similar  kind  are  ob- 
jectionable on  account  of  the  likeli- 
hood of  infection  and  the  difficulty 
of  sterilization. 

The  general  instrument  case  may 
be  in  the  operating  room,  or  not,  ac- 
cording to  convenience  and  the  size 
of  the  building.  !t  is,  of  course, 
better  that  there  should  be  a  spe- 
cial room  for  the  continual  storing 
of  instruments.  Splints,  blankets, 
plaster  bandages,  and  all  materials 
that  are  liable  to  harbor  dust  and 
are  not  readily  sterilized  should  be 
excluded  from  the  operating  room 
until  t!ie  moment  when  they  are 
needed. 
It  is  well  to  have  two  or  throe  benches  made  of  wood,  of  different 


Fir.,  60. — Bow[  lo  alnild  bv  opemlor, 
conlainjng  sterilized  fluids  fur  frcqucni 
hand-washing  during  opfrnlion. 
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heights,  upon  which  the  operator  may  stand  whenever  he  wishes  to 
I  change  his  relation  to  the  patient  by  raising  or  lowering  himself  If 
fixed  washstands  arc  set  at  some  little  distance  from  the  operating  table, 
some  arrangement  should  be  made  so  that  the  operator  may  at  any 
moment  turn  from  the  table  and  cleanse  his  hands  of  blood  or  other 
fluids  in  a  sterilized  solution.  A  small  table,  supporting  a  bowl  filled 
.with  sterile  salt  solution  which  can  be  frequently  changed,  will  serve 
the  purpose,  or  a  special  iron  framework  bearing  a  bowl  made  for  the 
purpose  may  be  supplied. 

Every  operating  room  should  be  provided  with  absolutely  satisfac- 
tory artificial  light,  such  as  will  perfectly  take  the  place  of  daylight, 
if  the  day  happens  to  be  a  dark  one,  or  if  an  operation  is  to  be  done 
after  daylight.  A  combination  of  electricity  and  gas  furnishes  an 
admirable  light  and  provides  against  all  accidents.  In  addition  to  the 
fixed  light,  which  should  be  directly  over  the  operating  table,  there 
should  always  exist  a  movable  light,  preferably  electric,  which  can  be 
held  by  an  assistant  so  as  to  illuminate  any  particular  region  or  cavity 
which  the  operator  desires  to  inspect. 

Operating  Theaters.— Operating  rooms  that  are  intended  especially 
for  purposes  of  demonstration,  in  which  accommodation  for  a  consider- 
able number  of  .spectators  is  required,  have  to  be  constructed  on  a 
somewhat  different  plan.  In  the  first  place,  the  illumination  of  such 
rooms  should  be  arranged  with  a  special  view  to  the  comfort  of  the 
spectators.  Ever>'  individual  looking  at  an  object  sees  mo.st  perfectly 
when  the  rays  of  illumination  are,  as  nearly  as  possible,  parallel  with 
the  line  of  vision.  All  light  which  enters  the  room  behind  the  object 
looked  at,  or  which  reaches  the  eye  of  the  spectator  more  or  less 
directly  from  the  side,  serves  only  to  diminish  the  power  of  vision. 
The  principal  light  in  an  operating  theater  should  therefore  come  from 
the  north  and  enter  the  room  just  above  and  behind  the  spectators, 
As  spectators  are  naturally  looking  somewhat  downward  during  an 
i  operation,  additional  light  may  be  let  in  from  above,  but  all  side-lights 
and  all  light  entering  from  behind  the  operating  space  should  be  rigidly 
excluded.  The  arrangement  just  recommended  is  not  the  most  agree- 
able for  the  operator,  but  it  serves  the  purjiose  of  his  demonstration 
better  than  any  other.  Seats  for  spectators  should  be  arranged  upon 
an  inclined  plane,  the  angle  of  which,  in  relation  to  the  horizontal, 
should  be  such  that  no  one  individual  can  in  any  way  interfere  with  the 
tiston  of  another  sitting  behind  him.  No  accommodation  should  be 
provided  for  a  larger  number  of  spectators  than  can  see  accurately 
every-  det.^il  of  the  o(>erative  work.  The  floors  and  seats  of  the  audi- 
torium should  be  of  such  materials  as  can  be  perfectly  and  freely 
washed.  The  floor  may  be  of  asphalt  or  of  thoroughly  laid  and  shel- 
laced wood.  The  scats  should  be  of  wood,  that  being  the  only  mate- 
rial which  can  be  thoroughly  cleansed  and  which  is  also  comfortable  to 
sit  upon  for  any  length  of  time.  These  seats  should  be  supported  upon 
single  pillars,  or  otherwise  so  arranged  that  water  may  be  thrown  with 
a  hose  over  the  entire  floor.  If  dejiondence  for  cleansing  such  a  flovir  is 
placed  upon  brooms  and  mops,  such  cleansing  will  certainly  be  iniper- 
fcttly  done  and  will  also  be  exceedingly  laborious  and  time-consuming. 
At  two  or  more  points  in  an  auditorium  water-pipes  should  open,  to 
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which  hose  can  be  attached,  and  tlius  the  whole  floor  be  easily  and 
rapidly  washed.  Such  arrangement  necessarily  requires  a  provision  for 
drainage,  openings  for  which  should  be  placed  at  the  foot  of  the  inclined 
plane,  in  order  that  fluid  may  be  rapidly  carried  ofl"  as  soon  as  it  has 
reached  the  lower  edge  of  the  floor.  The  operating  space  should  be 
securely  walled  off  from  the  auditorium  proper,  in  order  that  no  indi- 
vidual may  be  tempted  to  pass  from  one  area  to  the  other.  This  seems 
to  be  absolutely  essential  in  order  to  preserve  complete  freedom  from 
contact  between  spectators  and  those  immediately  engaged  in  the 
operation. 

Special  care  must  be  taken  thai  spectators  do  not  through  ignorance 
or  carelessness,  such  aji  the  placing  of  their  feet  upon  the  edge  of  this 
dividing  wall,  contaminate  the  operating  space  and  the  things  contained 
in  it.  The  operating  space  should  be  arranged  in  a  somewhat  different 
manner  from  that  of  a  room  in  which  no  spectators  are  to  be  provided 
for.  It  should  be  as  small  as  the  convenience  and  rapid  working  of  the 
operator  and  his  assistants  will  permit  of,  for  the  larger  the  operating 
space,  the  more  distant  will  the  spectators  be  from  the  object  at  which 
they  are  looking.  The  smaller  the  space  the  nearer  are  the  spectators 
brought  to  the  operating  table.  Therefore,  provision  should  never  be 
made  for  the  performance  of  more  than  one  operation  at  the  same  time. 
Moreover,  the  attention  of  spectators  is  distracted  by  having  different 
pieces  of  work  going  on  simultaneously,  and  the  rules  of  asep.sis  are 
very  likely  to  be  broken. 

The  tables  for  instruments  and  ligatures  must  be  movable,  and  are 
to  be  so  placed  as  not  to  interfere  with  the  vision  of  the  spectators. 
They  should  therefore  be  brought  more  or  less  to  the  rear  of  the 

operating  table ;  this  disposition  of 
them  forces  the  assistants  and 
nurses  in  the  same  direction,  thus 
leaving  the  interval  between  operator 
and  audience  entirely  unobstructed. 
As  the  operating  space  is  small,  and 
as  all  preparations  for  public  demon- 
strations arc  naturally  carefully  made 
on  a  large  scale  before  the  time  for 
operation,  all  apparatus  not  indispen- 
sable to  the  proper  immediate  man- 
agement of  an  operation  should  be 
excluded  from  the  operating  room. 
Chairs,  unnecessarj'  tables,  boilers, 
and  all  such  appliances  are  out  of 
place  on  such  occasions. 

The  remaining  furniture  of  the 
operating  room  should  consist  of 
three  or  four  iron  stands  with  glass 
shelves  and  tops,  mounted  on  rollers 
to  admit  of  their  being  shifted  about  the  room.  These  stands  are  for 
instruments,  suture-trays,  towels,  etc. 

Any  extra  furniture,  such  as  wash-stands  or  shelves,  should  be 
placed  entirely  out  of  the  way  in  the  rear.     The  floor  of  the  operating 


Fig,  6i. — Iron  and  gin?!  Isble  for  dressing- 
ma  l«  ids. 
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space  may  be  of  any  suitable  material,  preferably  marble  mosaic,  which 
is  non-absorbing  and  is  very  readily  cleansed.  In  this  floor  there 
should  be  special  drainage-openings  toward  which  the  floor  must 
slightly  incline,  and  the  openings  should  be  placed  at  points  more  or 
less  distant  from  the  operating  table.  The  artificial-light  apparatus 
should  be  so  arranged  that  it  may  be  swung  out  of  the  way  when 
not  in  actual  use.  If  stationary  and  hanging  directly  over  the  oper- 
ating table  at  ail  times,  it  scrv'es  as  a  dust-accumulator  at  a  very  unde- 
sirable point.  If  deficiency  of  daylight  requires  that  the  apparatus  be 
swung  into  place  while  an  operation  is  going  on,  the  entire  operative 
area  should  be  carefully  covered  with  sterilized  towels  during  this 
change.  Of  course,  strictly  speaking,  the  lighting  apparatus  should  be 
kept  as  clean  and  free  from  dust  as  any  other  piece  of  furniture. 

It  follows  from  this  description  of  an  operating  theater  that  other 
rooms  must  exist  in  immediate  connection  with  it  for  the  storing  of 
instruments,  the  sterilizing  of  dressings,  the  washing  of  apparatus,  and 
for  the  preliminary  preparations  of  operator,  assistants,  and  nurses.  If 
an  operating  room  is  to  be  complete  in  every  particular,  there  must  bfe 
in  close  connection  with  it  a  considerable  number  of  rooms,  all  of  which 
contribute  to  the  needs  of  the  operating  room  itself.  The  essential 
rooms  to  accomplish  this  purpose  may  be  enumerated  as  follows:  At 
least  two  etherizing  rooms,  lavatorj-  for  surgeon  and  assistants,  instru- 
ment room,  room  for  washing  instruments,  sterilizing  room  for  dress- 
ings, instruments,  and  water,  room  for  storage  of  dressings,  room  for 
the  preparation  of  dressings,  room  for  splints,  plaster  of  Paris,  and  rough 
materials  of  all  kinds.  Of  course,  according  to  the  amount  of  work 
done  in  an  operating  room,  and  according  to  the  possibilities  in  indi- 
vidual instances,  variations  in  the  number  and  arrangement  of  rooms 
ma\'  easily  be  made.  For  instance,  instruments  ma}'  be  stored,  washed, 
and  sterilized  in  the  same  room;  bandages  and  dressings  may  be  pre- 
pared, stored,  and  sterilized  in  another  room,  and  a  single  etherizing 
room  will  answer  the  needs  of  an\'  but  a  \'orj'  active  ser\-icc.  But  what- 
ever arrangement  of  room  is  made,  perfect  system  and  order  should 
be  maintained,  so  that  the  least  temptation  possible  may  exist  to  break 
the  rules  of  asepsis. 
20 


CHAPTER    XII. 

OPERATIVE  AND  PLASTIC  SURGERY. 

Instrtunents. — Instruments  should  be  of  the  best  quality  and 
carefully  selected.  There  is  no  economy  in  buying  cheaper  instru- 
ments. Surgeons  should,  so  far  as  possible,  learn  to  work  with  simple 
tools.  Multiplicity  or  complexity  of  instruments  for  any  given  opera- 
tion should  be  avoided.  AU  instruments  should  be  made  entirely  of 
metal,  with  smooth,  plain  surfaces;  and  all  jointed  instruments,  such 
as  clamps  or  scissors,  should  have  a  simple  pivoted  French  lock. 
Screw-joints  are  not  advisable,  as  instruments  having  them  are  not  easy 
to  clean.  For  all  ordinary  dissections,  what  is  known  as  a  simple 
dissecting- outfit  is  all  that  is  needed.  This  will  consist  of  knives, 
straight  and  curved  scissors,  two  pairs  of  toothed  dissecting-forceps 
(see  Fig.  62),  two  pairs  of  dissecting-forceps  without  teeth,  one  aneu- 


Fld.  63.— Toothed  dissecllng-  or  arler<r -forceps. 

rysm-needle  or  Cleveland  ligature-carrier  (Fig.  63),  a  director  or  blunt 
dissector,  plenty  of  hemo.static  or  artery-clamps  (Fig.  64),  and  some 
simple  form  of  retractor.  Special  operations  require  occasionally  spe- 
cial instruments,  the  choice  of  which  will  depend  on  the  operation  in 
hand. 

The  knives  for  ordinary  dissecting  should  be  of  medium  size,  b'ght 
in  weight,  with  metal  handles,  and  with  a  moderately  tapering  blade 
(Fig.  65).  (Special  knives  are  considered  under  the  head  of  Amputa- 
tions, p.  339.) 

Forceps  should  be  strongly  made,  and  must  not  be  too  narrow  at 
the  points.  Those  with  two  teeth  are  preferable.  The  strength  of  the 
spring  can  be  varied  to  .suit  the  operator.  Artery-foiceps,  known  as 
pressure-forceps  or  hemostatic  forceps,  are  all  modifications  of  the 
Spencer-Wet  Is  clamp-forccps  (Fig.  64I.  They  are  indispensable  in 
securing  blood-vessels  during  an  operation.  They  should  be  of  differ- 
ent sizes,  and  with  both  straight  and  curved  blades,  should  be  strongly 
made,  and  should  have  a  simple  pivot  lock. 
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Retractors  play  an  important  role  in  holding  back  superficial  stnict- 


FlG.  63. — QeveUnd  lipiture-carrier. 

ures  and  giving  access  to  the  deeper  tissues.     There  are  many  varie- 
ties.    A  good  retractor  should  secure  a  firm  hold  on  the  tissues  to  be 


Flc  64. — Hcmoslalic  forceps. 


held  back,  but  should  be  so  constructed  as  to  inflict  the  least  possible 
amount  of  injur>-  to  the  parts.     Any  form  of  right-angled  blunt  rctrac- 


'3) 


tor  of  the  proper  size  may  be  used  (I'igs.  66  and  67),  but  those  with 
shaq)  teeth  had  better  be  a\oidcd. 
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Needles. — For  suturing  skin-flaps,  the  best   form   of  needle  is  a 
medium -sized  glover's  needle — a  straight  needle  with  triangular  cut- 


Fig.  M. — Small  righl-angled  retmctor. 

ting-edges.     In  place  of  this,  a  straight  lancet-pointed  or  surgeon's 
needle  can  be  used.     Hagedorn  needles,  straight  or  one-half  curved, 


I 


Fig.  67. — Relraclof  for  deep  wouDds. 

are  preferred  by  many  surgeons  for  plain  flap-sutures.  For  intestinal 
work,  ordinary  sewing- needles,  without  a  cutting-edge,  should  be  used. 
These  may  be  straight  or  curved.  For  most  intestinal  work  the 
straight  needles  suffice,  but  in  some  deep  suturing  the  curved  are 
needed.  Curved  needles  are  often  useful  for  approximation  of  deep 
tissues,  muscles,  fascia,  tendons,  etc.  For  this  a  strong  curved  needle 
with  a  bayonet-point,  or  a  curved  Hagedorn.  is  best.  In  small  needles, 
especially  of  the  intestinal  variety,  those  with  the  calyx  eye,  the  self- 
threading  type,  are  time-saving. 

Sutures  and  Ligatures. — Silk,  silkworm-gut,  and  catgut,  or  some 
form  of  animal  tendon,  are  the  chief  kinds  used  by  all  surgeons.  Silver 
wire  has  a  limited  use.  Ligatures  may  be  either  silk  or  catgut.  In 
aseptic  wounds  there  can  be  no  objection  to  silk.  It  can  be  readily 
sterilized  and  is  easily  handled.  In  septic  wounds  catgut  is  desirable, 
becau.se  of  the  tendency  of  silk  to  cause  sinus-formation.  For  the 
approximation  of  deeper  tissues,  as,  for  instance,  in  hernia,  kangaroo- 
tendon,  or  animal  tendon  in  some  other  form,  makes  a  desirable 
absorbable  material.     For  the  suturing  of  skin-flaps,  silkworm-gut  is 
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the  ideal  substance.  It  is  non-absorbent,  non-irritating,  and  readily 
sterilized.  For  very  fine  skin-sutures  and  especially  in  plastic  opera- 
tions on  the  face,  sterilized  horsehair  will  be  most  suitable.  (For  the 
detailed  methods  of  sterilization  of  instruments,  ligatures,  and  suture- 
material,  sec  pages  276,  277.} 

Technic  of  Dissection. — Operations  should  be  done  deliber- 
ately, and  should  be  governed  by  fixed  principles.  The  skin -incisions 
should  be  of  liberal  length  and  cleanly  made.  All  deep  dissections 
should  be  done  under  perfect  visual  control.  Hemorrhage  and  undue 
injury  to  the  tissues  should  be  avoided.  The  incision  should  be 
carried  downward,  layer  for  layer,  by  careful  strokes  of  the  knife. 
Blunt  dissection,  or  tearing  of  the  tissues  with  a  director  or  the  fingers. 


FIG.  68.— Knife  held  like  a.  penholder. 


FIG.  69.— Knife  hcid  lilte  a  violin-bow. 


Fig.  70, — Tablc-knile  position. 


should  be  done  as  little  as  possible.  The  best  method  of  dissection  is 
that  of  cutting  between  two  forceps.  If  the  various  layers  of  tissue  arc 
picked  up  by  two  forceps,  they  are  put  on  the  stretch  and  the  vessels 
readily  seen. 

The  different  ways  of  holding  the  knife  are  shown  in  Figs.  68-70, 
The  skin-incision  can  be  made  freely  and  with  a  firm  hand  ;  but  as 
the  dissection  advances  and  important  vessels   are   approached,  the 
knife   should   be   held   like  a  pen.  and   the  cuts   made  carefully  and 
entirely  with  ihc  point. 

Arrest  of  Bleeding, — Hemostasis  should  be  attended  to  with 
scnipulous  care  during  each  stage  of  the  operation.     Wherever  possi- 
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ble,  vessels  should  be  double-clamped  with  pressure-forceps  before 
being  divided.  All  bleeding  points  should  be  secured  with  hemostatic 
forceps.  Many  of  the  smaller  vessels  require  no  ligature  after  being 
compressed  for  some  time.  Especially  is  this  true  of  the  vessels  in  the 
skin-flaps.  In  case  of  doubt,  it  is  a  safe  rule  to  ligate  all  points  that 
have  been  caught  during  the  operation,  for  many  small  vessels  which  do 
not  show  signs  of  bleeding  on  removing  the  artery-clamps  may  bleed 
when  the  reaction  from  the  operation  and  anesthetic  begins.  Torsion  of 
the  smaller  vessels  is  not  a  reliable  means  of  hcmostasis.  In  certain 
instances  of  venous  oozing,  and  especially  in  opcration.s  on  inflamed 
and  friable  tissues,  it  may  be  necessary  to  pass  a  ligature  in  a  curved 
needle  around  the  bleeding  spot  and  control  the  hemorrhage  by  con- 
stricting a  comparatively  large  area.  Many  cases  of  slight  general 
oozing  can  be  checked  by  temporary  pressure  with  gauze  pads,  or  by 
the  use  of  hot  sterile  water  or  salt  solution.  In  exceptional  cases, 
where  large  areas  of  inflamed  tissue  are  denuded,  it  may  be  necessary 
to  use  the  actual  cautery. 

THE    UGATURE  OF  ARTERIES. 

General  Principles. — In  doing  this  class  of  operations  it  ts 
wise  to  adhere  strictly  to  the  rules  applying  to  the  particular  vessel, 
as  in  this  way  only  will  the  possibilit}'  of  missing  the  vessels  be 
avoided  by  those  unfamiliar  with  the  operation.  In  applying  a  liga- 
ture to  large  vessels  the  proximity  of  important  brandies  should  be 
avoided,  as  otherwise  the  formation  of  a  secure  thrombus  may  be  seri- 
ously interfered  with.  Throughout  this  article  little  stress  is  laid  upon 
the  exact  length  of  the  incision,  because  it  is  believed  that  it  must 
vary  so  much  with  different  patients  that  exact  measurements  are  more 
misleading  than  otherwise,  and  that  the  incision  should  always  be 
large  enough  to  give  ample  room.  This  statement,  however,  does  not 
apply  to  the  opening  made  in  the  sheath  of  the  vessel,  which  should 
be  made  as  small  as  possible,  thereby  avoiding  damage  to  the  vasa 
vasorum,  by  which  the  coats  of  the  artery  are  nourished.  It  is  not 
nece.ssary  to  separate  the  vena;  comites  from  the  smaller  vessels; 
troublesome  oozing  may  be  avoided  by  tying  them  with  the  artery  en 
masse.  In  this  same  connection,  less  stress  is  laid  upon  the  direction 
in  which  the  needle  is  passed  than  has  usually  been  done;  but  when 
the  dissection  is  freely  made  and  the  needle  passed  by  sight  rather 
than  by  feeling,  the  danger  of  wounding  ves.sels  and  including  nerves 
in  the  ligature  is  much  diminished  ;  and  the  use  of  a  Cleveland  needle 
is  advised,  as  being  more  convenient  and  easier  of  manipulation.  For 
vessels  of  moderate  size  catgut  is  satisfactory,  but  for  larger  vessels 
silk  is  a  safer  material. 

The  anatomy  of  the  supraclavicular  refdOR  wilh  reference  to  the  innoniinBte 
and  siitKlavian  nrleries.  The  innominale  bifurcalcs  opposite  the  right  slemoclavicular 
articulation.  The  ^uhclflvinii  artery  arches  upward,  so  that  lis  highesl  poinl  is  (i  to  i  inch 
above  the  clavicle,  and  end^i  underneath  the  middle  or  thai  Ixine.  The  subclavian  rein 
lie!  behind  the  clavicle  on  a  lower  level  ihnn  Ihc  arleij-.  and  sciiaraled  from  it  by  the  sca- 
lenus anticus  muscle.  The  vein  is  held  to  the  clavicle  hy  a  ptirlion  of  the  deep  cervical 
fastia.  The  phrenic  nerve  crosses  the  scalenus  anticus  obliquelj-  and  passes  downward 
between  it  and  the  subclavian  vein.  The  relations  of  (he  first  part  of  ihe  artery  vory  on 
Ibe  two  sides.     On  the  right,  Ihe  artery  is   in  contacl  with  the  pleura  below  and  behind. 
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TTie  pneumoga.^tnc  nerve  parses  in  ffon(.  and  ils  recurrent  branch,  lurning  beJow  the  artery, 
niQS  opwacrl  behiud.  The  itilernal  jugular  and  subclavian  vtzina  umie  id  fionl  o{  this  poi- 
tion  to  fonn  the  right  innominate  vein,  which  pai^ses  downward  in  frant  of  the  outer  side 
of  the  subclavian  and  injiominate  arteries.  The  lefl  innominate  vein  is  not  in  relatjon  to 
ill  ulen-,  but  cro&^es  Ihe  origin  of  the  left  common  carutid  and  unites  with  its  fellow  in 
fiODt  of  the  innominate  artery.  The  lifl  iubilavitin  is  an  inch  longer  than  the  right  and 
lies  It  a  deeper  level ;  its  outer  ude  is  in  contact  with  the  pleura.  Behind  and  inleitially 
lie  the  esophagus,  recurrent  laryngeal  nerve,  and  trachea.  The  thoracic  duct,  at  lirsl  on 
the  inner  side,  soon  arches  outward  and  forward,  behind  the  inlcnml  jugular  vein,  in  join  the 
subclavian  at  their  angle  of  union. 

The  lecond  and  third  portions  are  similar  on  the  two  Mdes.  The  third  part  of  the  artery 
has  rarely  more  than  one  branch,  is  most  superficial,  and  is  therefore  the  portion  ligatured  by 
election.  It  Ires  in  a  triangle  bounded  below  by  the  clavicle,  on  the  upper  and  outer  side 
by  Ibe  posterior  belly  of  the  omohyoid  muscle,  on  the  inner  side  by  the  outer  border  of  the 
slemomniioid.  The  inner  cord  of  the  brachial  plexus  is  behind  the  artery,  where  it  rests 
oa  the  brst  rib.  The  subclavian  vein  is  below  ami  anterior.  At  the  lower  outer  margin  of 
the  stemainastoid  the  external  jugular  joins  the  taller  vein.  The  supraclavicular  fascia  is 
crossed  mperlieially  from  above  downward  and  oulwurd  by  the  supraclavicular  nerves. 
Under  the  cervical  fascia  the  field  of  operation  is  Closed  bv  several  Urge  veins,  namely,  the 
Iran sversc  cervical,  the  suprascapular,  the  posterior  external  jugular,  and  the  inferior  thyroid. 
Troublewme  hemorrhage  may  ari^e  from  these  unless  ihey  are  tied  before  division. 

I,i|^ture  of  the  Innominate  Artery  (Fig.  71). — Ligature  of 
this  arteiy  is  rightly  regarded  as  one  of  the  most  (difficult  and  danger- 

N.  vagmi. 
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VK.  7t. — Topography  of  the  iruncus  anonymus  in  the  fossa  ^ugulans  (after  Loebker). 
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oas  operations.  Twenty-nine  authentic  cases  were  reported  by  Burrell 
in  1895.  Of  these,  1  case  lived  ten  years  after  operation,  and  1.  one 
hundred  and  four  days ;  all  the  others  died  within  two  months,  from 
shock,  sepsis,  or  secondarj-  hemorrhage ;  though  in  Burrell's  case,  which 
lived  one  hundred  and  four  days,  death  may  be  properly  attributed  to 
coexisting  cardiac  disease.  With  our  improved  technic,  the  mortality 
from  sepsis  and  attendant  secondary  hemorrhage  can  surely  be  dimin- 
ished. In  such  a  formidable  procedure,  it  seems  wise  to  disregard  soft 
parts,  and  even  bone,  and  the  following  operation  is  therefore  advo- 
cated: 
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By  Resection  of  a  Portion  of  the  Sternum — An  incision  is  made 
from  the  level  of  the  cricoid  cartilage  along  the  anterior  border  of  the 
sternomastoid  down  the  middle  of  the  sternum  to  the  gladiolus.  The 
lower  attachments  of  the  right  sternomastoid,  sternohyoid,  and  stenio-  . 
thyroid  muscles  are  divided  close  to  the  bone  and  allowed  to  retract. 
A  spatula  is  placed  between  the  sternum  and  the  large  veins.  The 
upper  outer  part  of  the  manubrium  with  the  sternoclavicular  articula- 
tion and  insertion  of  the  first  rib  should  then  be  removed  with  a  chisel  . 
or  rongeur  forceps.  The  large  inferior  thyroid  veins  are  found  and 
tied  betwL-on  ligatures.  The  innominate  artery  is  thus  freely  exposed, 
and  the  surrounding  structures  may  be  identified  by  sight  as  well  as 
touch.  With  the  finger  or  a  blunt  dissector  the  areolar  tissue  is  gently 
separated  from  the  vessel.  In  front  Ues  the  junction  of  the  left  and 
right  innominate  veins,  dilating  and  contracting  with  respiration.  To 
the  outer  side  are  found  the  phrenic  and  pneuniogastric  nerves,  with 
the  pleura.  Behind,  and  on  the  inner  side,  the  artery  rests  on  the 
trachea.  Avoiding  all  'these  structures,  two  large  silk  ligatures  are 
pas.sed  about  the  vessel,  \  inch  apart.  These  are  tightened  gently  and 
firmly  until  pulsation  ceases  in  the  distal  portion.  In  aneurysm,  the 
common  carotid  and  vertebral  arteries  should  also  be  ligatured,  to  pre- 
vent collateral  circulation  in   the  sac. 

I,igatiire  of  the  Subclavian  Artery. — The  incision  for  ligature 
of  the  first  portion  of  the  left  subclavian  is  similar  to  that  for  the 
innominate  artery,  though,  of  course,  on  the  opposite  side.  The 
muscles  and  deep  cervical  fascia  arc  divided  in  the  same  manner.  No 
bone  will  require  removal  unless  the  vessel  is  to  be  tied  near  the  arch, 
whei;e  it  is  situated  even  deeper  than  the  innominate  artery.  The 
internal  jugular  and  left  innominate  veins  are  retracted,  respectively, 
outward  and  downward.  The  thoracic  duct  offers  the  chief  difficulty. 
Search  should  be  made  for  the  main  trunk  to  the  inner  side  of  the 
ascending  subclavian.  It  arches  at  a  higher  level  than  the  artery,  and 
frequently  ends  by  two  or  three  branches.  When  the  ligature  is  passed 
from  within  outward,  the  pneumogastric  nerve  and  duct  should  be 
pushed  inward  and  the  phrenic  nerve  carefully  defined  on  the  outer 
side. 

The  Right  Subclavian  in  its  First  Portion — A  similar  incision  is 
made,  ending,  however,  an  inch  below  the  sternoclavicular  joint.  No 
bone  need  be  removed.  The  sternomastoid  is  divided  and  retracted 
outward  with  the  internal  jugular  vein.  The  phrenic  nerve  is  found 
along  the  inner  border  of  the  scalenus  anticus  ;  the  pneumogastric 
nerve  lies  in  front  of  the  vessel.  The  numerous  arterial  branches 
must  be  isolated  and  pushed  aside,  and  the  ligature  passed  by  sight 
below  them.  This  is  a  very  dangerous  procedure,  there  having  been 
only  3  successful  cases  reported.' 

The  Second  Portion — The  incision  and  steps  are  the  same  as  for 
the  ligation  of  the  third  portion,  next  to  be  described.  Avoiding  the 
phrenic  nerve,  which  is  held  to  the  inner  side,  the  scalenus  anticus  is 
cautiously  divided  by  a  transverse  incision  and  allowed  to  retract.  The 
artery  lies  immediately  behind  it  with  one  or  more  branches.  The 
ligature  is  passed  from  before  backward. 

>  Haisted,  1892  ;  B.  F.  Curlis,  1897  ;  Allinghun,  1899. 
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The  Third  Portion  (Fig.  72}. — This  part  of  the  artery  is  relatively 
easy  of  access,  and  is  ligatured  for  hemorrhage,  aneurysm,  or  as  a  pre- 
liminary to  amputation  of  the  upper  extremity.  The  artery  has  similar 
relations  on  both  sides  of  the  body.  Having  previously  pulled  the 
skin  over  the  clavicle  firmly  downward,  a  4-inch  incision  is  begun,  an 
inch  from  the  sternoclavicular  joint,  and  carried  along  the  clavicle 
down  to  the  bone.  The  parts  are  allowed  to  retract,  and  the  deep 
&scia  is  then  divided.  The  extemal  jugular  vein  at  the  posterior 
border  of  the  stemomastoid  is  easily  tied  between  two  ligatures.  The 
shoulder  must  now  be  pulled  down  as  far  as  possible.  In  muscular 
subjects  the  space  between  the  clavicular  attachments  of  the  trapezius 
and  stemomastoid  is  often  narrow,  and  part  of  these  muscles  may 
require  division.     The  supraclavicular  fat  is  gently  separated  from  the 
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IL  )RL    T^KJgraphy  of  the  subclaviaji  artery  above  (he  ctavicLe,  ontiide  the  scalenus  ontjcui 

muscle  (aner  Locbker). 


underljing  structure  and  retracted  upward  and  inward.  The  operator, 
standing  at  the  patient'.s  head,  nc.\t  defines  the  insertion  of  the  scalenus 
anticus  into  the  tubercle  of  the  first  rib.  This  is  best  done  by  inserting 
the  forefinger  deeply  into  the  wound,  using  the  right  hand  in  right 
incisions,  and  the  left  in  left  incisions.  The  artery  will  be  felt  pulsating 
behind  and  to  the  outer  side  of  the  tubercle.  The  xein  lies  in  front, 
and  is  rarely  seen.  Posterior  to  the  vessel  lie  the  inner  cords  of  the 
brachial  plexus.  In  this  and  similar  operations  in  the  neck,  the  smaller 
veins  which  are  encountered  should  be  tied  between  two  ligatures; 
arterial  twigs  should  be  similarly  treated.  By  such  careful  technic 
staining  of  the  areolar  tissue  with  blood  is  avoided  and  the  dissection 
&r  more  clearly  made.  With  the  artery  in  plain  sight,  the  sheath  is 
carrfully  incised  and  the  ligature  passed  in  either  direction,  preferably 
from  the  vein. 

Ligature  of  the  Superior  Thyroid  Artery  (Fig.  73).— This 
artery  arises  from  the  external  carotid  at  the  upper  edge  of  the  thyroid 
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cartilage,  and  passes  inward  and  downward,  sending  branches  to  the 
thyroid  muscles  and  gland.  The  superior  laryngeal  nerve  is  just  above 
and  to  its  inner  side.  The  only  indications  for  tying  this  vessel  are 
vascular  enlargements  of  the  thyroid  gland,  and  as  a  preliminary  to 
thyroidectomy. 

OptTation. — An  incision,  3  inches  long,  is  made  along  the  inner 
border  of  the  sternomastoid,  with  its  center  opposite  the  upper  part 
of  the  tumor.  The  skin  and  deep  fascia  are  divided,  and  the  sterno- 
mastoid muscle  drawn  to  the  outer  side.  Search  is  made  at  the  upper 
inner  aspect  of  the  lateral  lobe  of  the  thyroid,  and  the  anterior  branch 
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Fig.  73. — Topograpby  of   Ihe  carolid  ariery   irom   ihe  cncoid   cartilage  to  the  hyoid  bone 

(after  Locbker). 

of  the  artery  easily  found.  This  is  ligatured,  or  the  artery  followed 
higher  up  in  the  neck  and  there  tied. 

Wgature  of  the  Inferior  Thyroid  Artery. — This  branch  arises 
from  the  thyroid  axis,  and  passes  upward  to  the  level  of  the  cricoid 
cartilage,  where  it  bends  sharply  inward  and  divides  into  two  branches 
behind  the  lower  part  of  the  lateral  lobe  of  the  gland.  The  recurrent 
laryngeal  nerve  passes  upward  in  the  groove  between  the  trachea  and 
esophagus,  and  usually  behind  the  terminal  branches  of  the  artery. 
The  vessel  rests  on  the  loiigus  colli  muscle  close  to  the  vertebral 
column. 

Opcralioti. — A  3-inch  incision  is  made,  opposite  the  cricoid  cartilage, 
along  the  anterior  border  of  the  sternomastoid.  This  muscle  is  re- 
tracted to  the  outer  side  with  the  common  sheath  of  the  great  vessels, 
while  the  lar>'nx  and  thyroid  gland  are  pulled  inward.  The  inferior 
thyroid  artery  can  always  be  recognized  from  its  horizontal  direction. 
Half  an  inch  below  the  carotid  tubercle,  the  sympathetic  cord  crosses 
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it  at  right  angles,  and  should  be  pushed  to  the  outer  side.  The  recur- 
rent laryngeal  nerve,  lying  near,  can  also  be  recognized  by  its  vertical 
direction,  nearer  the  median  line.  The  ligature  is  passed  from  below 
upward,  away  from  the  inferior  thyroid  veins,  and  tied. 

Ligature  of  the  Vertebral  Artery. — This  artery  arises  from  the 
subclavian  close  to  the  inner  border  of  the  scalenus  andcus.  In  the 
groove  between  this  muscle  and  the  longus  colh  it  runs  upward  to  the 
transverse  process  of  the  sixth  cervical  vertebra. 

Opfration. — The  operation  is  the  same  as  that  for  ligature  of  the 
inferior  thjToid,  but  more  difficult,  as  the  vertebral  artery  lies  deeper 
under  the  prevertebral  fascia.  This  fascia  is  vertically  incised  \  inch 
below  the  carotid  tubercle.  The  artery  is  here  ligatured  just  above  the 
bend  of  the  inferior  thyroid,  which  is  pushed  downward.  The  verte- 
bral vein  is  best  ligatured  with  the  artery. 

Ivigature  of  the  Axillary  Artery  ( Fig.  74). — This  vessel  extends 
from  the  lower  border  of  the  first  rib  to  the  lower  margin  of  the  teres 
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major.  If  the  arm  is  abducted  to  a  right  angle,  the  artery  lies  under  a 
line  drawn  from  the  middle  of  the  clavicle  to  the  middle  of  the  bend 
of  the  elbow.  It  is  divided  into  three  portions  by  the  pcctoralis  minor. 
Above  this  muscle  the  costocoracoid  membrane  sends  an  expansion  to 
the  axillary-  vein,  which  lies  internal  and  anterior  to  the  artery.  On  the 
outer  side  run  the  cords  of  the  brachial  plexus.  The  cephalic  vein 
passes  upward  along  the  inner  border  of  the  deltoid,  and  between  it 
and  the  pectoralis  major ;  having  pierced  the  costocoracoid  membrane, 
it  empties  into  the  axillary  vein. 

O/xralion. — A  4-inch  incision  should  be  made  over  the  interspace 
between  the  deltoid  and  pcctoralis  major,  which  muscles  should  then 
be  widely  retracted.     The  cephalic  vein,  previously  defined,  is  left  in 
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the  outer  margin  of  the  wound.  The  costocoracoid  fascia  is  incised 
with  care,  and  the  axillary  vein  found  and  pulled  inward.  Deeply 
placed  and  slightly  to  the  outer  side  of  it  lies  the  artery.  The  ligature 
is  passed  away  from  the  adjacent  ner\"c-cords.  This  operation  is  more 
bloody  and  difficult  than  ligature  of  the  third  part  of  the  subclavian. 

Ligature  in  the  Axilla — An  incision  3  inches  long  is  made  at  the 
junction  of  the  anterior  and  middle  thirds  of  the  axilla,  along  the  pos- 
terior border  of  the  coracobrachiali.s  muscle.  The  deep  fascia  is 
incised  and  the  two  lips  of  the  wound  rrculy  retracted.  The  vein  is 
below  and  slightly  overlaps  the  artery.     Above  is  the  median  nerve ; 


IV.  raHalis. 


W  axillaris. 


Fig.  7s.— Topograph j-  of  the  axillary  artery  (afler  Loebket). 


below  are  the  internal  cutaneous  and  ulnar  nerves.  These  structures 
should  be  retracted,  and  the  artery-  isolated  and  tied. 

Ijigattire  of  the  Brachial  Artery. — The  brachial  arterj'  extends 
from  the  junction  of  the  anterior  and  middle  thirds  of  the  axilla  to  the 
inner  side  of  the  biceps  tendon  at  the  middle  point  of  the  bend  of  the 
elbow.  Opposite  the  neck  of  the  radius  it  divides  into  the  ulnar  and 
radial  arteries;  the  median  nerve  follows  the  vessel  closely.  At  first, 
the  median  nerve  lies  to  the  upper  and  outer  side  of  the  arterj-,  which 
it  crosses,  usually  in  front,  about  the  middle  of  the  arm,  and  continues 
its  course  along  the  inner  side.  The  arterj"  lies  in  the  groove  betAveen 
the  biceps  and  triceps  muscles.  The  brachial  ven.'e  comites  are  irregu- 
lar in  size :  just  above  the  middle  of  the  arm  the  basilic  vein  pierces 
the  deep  fascia,  to  unite  luth  them  to  form  the  axillary  vein. 

Operation  at  the  iVllddle  of  the  Arm. — An  incision  is  made  ovcr 
the  line  of  the  arter>-  and  carried  through  the  deep  fascia.  The  basilic 
vein  should  be  made  tense  and  avoided ;  the  biceps  muscle  is  disclosed 
and  drawn  outward ;  the  sheath  surrounding  the  aner>-.  rans,  and 
nerves  is  carefully  incised ;  the  artery  separated  and  ligated.     Occa- 
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sional  high  division  of  the  brachial  artery  should  always  be  borne  in 
mind. 

Ligature  at  the  Bend  of  the  Elbow. — An  oblique  incision  is  made 
along  the  inner  border  of  the  biceps  tendon,  ending  at  the  bicipital 
fascia.  By  this  incision  superficial  veins  may  usually  be  avoided.  The 
artery  is  cxpcsed,  lying  between  the  bicipital  tendon  on  the  outer  side 
and  the  median  nerve  on  the  inner  side,  and  resting  on  the  brachialis 
amicus  muscle.     The  ven^E  comites  may  be  included  in  the  ligature. 

Ifigatnre  of  the  Radial  Artery. — This  artery  runs  from  the 
bifurcation  of  the  brachial  to  the  inner  side  of  tlie  styloid  process  of 
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Fig.  j6.—Topognphy  of  the  brachial  and  radial  arleriei  (rifht  arm)  (after  t^oebker). 

the  radius.  The  artery  is  covered  in  its  upper  third  by  the  belly  of  the 
supinator  longus.  then  runs  superficially  along  its  inner  border.  The 
radial  nerve  is  in  relation  to  the  vessel  only  in  the  middle  third,  and 
lies  to  the  radial  side. 

Ligature  in  the  Upper  Third. — An  incision,  beginning  2  inches  be- 
low the  bend  of  the  elbow,  is  made  over  the  line  of  the  arterj'.  and 
is  carried  through  the  deep  fascia.  The  supinator  longus  is  raised  and 
drawn  to  the  outer  side.  The  pronator  radii  teres,  of  which  the  oblique 
fibers  arc  easily  recognized,  is  pulled  to  the  inner  side.  The  artery  is 
disclosed  with  its  vens  comites  and  lied. 

Lisature  in  the  Lower  Third. — .\n  incision  2  inches  long  is  made 
upward  in  the  line  of  the  artery,  beginning  an  inch  above  the  tip  of  the 
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styloid  process.  The  artery  is  found  immediately  beneath  the  deep 
fascia.  On  the  ulnar  side  is  the  tendon  of  the  fle.xor  carpi  radialis.  The 
radial  nerve  is  not  seen.     The  artery  is  isolated  and  tied. 

Ifigattire  of  the  Ulnar  Artery. — The  line  for  incision  in  tying 
this  artery  runs  from  the  interna!  condyle  to  the  radial  side  of  the 
pisiform  bone.  In  the  lower  two-thirds  of  the  forearm  the  artery  lies 
directly  under  this  line.  In  the  upper  third  the  vessel  is  covered  by 
the  superficial  muscles  ari.sJng  from  the  internal  condyle,  and  is  situated 
under  a  slightly  curved  line,  with  the  convexity  inward,  drawn  from 
the  upper  border  of  the  middle  third  to  tlie  point  of  bifurcation.     The 
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Fig.  77. — Topography  of  the  radia!  and  ulnar  arteries  (iirter  Loebker). 


ulnar  nerve  joins  the  artery  above  its  middle  and  runs  to  the  wrist  on 
its  ulnar  side. 

The  Junction  of  the  Upper  and  Middle  Thirds  of  the  Arm. — An 

incision  4  inches  long,  with  its  center  at  the  above  point,  if  made  on 
the  line,  will  disclose  the  intermuscular  space  between  the  flexor  carpi 
ulnaris  and  sublimis  digitoruni  muscles.  This  septum  will  be  marked 
as  a  white  or  yellow  line  under  the  deep  fascia.  -Should  any  difficulty 
be  met,  a  superficial  transverse  incision  through  the  muscles  will  be  of 
great  help.  On  carefully  separating  these  two  muscles  and  pulling  the 
superficial  flexor  inward,  the  ulnar  nerve  comes  first  into  view,  lying 
on  the  deep  flexor;  a  little  outward,  but  in  the  same  plane,  is  found  the 
ulnar  artery.  A  needle  is  passed  from  the  nerve  about  the  veins  and 
artery. 

In  the  Lower  Third. — An  incision  through  the  deep  fa.scia  is  made 
just  to  the  radial  side  of  the  tendon  of  the  flexor  carpi  ulnaris.  The 
muscular  belly  extends  almost  to  the  wrist,  and  should  be  retracted  to 
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the  ulnar  side.  The  ligature  U  passed  from  the  nerve  which  lies  on  the 
ulnar  side. 

I,igatiire  of  the  Common  Carotid. — In  operations  in  the  neck 
the  ptisition  of  (he  head  is  most  important.  The  face  should  be  turned 
frtini  the  side  to  be  operated  upon,  the  shoulder  depressed,  and  a  firm 
pillow  placed  behind  the  extended  neck ;  later  the  head  may  be  flexed 
to  relax  the  muscles.  The  line  of  the  carotid  artery  runs  from  the 
sternoclavicular  articulation  to  a  point  midway  between  tlie  angle  of 
the  jaw  and  the  mastoid  process.  The  carotid  divides  opposite  the 
upper  border  of  the  thyroid  cartilage.  Here  the  external  carotid  is 
anterior,  the  internal  posterior.  This  relation  soon  changes,  the  e.xter- 
nal  carotid  lying  to  the  outer  side  and  posterior  to  the  internal  carotid. 
The  length  of  the  right  common  carotid  is  usually  3J  to  4  inches,  the 
left  an  inch  more.  The  internal  jugular  vein  emerges  from  the  skull 
behind  the  internal  carotid;  it  soon  passes  to  the  outer  side  of  the 
artcr>',  greatly  increased  in  size  by  the  addition  of  the  temporofacial 
veins  at  the  level  of  the  hyoid  bone,  and  runs  down  the  neck  on  the 
outer  side  of  the  common  carotid  arterj',  which  it  overlaps.  The  pneu- 
mogastric  nerve  lies  behind  and  between  the  common  carotid  and 
internal  jugular  vein,  and  is  enclosed  in  a  separate  compartment  of  the 
common  sheath.  The  hypoglossal  nerve  curves  inward  about  the 
occipital  artery  at  its  origin,  sending  otT  the  descendens  hypoglossi 
nerve,  which  runs  downward  over  the  common  sheath.  As  the  stemo- 
mastoid  muscle  passes  to  its  insertion,  it  crosses  the  common  carotid 
obliquely,  so  that  the  lower  portion  of  the  arter>-  comes  to  lie  deeply 
near  its  posterior  border.  The  omohyoid  muscle  crosses  the  artery  at 
the  level  of  the  cricoid  cartilage.  The  point  of  election  is  above  the 
tendon  of  this  muscle.  As  ligature  of  the  common  carotid  will  not 
completely  control  hemorrh.age  from  the  external  carotid  branches, 
owing  to  the  free  anastomosis,  and  as  brain-symptoms  follow  ligature 
of  the  common  carotid  in  about  20  per  cent,  of  all  cases,  this  opera- 
tion should  never  be  done  when  ligature  of  the  external  carotid  alone 
will  suffice. 

Operalion. — A  3-inch  incision  downward  from  the  cricoid  cartilage 
is  made  along  the  anterior  border  of  the  stemomastoid.  The  skin, 
subcutaneous  ti.ssue,  platysma.  and  deep  cer\'ica]  fascia  are  divided. 
The  stemomastoid  is  retracted  to  the  outer  .side.  Above  the  omohyoid 
the  arter^'  is  quite  superficial.  The  common  sheath  is  carefully  opened 
on  its  inner  side,  to  avoid  the  jugular  vein.  The  artery  is  isolated  with 
a  blunt  dissector.  The  needle  is  passed  from  the  vein,  avoiding  the 
pneumogastric  nerve  behind.  Below  the  omohyoid  the  artery  lies  deep 
in  the  neck,  under  the  stemomastoid.  When  an  aneurysm  exi.sts  in 
the  upper  part  of  the  arterj-,  this  muscle  may  require  division  before 
the  lijjature  can  be  properlv  appliid. 

Ligature  of  the  Internal  and  External  Carotids  at  their 
Origins, — An  incision  of  3  inches  is  made  along  the  anterior  border  of 
the  sternocleidomastoid,  from  the  angle  of  the  jaw  downward  through 
the  deep  fascia.  The  external  jugular  vein  should  be  divided  between 
two  ligatures,  and  the  muscle  retracted  outward  as  before.  The 
temporofacial  vein,  as  it  unites  with  the  internal  jugular,  should  be 
pulled  upward  and  outward.     By  its  branches  the  external  carotid  may 
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be  distinguished  from  the  singk'  trunk  of  the  internal  carotid  lying 
behind..  The  superior  larj'ngeal  nerve  passes  along  the  inner  side  of 
the  internal  jugular  to  the  larynx.  The  pneuniogastric  nerve  must  be 
clearly  seen.  The  ligature  is  passed  from  without  inward  about  either 
artery. 

Ifigature  of  the  I,mg:ual  Artery.— The  lingual  artery,  a  branch 
of  llie  external  carotid,  is  gL\en  off  at  about  the  level  of  the  greater 
cornu  of  the  hyoid  bone,  where  it  is  deeply  placed.  It  passes  forward 
beneath  the  stylohyoid  and  posterior  belly  of  the  digastric,  and  enters 
the  submaxillary  triangle,  which  is  bounded  by  the  anterior  and  pos- 
terior bellies  of  the  digastric  and  the  ramus  of  the  jaw.  Shortly  after 
entering  this  triangle  the  vessel  passes  behind  the  hj-oglossus  muscle, 
by  which  it  is  covered  tliroughout  the  rest  of  its  course.     The  hypo- 
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Fic.  78. — Topography  of  the  lingual  aod  Gicial  arteries  (after  Loebker). 


glossal  nerve  also  cro.sses  the  submaxillary  triangle  in  a  direction 
parallel  to  the  jaw  and  superficial  to  the  hyoglossus  muscle,  which  thus 
separates  the  ner\-e  from  the  artcrj'.  The  triangle  formed  by  the  two 
bellies  of  the  digastric  below  and  the  hypoglossal  ner\-e  above  is  the 
most  convenient  situation  in  which  to  secure  the  lingual  artery,  and  is 
readily  found. 

Operation. — A  curved  incision  is  made,  starting  at  the  angle  of  the 
jaw  and  descending  to  the  level  of  the  hyoid  bone,  and  then  up  again 
to  a  point  about  1  inch  to  one  side  of  the  symphysis  of  the  jaw.  This 
cut  is  deepened  so  as  to  divide  the  skin,  platysma.  and  the  deep  fascia 
attached  to  the  hyoid  bone.  The  flap  thus  formed  is  turned  up.  carr>-- 
ing  with  it  the  submaxillary  gland,  and  the  digastric  muscle  and  hypo- 
glossal nerve  come  into  view.  The  mylohyoid  muscle  may  encroach 
considerably  upon  the  triangle,  and  its  posterior  fibers  should  be  divided 
if  necessary.  The  field  having  been  fully  exposed,  the  hyoglossus 
muscle  is  divided  close  to  the  hyoid  bone  and  turned  upward,  when 
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the  lingual  artery  will  be  seen  running  nearly  parallel  to  the  course  of 
the  hypoglossal  ner\T,     There  is  no  vein  in  close  relation  to  the  artery. 

I/igatnre  of  the  Facial  Artery. — The  facial  artery  leaves  the 
carotid  generally  in  close  relation  to  the  lingual  arterj'  and  passes 
beneath  the  hyoid  muscle  to  the  deep  surface  of  the  submaxillar}-  gland. 
under  cover  of  which  it  runs  until  it  reaches  the  masscter,  when  it 
turns  abruptly  upward  along  its  a:Herior  border,  where  the  pulsation 
can  be  felt.  The  vein  lies  posterior  to  the  arterj'  and  crosses  the  sub- 
maxillary gland  superficially. 

Operation. — The  vessel  is  best  exposed  b\'  an  incision  parallel  to  the 
ramus  of  the  jaw.  with  its  center  at  the  anterior  border  of  the  masseter 
muscle.  In  this  way  tlie  vessel  can  be  found  without  difficulty ;  the 
small  branches  of  the  facial  nerve  are  not  injured,  and  the  scar  is  better 
placed.  The  ligature  is  generally  passed  from  behind  forward,  but  the 
\'ein  is  not  always  very  close  to  the  arterj-. 

Ligature  of  the  Occipital  Artery. — The  occasions  on  which 
this  vessel  will  be  tied  must  be  excccdinglj-  rare,  as  in  cases  of  cirsoid 
aneurysm  of  the  scalp  the  afferent  and  efferent  vessels  will  be  tied  as 
thej-  appear,  without  regard  to  their  position.  The  ves.sel  maj'  be 
found  by  making  an  incision  from  the  tip  of  the  mastoid  process  back- 

d  and  shghtly  upward  for  about  2  inches.  The  aponeurosis  of  the 
omastoid  and  the  insertion  of  the  splenius  must  be  freeh"  divided, 
.hen  the  pulsation  of  ihe  vessel  can  be  felt, 

I^i^tnre  of  the  Temporal  Artery. — The  temporal  arterj'  is  the 
linear  continuation  of  the  external  carotid,  which  di\-ides  into  its  ler- 
tninal  branches,  the  temporal  and  internal  ma.xillarj',  at  about  the  level 
of  Ihe  neck  of  the  lower  jaw.  The  temporal  artery  is  at  first  deeply 
placed  in  the  substance  of  the  parotid  gland ;  but  at  about  the  level  of 
the  external  auditorj'  meatus  it  becomes  superficial,  running  upward  in 
front  of  the  ear  over  the  root  of  the  zjgoma.  and  divides  into  its  ter- 
minal branches  at  a  variable  distance  above  that  level.  The  temporal 
vein  and  the  auriculotemporal  nerve  lie  between  it  and  the  ear.  It  is 
best  exposed  by  a  vertical  incision  1  inch  in  length,  a  finger's  breadth 
in  front  of  the  ear.  starting  at  the  level  of  the  zjgoma  and  running 
upward.  This  will  avoid  danger  of  injuring  the  branches  of  the  facial 
nerve,  which  are  below  the  zygoma  at  this  point. 

Ligattire  of  the  Abdotninal  Aorta. — As  far  as  we  are  aware, 
the  abdominal  aorta  has  never  been  successfullj'  tied,  though  several 
attempts  have  been  made.  The  technic  of  the  operation  presents  no 
difficulties.  The  incision  should  be  made  through  the  left  rectus  mus- 
cle, about  \  inch  from  the  median  hne.  with  its  center  at  the  level  of 
the  umbilicus.  The  peritoneal  cavity  should  be  freely  opened,  and  the 
intestines  walled  back  with  gauze.  The  position  of  the  vessel  can  be 
told  by  fcehng  the  pulsations  with  the  finger;  the  posterior  parietal 
peritoneum  ts  incised,  and  the  ligature  passed  from  the  right  side,  to 
avoid  the  vena  cava. 

Ifigattire  of  the  Common  Iliac  Artery. — The  position  of  the 
common  iliac  arterj-  is  indicatfd  bj-  a  line  drawn  from  the  left  side  of 
the  umbilicus  to  the  center  of  a  line  connecting  the  anterior  superior 
spine  of  the  ilium  with  the  symphysis  pubis.  The  vessel  varies  in 
length  from  ij  to  3  inches,  and  extends  from  the  fourth  lumbar  vcrte- 
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bra  to  the  sacro-iliac  synchondrosis,  where  it  divides  into  the  external 

and  internal  iliacs.  The  relations  of  the  vessels  to  veins  differ  some- 
what on  the  two  sides,  the  left  being  in  relation  only  with  the  left 
common  iliac  vein,  while  the  right  has  the  right  common  iliac  vein 
behind  its  lower  part,  the  left  common  iliac  vein  behind  it  above  die 
middle,  while  the  lower  end  of  the  vena  cava  lies  behind  its  upper  end. 
Both  vessels  are  in  the  same  relation  to  the  ureters,  which  cross  at  or 
near  the  bifurcation. 

After  ligature  of  the  common  iliac  the  collateral  circulation  is  car- 
ried on  through  the  anastomosis  of  the  internal  mammary  with  the 
deep  epigastric,  of  the  circumflex  iliac  with  the  lumbar  arteries,  and  of 
the  viscera!  branches  of  the  internal  iliac  with  those  of  the  other  side. 
The  older  writers  laid  great  stress  on  the  extraperitoneal  method  of 
tying  the  common  iliac,  but  we  do  not  believe  that  the  method  was 
chosen  for  any  reason  other  than  the  fear  of  opening  the  peritoneal 
cavity — a  procedure  that  is  fraught  with  but  littie  danger  to-day.  The 
extraperitoneal  method  necessarily  results  in  damage  to  the  retroperi- 
toneal adipose  tissue,  which  we  believe  to  be  far  more  liable  to  infection 
tlian  the  peritoneum,  and  can  hardly  avoid  some  damage  to  the  lumbar 
vessels  and  muscular  branches  which  play  an  important  part  in  the  col- 
lateral circulation.  The  choice  of  incision  lies  between  that  in  the 
median  line  and  that  through  the  rectus  muscle,  and  the  question  must 
be  decided  by  the  preference  of  the  individual  operator.  In  either  case, 
the  incision  should  start  at  about  the  level  of  the  umbilicus,  and  be 
continued  downward  a  variable  distance  according  to  the  thickness  of 
the  abdominal  wall.  The  use  of  the  Trendelenburg  position  will  facili- 
tate exposure  of  the  field  by  removing  the  mass  of  small  intestine,  and 
the  vessel  will  bo  readily  found  running  along  the  brim  of  the  pelvis. 
The  peritoneum  covering  the  vessel  may  be  incised  somewhat  to  the 
outside,  and  the  opening  thus  made  freely  enlarged  with  the  fingers. 
The  ureter  is  in  relation  only  with  the  lower  part  of  the  vessel,  and  need 
not  be  .seen;  but  its  position  will  be  generally  so  obvious  that  there  is 
little  danger  of  its  being  injured.  The  chief  difficulty  will  be  found  in 
separating  the  vessel  from  the  veins ;  and  it  is  important  to  have  a  thor- 
oughly good  exposure  and  plenty  of  room.  After  the  ligature  is  tied, 
the  peritoneum  covering  the  vessel  should  be  closed  with  sutures,  and 
the  remainder  of  the  operation  completed  as  in  any  clean  laparotomy. 
It  will  probably  be  wise  to  close  the  wound  without  drainage. 

Wgature  of  the  Internal  Iliac— The  internal  iliac  runs  down- 
ward and  forward  from  the  sacro-iliac  synchondrosis.  It  is  in  relation 
anteriorly  with  the  ureter  and  at  its  upper  part  with  the  external  iliac 
vein,  posteriorly  with  the  internal  iliac  vein  ;  it  rests  on  the  nerves  of 
the  sacral  plexus.  It  is  exposed  by  an  incision  similar  to  that  for  the 
common  iliac,  but.  owing  to  its  depth  and  to  the  fact  that  on  the  left  it 
is  partially  covered  by  the  rectum,  the  ojx:ration  is  somewhat  more 
difficult.  Ligature  of  this  arterj-  is  rarely  done  except  for  gluteal 
aneurysm :  though  recently  it  has  been  advocated  for  uterine  fibroid 
and  for  hvpertrophv  of  the  prostate. 

Ugainre  of  tie  External  Iliac. — The  older  operators  usually 
preferred  to  tic  the  external  iliac  in  pl.ncc  of  the  common  femoral,  for 
fear  of  secondary  hemorrhage ;  but  at  the  present  time  this  danger  has 
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decreased  so  much  that  the  choice  must  be  made  upon  other  grounds. 
The  close  proximity  of  large  branches  makes  ligature  of  the  common 
femoral  a  more  difficult  procedure,  though  the  collateral  circulation  is 
somewhat  less  good  after  the  latter  operation.  The  vessel  lies  in  the 
line  already  indicated  for  the  common  iliac,  and  has  no  branches  of 
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PlO,  79. — Topography  of  the  exiemal  ilhic  aod  femoral  arlerici  (after  Locbker). 

importance  except  near  its  termination,  where  it  gives  off  the  deep  cir- 
cumflex iliac  and  the  deep  epigastric.  The  vein  lies  at  first  below  and 
later  to  the  inner  side,  while  the  genital  branch  of  the  genitocrural 
nerve  lies  rather  on  its  outer  side.  Ligature  of  this  vessel  is  most 
commonly  done  prior  to  amputation  at  the  hip-joint  and  for  femoral 
ancur^'sm.  and  the  exact  position  of  the  vessel  is  most  readily  found 
by  feeling  the  pulsation. 


$ 
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The  extraperitoneal  method  is  that  most  commonly  used.  The 
patient  should  be  placed  in  the  dorsal  position,  with  hips  elevated  so 
as  to  hyperextend  the  thigh.  The  incision  is  made  i  inch  above  and 
parallel  to  Poupart'a  ligament,  with  its  center  over  the  line  of  the 
vessel.  The  deep  epigastric  artery  crosses  the  line  of  this  incision,  and 
should  be  avoided,  as  it  forms  an  important  part  of  the  collateral  anas- 
tomosis. The  incision  is  carried  down  to  the  peritoneum,  which  is  then 
pushed  back,  exposing  the  vessel. 

Ifigature  of  the  Gluteal,  Sciatic,  and  Internal  Piidic  Arte- 
ries.— Ligature  of  these  arteries,  except  for  traumatic  aneurysm,  will 
rarely,  if  ever,  be  done.  In  cases  of  hemorrhage  following  wounds, 
the  bleeding  point  will  be  sought  and  secured  regardless  of  its  ana- 
tomical position. 

The  gluteal  artery  emerges  from  the  pelvis  above  the  pyriformis 
muscle,  which  is  the  guide  to  the  vessel,  and  will  be  found  at  the  mid- 
dle third  of  a  line  drawn  from  the  posterior  superior  spine  of  the  ilium 
to  the  top  of  the  great  trochanter.  The  incision  should  be  free,  and 
should  be  deepened  until  the  pyriformis  muscle  is  found. 

The  sciatic  artery  is  placed  below  the  pyriformis  muscle,  and  its 
course  is  indicated  by  a  line  drawn  from  the  posterior  superior  spine  of 
the  ilium  to  the  tuberosity  of  the  ischium.  The  incision  should  be 
made  over  the  center  of  this  line,  parallel  to  the  fibers  of  the  gluteus 
maximus. 

The  internal  pudic  artery  leaves  the  pelvis  by  the  same  opening  as 
the  sciatic  artery  ;  but  it  immediately  re-enters,  and  then  runs  up  along 
the  ramus  of  the  pubes.  It  is  most  readily  secured  in  the  perineum  by 
an  incision  made  on  a  line  extending  from  the  symphysis  pubis  to  the 
inner  part  of  the  tuber  ischi^. 

liigattire  of  the  Femoral  Artery. — The  importance  of  the 
femoral  artery  in  operative  surgery  is  not  altogether  an  historic  one. 
for  the  vessel  is  not  infrequently  wounded,  and  ligature  of  this  vessel  is 
at  the  present  time  the  most  prominent  method  of  treating  popliteal 
and  femoral  aneurysms. 

The  course  of  the  vessel  may  be  indicated  by  a  line  drawTi  from  a 
point  midway  between  the  anterior  superior  spine  of  the  ilium  and  the 
symphysis  pubis  to  the  adductor  tubercle  of  the  femur.  For  the  pur- 
pose of  operation  the  vessel  may  be  divided  into  three  parts:  I.  The 
common  femoral,  that  part  extending  from  Poupart's  ligament  to  the 
point  of  origin  of  the  profunda  femoris,  a  distance  of  from  I  to  2 
inches.  2.  The  superficial  fi moral,  that  part  extending  from  the  origin 
of  the  profunda  to  the  apex  of  Scarpa's  triangle.  3.  The  fcmorai  at 
HuKtcr's  canal. 

Ligature  of  Common  Femoral. — This  operation  is  somewhat  unsat- 
isfactory, owing  to  the  close  proximity  of  large  branches  and  to  the 
&ct  that,  in  the  past,  secondary  hemorrhage  has  been  of  frequent  occur- 
rcnccL  The  ^-essel  is  exposed  by  an  incision  starting  at  Poupart's  liga- 
ment and  extending  downward  3  to  4  inches  in  the  line  indicated 
abo\-e.  It  is  covered  only  by  the  skin,  superficial  fascia,  and  iliac  fescia, 
which  latter  should  be  cautiously  divided.  The  vein  lies  to  the  inner 
side,  and  is  included  in  a  compartment  of  the  sunt:  sbeath  a'i  the  artery. 
This  sheath  should  be  freely  opened,  the  artery  separated  from  the 
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vein,  and  the  needle  passed  from  within  outward,  keeping  close  to  the 
arterj'.  The  anterior  crural  nerve  Hcs  \  inch  to  the  outer  side,  and 
should  not  be  seen.  It  is  advisable  to  ascertain  the  location  of  the 
circumflex  and  profunda  arteries  before  the  hgature  is  tied. 

Ligature  of  Superficial  Femoral. — The  superficial  femoral  is 
readily  accessible,  being  covered  only  by  the  skin  and  superficial  fascia. 
The  thigh  should  be  flexed  and  abducted,  and  an  incision  made  with 
its  center  4  to  5  inches  below  Poupart's  ligament,  in  the  line  of  the 
vesseL  The  sartorius  muscle  is  directly  to  the  outer  side,  and  will 
be  recognized  by  the  oblique  direction  of  its  fibers,  and  drawn  out- 
ward, revealing  the  artery,  with  the  vein  to  the  inner  side  and  some- 
what behind.     The  needle  should  be  passed  from  within  outward. 

Ligature  in  Hunter's  Canal. — Hunters  canal  occupies  the  middle 
third  of  the  thigh,  which  should  be  partially  flexed  and  abducted,  as 
in  the  previous  operation.  The  incision  is  made  a  finger's  breadth  to 
the  inner  side  of  the  line  of  the  vessel,  so  as  to  find  the  sartorius  mus- 
cle. This  is  drawn  inward,  exposing  the  aponeurotic  covering  of  the 
canal  between  the  adductors  and  the  vastus  intemus.  in  which  the 
wessei  lies.  The  internal  saphenous  nerve  should  be  found  lying  upon 
the  anterior  surface  of  the  artery,  while  the  vein  lies  behind  and  some- 
what to  the  inner  side.  The  ligature  should  be  passed  from  within 
outward  and  upward,  to  avoid  the  vein,  care  being  taken  not  to  include 
the  nerve. 

IfiS^ature  of  the  Popliteal  Artery. — The  popliteal  artery  is 
most   readily  reached  in   the  middle  of  the  popliteal  space  midway 


.V.  umimemiranitsia. 


FlO.  Bo.— Topography  of  the  popliteal  arwry  («fter  Loebker). 


between  the  condyles  of  the  femur.  It  lies  directly  upon  the  bone, 
with  the  vein  behind  it,  and  the  internal  popliteal  nerve  superficial  to 
the  vein  and  slightly  to  the  inner  side.  The  patient  should  be  placed 
on  his  face,  with  the  leg  extended,  and  a  free  incision  made  through 
the  skin,  |  inch  outside  of  the  middle  line,  to  avoid  the  internal  saphe- 
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tloii«  Vi'ili,      rile  nerve  can  bo  Tl-U  as  a  tense  cord,  and  drawn  to  one 
i»ld(\  wliiMi  the  vein  will  l>o  found  embedded  in  a  mass  of  adipose  tissue 
(tml  intinmtcly  (uUicrcnt  to  the   arterj'.     It  should  be  carefully  but 
eiimnh'lily  ncjwnited,  .itid  all  bleeding  controlled.     If  the  dissection: 
hfls  Iwen  ertiiientK'  dune,  the  lij^aluro  may  be  passed  in  either  direc-' 
lion, 

Ifigntlire  of  the  Anterior  Tibial  Arterr. — A  line  dra^-n  from 
ttw  inner  side  kA  the  head  of  the  fibula  to  the  center  of  the  ankic- 
jivinl  will  indicate  the  cmirst.-  of  the  vx-sscl.  It  lies  upon  the  interos- 
WM^  membrane  in  the  iipivr  two-lhinis.  and  upon  the  anterior  surface 
<A  the  tibia  in  tlir  lower  third.     1'hc  vessel  has  upon  its  inner  side  tha 
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tendon  of  the  extensor  communis  digitorum  ;  and  in  its  lower  part  is  a 
V-shaped  space  between  the  extensor  longus  hallucis  and  the  inner 
fasciculus  of  the  extensor  brevis  digitorum.  It  is  covered  only  by 
the  skin  and  superficial  fascia,  and  rests  upon  the  bones  of  the  tarsus, 
having  the  internal  branch  of  the  anterior  tibial  nerve  generally  on  its 
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Fuj.  >■.— Topoeraph<r  of  the  antetior  libiil  Briery  in  \ht  lower  h«1f  of  Ihe  leg.  and  of  the 
dotHlii  pedis  (after  Loeblwr). 

outer  side.     The  incision  should  be  made  over  the  prominence  of  the 
instep  in  the  line  of  the  artcr>'. 

Llgatttre  of  the  Posterior  Tibial  Artery.— The  posterior  tibial 
artcrj-  exU-nds  from  the  inwcr  borck-r  of  the  poplitcus  muscle,  at  a 
point  midway  between  the  head  of  the  fibula  and  the  internal  tuberosity 
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of  the  tibia,  to  the  center  of  a  line  drawn  from  the  tip  of  the  internal 

malleolus  to  the  prominence  of  the  heei,  thus  inclining  gradually  to 
the  inner  side  of  the  leg.  In  its  upper  part  it  is  very  deeply  placed, 
being  covered  by  the  gastrocnemius  and  soleiis  and  firmly  bound 
down  to  the  fascia  covering  the  deep  group  of  muscles,  the  tibialis 
posticus  and  the  long  flexor  of  the  toes;  but  as  it  approaches  the 


Faicia  b/ tht 


A.  tttititii  pelt.' 


N.  Hbiatii. 


M,  gttUrecnem. 


i\f.  stiats. 


KiC  83. — Topography  of  the  posterior  tibial  nrlcry  In  the  middle  o(  Ihe  leg  (right  leg,  seen 
Irom  the  insidf)  (after  Lofbker). 


ankle-joint  it  becomes  much  more  superficial,  and  in  the  lower  third  is 
covered  only  by  skin  and  fascia. 

Ligature  High. — In  the  upper  two-thirds  of  the  leg  the  vessel  is 
so  difficult  to  reach  that  the  operation  is  rarely  done.  The  leg  should 
be  flexed  at  a  right  angle,  so  placed  that  the  internal  aspect  is  readily 
accessible,  and  a  free  incision  made  a  finger's  breadth  posterior  to  the 
inner  border  of  the  tibia.  The  internal  head  of  the  gastrocnemius  is 
pushed  aside,  and  the  attachment  of  the  soleus  to  the  tibia  divided 
^  inch  from  the  bone.  The  deep  intermuscular  fascia  will  then  come 
into  view,  and  the  muscular  planes  may  be  readily  separated.     The 
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artery  will  be  found  lying  upon  the  tibialis  posticus  muscle,  with  the 
ncne  to  the  outer  side. 

Ligature  Low. — The  artery  is  readily  reached  at  the  point  where 
it  passes  behind  the  interna!  malleolus,  having  the  tendons  of  the 
tibialis  posticus  and  flexor  longus  digitorum  between  it  and  the  mal- 
leolus, and  the  tendon  of  the  fiexor  longus  halluds  behind.  At  this 
point  the  nerve  generally  lies  posterior  to  the  artery ;  but  it  may  have 
divided  above  this  point,  when  the  artery  will  be  found  between  the 


Flo.  S4. — Topognphjr  of  the  poslerior  tibial   artery  in  Ibe  region  of  (he  utklC'joiiK  (after 

Loebkci). 


two  branches.    A  curved  incision,  a  finger's  breadth  behind  the  internal 
malleolus,  will  readily  expose  the  vessel, 

AMPUTATIONS. 

General  Considerations. — This  general  class  of  operations  may 
become  necessarj'  because  of  injury,  disease,  or  malformation.  For 
the  first  cause,  in  the  conservative  surgery  of  to-day,  amputations  are 
far  less  common  than  formerly.  In  the  second  class  are  included  all 
infectious  and  septic  cases.  Operations  performed  immediately  after 
the  injury  are  said  to  be  primary.  If  necessary  later,  from  extension 
of  the  septic  process,  or  to  save  life,  they  are  called  intermediate.  If 
for  improving  the  usefulness  of  the  part,  or  for  other  reasons,  after 
healing  has  taken  place,  they  are  called  secondary. 

Amputations  are  said  to  be  in  continuity  when  the  bone  is  sawed 
through  :  in  conligtiity.  when  at  the  level  of  the  joint  the  limb  is  dis- 
articulated. 

In  these  three  classes  of  causes  the  success  of  the  operation  ma)'  be 
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said  to  depend  upon  factors  that  are  common  to  all ;  for  instance,  to 
the  shock  of  an  operation  must  be  added,  in  cases  of  injury,  the  shock 
of  the  original  cause.  Therefore,  for  an  injury  it  is  the  rule  to  ampu- 
tate as  low  as  possible,  to  obtain  a  viable  stump,  even  at  the  risk  of 
leaving  a  less  perfect  stump,  as  the  shock  of  the  amputation  varies  dirfctly 
with  /At"  Utigth  of  the  part  amputated.  \ 

Shock  in  these  cases  also  varies  directly  with  the  amount  of  hem- 
orrhage and  the  duration  of  the  operation  ;  hence  celerity,  combined 
with  due  attention  to  hemorrhage,  is  an  important  factor.  On  the 
other  hand,  in  mahgnant  disease  it  is  all-important  to  remove  the 
disease  entirely,  with  sufficient  margin ;  and  in  malformation  most 
attention  must  be  paid  to  the  resultant  stump.  In  these  cases  it  is 
often  well  to  prepare  the  patient  for  operation  by  stimulant  and  tonic 
treatment  for  a  few  days. 

The  resultant  stump  is  to  be  considered  from  its  locality  as  success- 
ful, in  the  hand  or  foot,  for  its  non-interference  with  other  members, 
and  somewhat  for  its  appearance;  in  the  arm,  for  the  facile  attachment 
of  an  artiiicia!  hand ;  and  in  the  leg  and  thigh,  primarily  for  their 
weight- be  a  ring  function,  absolute  insensitiveness  is  essential.  The 
dangers  to  be  avoided  in  the  resultant  stump  are,  in  the  skin,  overtcn- 
sion,  which  may  interfere  with  its  nutrition  ;  in  the  muscJe-flap,  insuffi- 
cient blood-supply,  which  may  delay  healing  ;  and  in  the  bone,  rough 
edges  or  careless  laceration  of  the  periosteum,  which  will  give  trouble 
in  the  stump  by  undue  proliferation  or  necrosis.  Nerves  may  also  be 
caught  in  the  scar,  and  be  a  cause  of  much  pain. 

In  general,  to  obtain  a  good  result,  the  skin-flap  should  be  cut  long 
enough  to  cover  the  stump  without  drawing  tightly,  without  being  so 
loose  as  to  cause  redundancy ;  the  latter  being  the  lesser  evil,  but 
retarding  somewhat  the  hardening  of  the  stump  into  condition  to  sup- 
port appar.itu.s.  The  scar  will  then  be  freely  movable  over  the  under- 
lying parts,  and  should  be  out  of  the  way  of  pressure ;  for  instance,  in 
the  fingers  the  scar  should  be  on  tlie  back ;  in  the  leg,  it  should  be  to 
one  side. 

The  muscle-flap  should  closely  approximate  to  its  fellow  or  should 
itself  cover  the  bone.  Nerves  should  be  cut  short  and  allowed  to 
retr.tct:  they  will  then  be  out  of  the  way  of  pressure  in  the  scar,  and 
then,  even  if  "bulbs"  form,  they  will  probably  give  no  trouble.  Ten- 
doas  and  ril)r"u;<  tissue  should  also  be  cut  short,  for  their  blood-supply 
!.■»  never  too  good ;  ;uid  .is  they  are  likely  to  turn  under  the  long 
amputating -knife  ami  leave  ragged  edges,  they  should  be  drawn  down 
witli  fnrcrps  and  cut  again. 

rile  patholoj^icai  ehanges  which  take  place  in  the  stump  are  repre- 
sented by  .ilropliy  of  the  muscles  and  a  general  increase  of  connective 
tissue,  OeciiHinn.illy,  in  a  child,  the  bone  may  continue  to  grow,  and 
this  camml  he  eiilirely  avoided ;  but  a  bad  result  may  in  a  measure  be 
prevented  by  tawinij  the  bone  especially  short  in  these  patients.  When 
it  occurs,  .I  second  operation  is  the  only  remedy.  To  ensure  smooth 
eiida  to  the  bones  the  peri»v(teuni  should  be  peeled  back  a  short  dis- 
tance before  sawing,  and  then  tunied  owr  the  end  of  the  bone.  The 
objection  to  this  nu-lhod— vii.,  th.n  ii.>.teophytcs  may  form  and  pro- 
llfemtion  of  the  bmie  eiwuc — need  not  be  seriously  regarded. 
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Arteries,  on  the  other  hand,  should  be  left  long,  for  the  double 
purpose  of  nutrition  of  the  stump  and  the  prevention  of  hemorrhage, 
their  elasticitj'  often  drawing  them  back  into  the  tissues,  where  the 
smaller  ones  may  escape  notice  and  give  trouble  later. 

The  necessity  of  drainage  in  the  wound  depends  upon  various  con- 
ditions. Following  injury,  if  the  tissues  are  bruised  or  lacerated  as  far 
up  as  the  field  of  operation,  or  when  absolute  asepsis  is  not  certain, 
the  wound  must  be  drained.  For  this  purpose,  especially  in  the  cases 
m  which  there  is  much  bruising  and  likely  to  be  outpouring  of  serum, 
a  drainage-tube,  preferably  of  rubber,  is  placed  in  the  most  dependent 
part  of  the  skin-wound  :  or  two  are  placed  in  opposite  corners  of  the 
wound,  if  these  are  equally  dependent.  In  cases  less  likely  to  be  fol- 
lowed by  much  serous  effusion,  a  small  wick  or  strand  of  gauze  may 
be  placed  in  the  wound,  and  one  or  two  provisional  sutures  placed 
where  the  skin  is  left  open.  These  may  be  tied  twenty-four  hours 
later,  when  the  wick  is  removed.  In  other  cases,  when  the  condi- 
tion of  the  patient  is  such  that  hasle  is  all-important,  the  whole 
wound  may  be  packed  with  gauze,  with  or  without  provisional  stitches 
in  the  flaps.  The  gauze  is  removed  as  indicated  when  the  wound  Is 
dry  and  the  patient  has  recovered  from  the  shock  of  the  operation. 
Tliis,  of  course,  is  not  intended  to  apply  to  amputations  following  acute 
infectious  processes,  where  the  wound  is  neccs.sarily  left  open  and  kept 
moist  with  antiseptics,  in  direct  opposition  to  the  drying  and  close 
suturing  of  flaps  which  favor  rapid  healing  in  aseptic  cases. 

Much  of  the  close  apposition  desired  is  gained  by  a  proper  dressing. 
The  stump  should  be  placed  on  a  straight  splint  which  extends  beyond 
the  end  of  the  stump,  and  must  not  be  too  broad,  since  that  will  cause 
the  stump  to  flatten,  and  the  pressure  cannot  be  evenly  distributed. 
The  dressing  should  be  not  too  voluminous,  larger  in  cases  with  drain- 
age than  in  those  without  il,  and  should  be  both  absorbent  and  elastic. 
These  qualities  are  combined  in  a  dressing  of  absorbent  gauze,  with  a 
layer  of  absorbent  cotton,  and  over  all  sheet  wadding  ;  the  whole,  of 
course,  sterilized.  Bandages  are  applied  with  even  pressure,  tight 
enough  to  obliterate  any  dead  space,  but  not  so  tight  as  to  impede  the 
circulation. 

Methods  of  Controlling  Hemorrhage. — Hemorrhage  is  a  very 
important  feature.  Secondary'  hemorrhage  has  been  a  most  frequent 
cause  of  fatal  results;  and  free  bleeding  of  small,  retracted  vessels 
results  in  clot-formation,  which  clot  may  break  down  and  separate, 
causing  healing  by  second  intention  even  under  careful  aseptic  precau- 
tions. Hemorrhage  is  controlled  at  the  time  of  operation  by  various 
methods.  The  main  arterj"  supplying  the  part  is  held  either  by  the 
hand  of  an  assistant  or  by  a  tourniquet.  This  may  be  one  of  several 
patterns.  It  was  originally  a  pad  placed  over  the  arterj-  under  a  few 
lums  of  a  bandage,  which  bandage  was  tightened  by  drawing  over  a 
short  stick  that  was  turned  till  pulsation  ceased  in  the  part  below. 
Such  a  tourniquet,  modified  and  improved,  is  represented  in  the  Petit 
tourniquet  now  in  common  use  'Fig.  85).  It  may  consist  of  a  steel 
■  band,  with  two  pads  where  the  artery  is  double,  as  at  the  wrist,  tight- 
ened by  a  screw  at  the  side;  or  the  ordinary  rubber  tubing  tourniquet 
may  be  applied  with  one  or  more  turns.     The  tissues  may  also  be  ren- 
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dered  more  or  less  bloodless  by  elevation  of  the  limb  or  by  the  appli- 
cation of  the  rubber  bandage  (Esmarch).  This  has  some  disadvan- 
tages in  that  it  may  drive  a  thrombus  or  septic  material  into  the  gen- 
eral circulation.  The  advantage  of  throwing  the  blood  of  the  part  into 
the  rest  of  the  vascular  system  is  questionable  except  in  cases  of  very 
low  blood-pressure;  and  there  is  danger  of  too  much  vasomotor  paral- 
ysis occurring  as  a  result  of  the  pressure  of  the  bandage,  so  that  when 

the  tourniquet  is  removed  tlie 
field  of  operation  itself  has  an 
engorged  and  sluggish  circu- 
lation. 

In  the  wound  itself  each  ves- 
sel, as  seen,  should  be  secured 
with  a  ligature  of  tlie  selected 
material,  titd  firmly  but  not  too 
tightly.  Ballance  and  Edmunds 
have  shown  conclusively  that  to 
occlude  an  artery  it  is  not  neces- 
sary to  rupture  any  of  the  coats, 
and  that  the  danger  of  secondary 
hemorrhage  is  even  less  where 
the  coats  are  left  intact  A  broad 
Hgature,  ensuring  apposition  of 
the  Intima  for  a  certain  distance, 
is  best — either  an  animal  tendon, 
chromic  catgut,  or  silk.  Ha\'ing 
secured  all  the  lai^er  vessels,  the 
wound  is  sponged  drj-  and  the 
tourniquet  loosened  gradually. 
As  the  smaller  vessels  reveal 
themselves,  thej'  in  turn  are 
picked  up  and  tied.  General 
oozing  is  treated  by  a  thorough 
flushing  with  a  hot  sahne  solu- 
tion or  with  \-er}'  dilute  anti- 
septics, after  which  the  wound  is 
sponged  dr\'  and  closed.  Fre- 
quently, in  the  minor  amputations,  \'ery  little  tjing  is  necessary-,  bleed- 
ing bang  entirely  controlled  by  a  few  minutes'  pressure  by  either  the 
sponge  or  the  pressure-forceps.  If  tied,  care  must  be  taken  that  the 
hgature  is  far  enough  from  the  end  of  the  vessel  not  to  slip  off,  and 
that  the  first  hitch  does  not  slip — that  is,  become  loosened.  The 
second  hitch,  taken  in  the  opposite  direction,  completes  the  "  reef  or 
square  knot,"  as  illustrated  in  Fig.  86.  Some  surgeons  prefer  to  make 
the  first  a  "  surgeon's  knot."  which  is  simpl}'  an  extra  turn  on  the 
thread.  This  docs  not  slip,  but  has  the  disadvantage  of  not  pulling  ap 
smoothly,  and  it  is  difficult  to  estimate  the  anwunt  of  force  required. 
If  a  second  hitch  is  made  ox-er  it.  the  knot  is  too  thick.  Without  the 
second  hitch  it  is  not  reliable.  Serious  and  even  fatal  hemorrhages 
ha\-e  followed  its  use.  The  last  precaution  is  Uken  with  the 
of  the  wound  and  the  application  of  pressure-dressing. 


Fh5.  85.— Pelils  lonmiquel. 


Fig.  %i>  — Square  knoi. 
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The  preparation  for  an  amputation  consists  in  the  aseptic  and  anti- 
septic precautions  described  in  the  preceding  chapter,  the  preparing  of 
a  spiint  and  dressing  as  given,  and  the  lay-out  of  the  instrununts  as 
given  below :  An  amputating-knife,  and,  if  desired,  a  smaller  blade  for 


Kic.  87- — Ampu  mil  on- knives  lor  otdinaty  use. 

dissection  of  the  skin-flap.  If  there  are  two  bones  in  the  amputation,  as 
in  the  forearm  and  leg,  then  the  catlin,  with  both  edges  shaqieiied,  is 

^necessarJ';  also  scissors,  toothed  dissecting-forceps  and  artery-- forceps, 
compression  or  hemostatic  forceps,  bone-cutting  forceps  for  trimming 
rough  edges,  if  neccssarj",  or  for  cutting  the  bone  itself;  but  too  large 
bones  or  edges  must  not  be  cut  with  these,  as  splintering  occurs.  Lion- 
jaw 


FlG.  BB. — CnTlin  amputating- knife. 


jawed  forceps  arc  of  use  in  holding  or  manipulating  the  bone,  espe- 
cially in  amputations  in  contiguity.  Retractors  of  various  patterns  may 
be  used,  or  spatula;;  but  generally  two  gauze  strips  crossed,  with  a 
third  between  the  bones  if  there  are  to  be  two,  afford  most  efficient 
retraction.  There  should  be  a  periosteum-elevator;  and  last,  the  saw, 
which  should  be  strong,  with  closely  set  teeth.     In  addition  to  these, 

I  there  must  be  needles  with  sutures,  and  ligatures  of  the  selected 
material ;  and  drainage-tubes,  if  these  are  to  be  used. 

Methods  of  Ampntating. — Operations  maj'  be  divided  into  two 
general  classes — the  si-i/i-/7ii/>  antl  the  muscli-ftap.  These  are  subdi- 
\ided  into  circular  and  oval  methods.  These  classes  are  not  generally 
recognized,  but  seem  to  be  clearly  distinguished,  as  the  circular  method, 

■  described  by  all  authors,  is  done  under  the  one  class  or  the  other  indc- 

■  pendently.  For  instance,  in  the  thigh  the  knife  sweeps  first  through 
the  skin  (which  is  retracted);  second,  through  the  superficial  muscles, 
these  in  turn  being  retracted;  three  or  four  sweeps  reach  the  bone, 
which  is  then  sawed  through,  and  is  found  to  be  the  apex  of  a  cone- 
shaped  wound,  the  sides  of  which,  when  closed,  approximate  the  cut 
surfaces  of  the  muscle  to  each  other,  while  the  fascia  and  skin  come 
together  over  all.  I'roperly  speaking,  this  is  a  muscle-flap  operation. 
Bui,  on  the  other  har>d,  in  the  forearm  the  circular  cut  is  made  through 
the  skin  alone,  which  is  then  dissected  back,  and  the  muscles  are  cut 
directly  through  to  the  bones,  which  are  sawed  high  in  the  wound. 
The  skin  is  closed  directly  over  the  cut  muscle-edges.     This  is  a  skin- 

•  Sap  operation. 
The    Circular    Method,— The   surgeon   should   stand    be-side   the 
patient,  so  that   his  left  hand  may  grasp  the  limb  to 


o  be   operated  I 
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Upon  on  the  proximal  side  of  the  line  of  amputation.  While  the  part 
to  be  amputated  is  held  by  an  assistant,  another  draws  the  skin-tissues 
firmly  upward.  The  incision  is  begun  at  the  top,  the  surgeon's  arm 
being  passed  under  and  to  the-  further  side  of  the  limb,  and  the  knife 
held  point  upward,  with  the  blade  toward  him,  A  single  slow  sweep 
of  the  knife  carries  the  incision  through  the  skin  and  subcutaneous 
tissues  to  the  muscle-fascia,  completely  around  the  part,  ending  at  the 
starting-point.  The  skin  is  then  dissected  back  a  short  distance,  and  a 
second  sweep  of  the  knife  in  the  same  manner  cuts  the  superficial 
muscles;  while  these  are  held  retracted  a  third  cut  completes  the  inci- 
sion to  the  bone.  With  a  periosteum-elevator  the  periosteum  is 
stripped  back  from  the  cut  which  the  last  sweep  of  the  knife  has  made, 
and  the  saw  is  applied  J-  to  J  inch  higher.  The  sawing  should  be  done 
slowly  at  first,  to  avoid  jumping  of  the  saw,  and  very  slowly  just  before 
the  bone  is  cut  through,  to  avoid  splintering.  The  left  arm  of  the  sur- 
geon will  naturally  be  held  in  a  line  parallel  with  the  working  of  the 
saw,  and  the  assistant  who  is  holding  the  part  should  al.so  have  his  arm 
parallel,  not  at  right  angles,  as  he  can  then  firmly  resist  the  thrust  of 
the  saw.  To  prevent  the  bone  binding  the  saw  in  the  cut,  the  bone 
should  also  be  held  somewhat  again.st  the  saw,  but  without  force,  or 
the  bone  will  be  broken  and  sphntered  before  the  saw  cuts  througli. 
If  there  are  two  bones  to  be  sawed  through,  the  saw  should  be  applied 
to  the  larger  first ;  and  when  a  groove  is  made,  the  smaller  bone  is  cut 
through,  the  saw  running  in  this  groove  as  a  guide.  Finally,  the 
larger  bone  is  cut  through.  Any  sharp  edges  are  trimmed  with  the 
cutting-forceps,  the  periosteum  drawn  forward  over  the  end  of  the  bone, 
and  the  wound  closed. 

The  Method  by  Circular  5kin-f1ap. — The  above  description  applies 
to  this  method,  save  that  the  skin  is  dissected  a  little  further  back,  and 
the  muscle-incision  is  carried  at  once  to  the  bone. 

The  Oval  Method. — Where,  for  any  reason,  it  is  desired  that  the 
scar  shall  not  be  terminal,  it  may  be  made  lateral  by  one  of  the  oval 
methods,  which  may  be  cither  of  muscle  or  of  skin-flap.  The  muscle- 
flap  operation  may  be  done  by  transfixion  or  from  the  outside.  Trans- 
fixion is  the  method  of  surgeons  of  earlier  days,  and  belongs  to  times 
when  brilliancy  and  speed  were  accounted  of  most  value.  There  is 
much,  however,  to  be  said  for  it,  as  with  a  thin  but  sufficiently  rigid 
knife,  I  or  2  inches  longer  than  the  diameter  of  the  limb,  a  beautifully 
clean  cut  can  be  made.  The  knife  is  thrust  directly  through  the  limb, 
at  the  level  where  the  bone  is  to  be  sawed,  and  passes  just  over  the 
bone  at  this  point,  and  out  at  the  other  side,  the  cutting-edge  facing 
toward  the  extrcmitj--.  It  is  then  brought  directly  out  through  all 
opposing  tissues  to  the  point  on  the  surface  where  the  lowest  part  of 
the  long  flap  is  designed  to  be.  This  flap  is  turned  back,  the  bone 
sawed,  and  the  muscles  and  skin  cut  straight  through  to  the  opposite 
side.  The  line  of  scar  will  then  be  on  the  side  opposite  the  long  flap. 
Variations  of  this  method  have  received  special  names,  as  the  long 
aiilcrior  flap  operation,  and  the  rectangular  flap  or  the  lateral  flap. 

To  accomplish  this  result  as  to  the  location  of  the  scar  in  the  class 
of  skin-flap  operations,  similar  incisions  are  made  through  the  skin 
alone.     In  the  oval  incision  the  scalpel  starts  on  one  side  and  passes 
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obliquely  downward  and  across,  is  transverse  on  the  opposite  side,  and 
comes  obliquely  upward  and  across  to  the  starting-point.  The  most 
frequent  variation  of  this  is  the  so-called  racket  metkod,  which  has  a 
straight  vertical  incision  at  the  start,  is  oblique  on  the  sides,  and  oppo- 
site to  the  beginning  of  the  incision.  It  is  much  used  in  amputations 
at  the  metacarpophalangeal  joints,  having  the  advantages  of  neatness 
and  bringing  the  scar  entirely  out  of  the  grasping  surface  of  the  hand. 
Another  modilicadon  of  this  is  to  cut  two  oval  flaps,  equal  or 
unequal  in  length,  the  advantage  of  which  is  the  avoidance  of  the 
corners  which  are  present  in  the  circular  flap  operation,  and  tJie  bring- 
ing together  of  the  skin  smoothly,  with  even  pressure,  over  the 
rounded  stump. 

Amputation  of  the  Fingers. — Because,  in  the  majoritj-  of  cases, 
amputation  of  a  finger  is  necessitated  by  trauma,  the  surgeon  often 
has  to  adapt  his  methods  to  the  case.  Wh^p  posaiUxAowever.  a 
long  flap  should  be  tak-"  f- —  •'  '  ■  that  the 
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obliquely  downward  and  across,  is  transverse  on  the  opposite  side,  and 
comes  obliquely  upward  and  across  to  tlie  starting-point.  The  most 
frequent  variation  of  this  is  the  so-called  racket  iiifthod,  which  has  a 
straight  vertical  incision  at  the  start,  is  oblique  on  the  sides,  and  oppo- 
sitt;  to  the  beginning  of  the  incision.  It  is  much  used  in  amputations 
at  the  metacarpophalangeal  joints,  ha\ing  the  advantages  of  neatness 
and  bringing  the  scar  entirely  out  of  the  grasping  surface  of  the  hand. 

Another  modification  of  this  is  to  cut  two  oval  flaps,  equal  or 
unequal  in  length,  the  advantage  of  which  is  the  avoidance  of  the 
comers  which  are  present  in  the  circular  fiap  operation,  and  the  bring- 
ing together  of  the  skin  smoothly,  with  even  pressure,  over  the 
rounded  stump. 

Amputation  of  the  Fingers. — Because,  in  the  majority  of  cases, 
amputation  of  a  finger  is  necessitated  by  trauma,  the  surgeon  often 
has  to  adapt  his  methods  to  the  case.  When  possible,  however,  a 
long  flap  should  be  taken  from  the  palmar  surface,  in  order  that  the 
most  sensitive  skin  shall  be  at  the  end  and  the  cicatrix  on  the  dorsal 
surface.  It  is  of  prime  importance  to  save  everj-  possible  part  of  the 
hand  or  finger  (except  in  malignant  disease),  as  no  apparatus  can  ever 
compensate,  and  the  most  unpromising  stumps  are  of  use.  In  ampu- 
tating through  a  joint,  the  finger  should  be  flexed,  the  joint  opened,  a 
long  palmar  fiap  made  by  keeping  the  knife  close  to  the  under, surface 
of  the  distal  bone,  and  the  flap  turned  over  to  meet  a  short  dorsal 
one,  thus  bringing  the  scar  on  the  back.  The  same  flaps  should  be 
made  when  amputating  through  a  phalanx.  The  vessels  are  on  either 
side  of  the  finger,  and  bleeding  may  be  controlled  by  pressure  or 
sutures. 

Amputation  through  the  Metacarpophalangeal  Articulations. — In 
the  removal  of  an  entire  finger,  an  incision  should  be  made  about 
)  inch  above  the  joint  on  the  dorsal  surface,  and  carried  around  the 
finger  to  a  point  J  inch  from  the  web  on  the  palmar  surface ;  and  a 
similar  incision  should  be  made  on  the  other  side  of  the  finger  to  meet 
it  The  soft  structures  are  then  divided,  the  finger  removed,  and  the 
flaps  trimmed  and  brought  together. 

The  incisions  should  be  modified  for  each  finger,  in  order  to  bring 
the  resulting  scar  as  far  from  the  palmar  surface  as  possible.  The 
thumb  may  be  treated  as  a  phalanx,  and  a  long  palmar  fiap  used;  or 
the  incision  known  as  MalgaigTie's  racket  maybe  made,  which  is  some- 
what of  a  Y  shape,  the  handle  being  on  the  dorsal  surface.  Several 
fingers  may  be  removed  at  once,  although  it  is  advised  to  remove  each 
separately  by  the  mo.st  suitable  incision  (Matas).  Hemorrhage  can  be 
controlled  in'  ligatures  or  pressure  (Fig,  89), 

Amputation  of  the  Metacarpal  Bones. — The  removal  of  a 
mctacaqial  bone  along  with  the  finger  is  an  operation  not  often  done. 
The  usual  way  is  to  remove  the  finger  with  part  of  the  metacarpal,  which 
is  a  much  simpler  procedure.  However,  it  is  sometimes  necessary  to 
remove  the  first  or  fifth  metacarpal  entire.  This  is  attended  with  less 
difficulty  and  danger,  as  their  synovial  sacs  do  not  communicate  with 
the  others,  and  thus  danger  of  infection  of  the  WTist-joint  does  not 
occur.  The  same  incision  is  used  as  for  amputation  at  the  metacarpo- 
phalangeal joint,  the  dorsal  incision  being  carried  far  enough  up  to 
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expose   the  bone  (Malgaigne's  racket)  (Fig.  90).     The  soft  parts  are 
carefully  separated,  and  the  bone  cut  with  forceps  or  disarticulated,  asJ 
the  case  may  be.     Great  care  must  be  taken  not  to  injure  the  palmar] 
arch,  which  crosses  on  the  palmar  side  of  the  bones  near  to  the  proxi- 
mal  ends.     In    removing  the   first   metacarpal,  the   operator   should 
remember  the   relation  of  the   radial  arterj',  which  passes  around  its 


FIG.  S9. — Doraal  view  at  hnnd.  Eiartio 
ulnlion  of  the  fingers  bv  racket  incjaions: 
#.  exarljculalion  of  the  ihamb  by  flap  m- 
cision ;  a  a.  csarticulalion  of  the  hand  by 
long  dorsal  flap. 


Fig.  90. — Hand,  view  from  donal  side  : 
a,  exarliculalion  of  The  index  finger  at  the 
carpomelELcarpLiI  joitil  with  racket  incisroa; 
j.  cxarttculalion  uf  the  third  and  fourth 
mutacBrpal  fjones  wiih  oval  incision  -  c.  ei- 
itrticulation  of  the  liflli  nieiacarpal  boni;  wiih 
flap  incision. 


ulnar  side.  The  fifth  metacarpal  is  more  accessible  from  a  lateral  inci- 
sion. 

Amputation  of  the  Wrist. — Circular  Method  (Fig.  91). — In 
this  method  the  surgeon  makes  a  circular  incision  about  the  wrist, 
beginning  on  the  radial  side.  The  incision  should  begin  about  \  inch 
below  the  styioid  process  of  the  ulna,  and  incline  somewhat  lower 
toward  the  radial  side,  as  the  styloid  process  of  the  radius  is  the  longer. 

The  skin  is  then  dissected  off  and  reflected  back  as  a  cuff,  both 
styloids  being  exposed.  The  hand  is  sharply  flexed,  and  the  soft 
parts  divided,  beginning  at  the  radial  side,  with  the  external  lateral 
ligament  and  extensor  tendons,  tLen  the  internal  lateral  ligament  and 
anterior  ligament,  finally  coming  through  the  joint  and  cutting  the 
flexor  tendons  la.st.  The  vessels  are  the  radial,  the  ulna,  and  the  ante- 
rior interosseous. 

Anteroposterior  Flaps. — Here  two  equal  flaps  are  made,  one  from 
each  surface.     For  the  dorsal  flap  a  curved  incision  from  one  styloid 
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to  the  other  is  made,  a  similar  one  being  cut  from  the  palmar  surface. 
Tl)e  flaps  are  turned  back  and  the  soft  parts  divided.  Amputation 
with  the  long  palmar  flap  needs  little  explanation.  It  is  a  modification 
of  the  other  method.  The  palmar  flap  extends  from  just  below  Uie 
styloids  to  the  middle  of  the  metacarpal  bones  in  a  U  shape  (Fig.  91,  ^), 
the  dorsal  incision  being  a  straight  cut  over  the  articulation,  joining 
the  two  ends  of  the  U. 

External  Lateral  Flap. — This  is  known  as  Dubrueil's'  operation, 
and  may  be  briefly  described  as  follows :  The  incision  is  begun  at  the 
back  of  the  wrist,  at  the  junction  of  the  outer  and  middle  thirds,  and 
J  inch  bciow  the  line  of  the  wrist-joint,  is  carried  downward  toward  the 
thumb,  and,  crossing  the  first  metacarpal  bone  at  its  middle,  returns  to 
a  point  on  the  palmar  surface  opposite  its  starting -place.     Dissecting 


Pic  91. — PalnuT  view  of  hand,  showing  clrculai  method  (aJ)):   long  polinac  flap  {,li\-.    Du- 
brueil's inci^on  Kai). 

the  flap  to  its  base,  making  it  as  thick  as  possible,  the  skin  and  soft 
parts  internal  to  the  flap  are  now  divided  by  a  circular  cut  on  a  level 
with  the  base  of  the  flap.  Disarticulation  is  thus  effected,  and  the 
flap  is  brought  transversely  across  and  sutured  (Fig.  <)\.ac). 

Amptitation  of  the  Forearm. — All  authorities  agree  that  the 
circular  method  is  the  best  for  amputation  of  the  lower  third,  and  the 
flap  method  for  the  other  two-thirds.  In  the  circular  method  "the 
skin-cut  is  made  at  a  distance  below  the  future  saw-line  equal  to  the 
anteroposterior  diameter  of  the  limb  at  that  line"  (Treves).  The  soft 
parts,  principally  tendons,  are  best  divided  by  transfixion  from  within 
outward.  In  .sawing  the  bones  it  is  best  to  saw  the  radius  first,  then 
ihc  tilna.  the  radius  being  the  movable  bone.     In  the  anteroposterior 

'  Koi  full  description  see  Chalol  t^Chirnrgii  Oftraleiri,  t8S6]. 
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flap  method  the  flaps  should  be  marked  in  the  skin  with  a  knife,  and 
after  retraction  has  taken  place  two  equal  muscle-flaps  from  the  ante- 
rior and  posterior  surfaces  should  be  cut  by  transfixion  (Fig.  92), 

Another  method,  which  is  suitable  for  use  in  any  part  of  the  arm, 
is  to  make  two  curved  skin-flaps  and  divide  the  other  soft  parts  by  aj 
circular  cut.     The  skin-flaps  may  be  of  equal  length,  or  the  posterior] 
one  somewhat  the  longer.     Teal e's  method  has  been  suggested  for  use] 
in  the  forearm,  but  the  flap  is  thin  and  poorly  nourished.     The  opera-] 


Fig.  93. — Ampulaliuii  ol  Ihe  rurearm  :  I.  Flap  raelhod.  posterior  view.    a.  Flap  method  (4  *) ; 

circular  method  (as). 

tion  is  not  to  be  recommended.  The  vessels  are  the  radial,  ulna, 
anterior  and  posterior  interossei. 

Ampatation  of  the  Elbow-joint. — There  are  several  methods 
described  for  this  operation  :  the  anterior  flap,  the  circular,  the  lateral 
flap,  and  the  elliptical. 

Anterior  Flap  Method. — With  the  arm  extended  and  the  hand  in 
supination,  an  anterior  skin-incision  is  made  beginning  at  a  point  an 
inch  below  the  joint  on  the  ulnar  side,  extending  in  a  long  curve  to 
about  3  J  inches  from  the  bend  of  the  elbow,  and  terminating  ij  inches 
below  the  external  condyle.  This  will  give  a  U-shaped  flap.  The 
ends  of  the  anterior  cut  are  joined  by  a  posterior  one.  Some  operators 
prefer  to  dp  this  by  making  a  short  posterior  flap.  After  the  skin  has 
been  retracted,  the  anterior  muscle-flap  is  cut  by  transfixion  and  lifted 
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Up,  and  any  deep  muscle-fibers  that  may  be  left  are  divided.  The 
joint  is  then  opened  by  dividing  the  anterior  ligament,  then  the  late- 
ral ligaments,  and  the  disarticulation  is  completed  by  cutting  the  pos- 
terior ligament  and  the  triceps  tendon  {Fig.  93,  c\    The  vessels  are  the 


FlU.  93  —J.  Ainpuiaiion  of  ilie  upptr  snn, 
flap  metiiod  :  b.  diurticulalion  of  the  elbow  ; 
I.  aaterior  flap  method. 


FiC,   94. — DiMniculation    of    the   elbow  : 
cqiial  Raps  {e) ;  long  externa]  Jlaps  \,d\^ 


brachial,  or  the  radial  and  ulna,  according  as  the  bifurcation  of  the 
brachial  is  high  or  tow. 

The  Lateral  Flap  Method. — This  operation  may  be  done  with  one 
long  external  fiap,  or  an  external  and  an  internal  flap.  The  external 
flap  should  be  made  by  transfixion,  the  knife  entering  close  to  the  head 
of  the  radius  and  emei^ing  at  the  back  of  the  joint,  on  a  level  with  it, 
near  the  olecranon.  The  knife  is  carried  downward,  cutting  a  flap  4 
inches  long.  The  ends  of  the  external  incision  are  now  joined  by  an 
internal  incision.  Disarticulation  is  effected  by  opening  the  joint  from 
the  radial  side. 

Amputation  of  the  Arm  (Fig.  93). — This  operation  may  be  per- 
formed by  any  of  the  recognized  methods  of  amputation,  the  circular 
being  better  adapted  to  the  lower  part  of  the  member.  The  ti.ssucs 
on  the  inner  side  of  the  arm  have  the  greater  power  of  retraction,  and 
thi.*  is  to  be  remembered  in  making  a  circular  cut  The  method  which 
is  recommended  by  Wyeth  and  others  can  be  used  on  any  portion  of 
the  arm.     It  consists  of  a  circular  skin-incision,  made  with  a  slant  to 
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the  inner  side,  and  a  short  incision  at  right  angles  to  it  on  the  outer 
side.  This  enables  one  to  make  a  good  cufT  The  muscles  are  divided 
by  a  circular  cut  to  the  bone,  parallel  to  the  circular  skin-cut. 

Ampntation  at  the  ShotUder-joint. — The  greatest  difficult)-  in 
amputation  at  tlic  shouUler-joint  lies  in  controlling  hemorrhage;  the 
Esmarch  tourniquet,  as  used  by  Wyeth.  or  a  preliminary  ligature  or 
digital  compression  of  the  axillary  artery  and  vein  being  required. 
Those  methods  of  amputation  which  afford  the  best  opportunity  for 
securing  the  vessels  have  met  with  the  most  approval,  and  in  general 
provide  for  the  completion  of  the  greater  part  of  the  operation  as  well 
as  for  ready  digital  compression  or  ligature  of  the  vessels  in  the  flap, 
before  tiieir  actual  division. 

The  Oval  Method  [I^rrey). — An  incision  is  made  from  just  below 
the  acromion  down  the  outer  aspect  of  the  arm,  through  the  deltoid 
muscle  to  the  bone.  This  inci.sion  is  prolonged  for  about  4  inches,  and, 
from  its  middle,  anterior  and  posterior  skin-incisions  arc  made,  which 
meet  on  the  internal  surface  of  the  arm  at  the  level  of  the  lower 
extremity  of  the  first  incision.  The  anterior  flap  is  dissected  up.  divid- 
ing the  pectoralis  major  at  its  insertion  and  exposing  the  axillary  artery. 
The  posterior  flap  is  dissected  close  to  the  humerus,  to  avoid  wound- 
ing the  posterior  circumflex  artery.  Upward  pressure  on  the  elbow 
now  puts  the  joint-capsule  on  the  stretch,  so  that  it  may  be  divided 
against  the  head  of  the  humerus,  and  rotation  inward  and  outward 
allows  division  of  the  muscles  in  front  and  behind.  Continued  upward 
pressure  and  abduction  of  the  humeral  head  permit  division  of  the  cap- 
sule and  the  muscular  attachments  below  the  joint.  While  an  assistant 
now  compresses  the  axillary  artery  in  the  anterior  part  of  the  wound, 

a  .single  cut  downward  divides  the  vessels 
and  joins  the  original  oval  skin -inci.sion. 
completing  the  disarticulation. 

The  Double  Flap  Method  (Fig.  95). — 
The  muscular  mass  of  the  deltoid  may  be 
used  as  a  flap,  and,  whether  cut  by  trans- 
fi.vion  (Lisfranc)or  dissected  from  without 
inward,  will  still  permit  the  compression 
of  the  axiUary  artery  in  the  wound  before 
its  final  division.  The  incision  will  reach 
from  the  tip  of  the  coracoid  process  in 
front,  downward  nearly  to  the  insertion 
of  the  deltoid,  and  upward  again  to  the 
base  of  the  acromion  behind.  After  this 
U-shaped  flap  is  dissected  up  from  the 
bone  the  joint  is  exposed  and  opened 
from  above,  the  rotators  divided,  and  the 
head  of  the  humerus  drawn  out  from  the 
glenoid  cavity  to  allow  space  enough  for 
the  fingers  of  the  assistant  to  compress 
the  vessel  on  the  axillary  side.  The  am- 
putation is  now  completed  by  a  down- 
ward cut  from  the  humerus  toward  the  chest-wall,  forming  a  short 
internal  flap. 


Fir,  9S.^Ampmation  31  Ihf 
shoulder-joiDi :  a  a.  large  external 
flap;  it.  by  racket  incision. 
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Spence's  Method. — This  differs  from  Larrey's  operation  only  in 
detail.  The  incision  Is  started  more  on  the  anterior  aspect  of  the  arm, 
near  the  coracoid  process,  and  extends  through  the  insertion  of  the 
pectoralis  major,  then  curves  backward  to  the  posterior  axillary  fold, 
across  the  axillary  aspect  of  the  arm,  and  upward  to  meet  the  other 
incision  over  the  pectoral  insertion.  Dissection  and  division  of  the 
muscles  inserted  into  the  tuberosities  are  more  readily  performi;d  by 
means  of  this  incision,  although  the  disarticulation  and  control  of  the 
artery  are  the  same  as  in  I-arrey's  operation.  Spencc's  method  is, 
furthermore,  applicable  [jarticularly  to  cases  in  which  a  preliminary 
incision  and  examination  of  the  joint-structures  are  desired  before 
amputation  is  decided  upon. 

Wyeth's  Method. — The  safest  and  best  way  to  control  hemorrhage 
at  the  shoulder  is  to  employ  VVycth's  transfixion-pins  in  the  same 
manner  that  they  are  used  at  the  hip-joint  (see  Hip-joint  Amputation. 
P-  357)-  One  pin  is  introduced  anteriorly  into  the  clavicular  portion 
of  the  pectoral,  and  brought  out  just  above  its  axillary  border;  the 
other  one  is  thrust  through  the  deltoid  behind  the  joint,  the  point 
being  brought  out  about  3  inches  below  its  entrance.  The  tourniquet 
is  then  wound  tightly  above  them.  The  amputation  may  now  be  done 
without  fear  of  the  tourniquet  slipping. 

Amputation  of  the  Arm,  Scaptila,  and  Part  of  the  Clavicle 
(Berger). — The  removal  of  the  whole  upper  extremity  requires  a  pre- 


FlG.  96. — InlEncapuIothoracIc  smpulaigim 


limbuuy  ligature  of  the  subclavian  vessels.  This  is  best  done  by  the 
method  of  Herger.  An  incision  is  begun  at  the  outer  edge  of  the 
stcmomastoid,  and  continued  along  the  clavicle  to  its  acromial  end. 
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The  periosteum  is  then  divided,  and  the  middle  third  of  the  clavicle 
excised  by  means  of  a  chain-saw,  leaving  a  space  through  which  the 
subclavian  artery  and  vein  can  be  double-tied  and  cut.  From  the 
middle  of  the  anterior  hp  of  the  clavicular  incision  the  knife  is  passed, 
in  an  outward  sweep,  over  the  deltoid  muscle  to  the  outer  end  of  the 
anterior  axillary  fold,  across  the  inner  aspect  of  the  arm,  and  inward 
and  downward  on  the  trunk  to  the  angle  of  the  scapula.  From  this 
point  an  incision  passes  upward  over  the  spine  of  the  scapula  to  join 
the  first  clavicular  inci.sion  at  its  outer  end.  These  incisions  at  first 
involve  only  the  skin;  but  the  anterior  one  is  now  deepened,  and  its 
edge  raised  and  dissected  back,  as  a  flap,  to  take  in  the  muscular  origins 
of  the  pectoralis  major  and  minor,  which  are  divided  near  their  inser- 
tion. The  nerve-trunks  of  the  brachial  plexus  are  now  cut  at  the  level 
of  the  division  of  the  artery  and  vein,  and  the  anterior  attachments  of 
the  extremity  are  free.  The  latissimus  dorsi  is  now  divided  by  deepen- 
ing the  posterior  incision,  and  upon  reflecting  this  posterior  flap  toward 
the  spine  the  trapezius  is  exposed  and  divided  close  to  the  scapula  and 
clavicle.  The  muscles  now  lioldiufj  the  scapula  to  the  trunk — the 
omohyoid,  levator,  serratus,  and  rhomboids — are  divided  from  above 

downward,  and  the  extremity  is  removed. 
The  flaps  come  together  from  before  back- 
ward and  downward,  and  form  a  linear  scar. 
Amputation  of  the  Toes. — A  knowl- 
edge of  the  important  structures  in  the  ante- 
rior part  of  the  foot  is  of  the  greatest  im- 
portance in  amputation  in  this  region.  The 
heads  of  the  metatarsal  bones,  particularly 
the  first  and  fifth,  and  the  base  of  the  first 
phalanx  of  the  great  toe,  are  to  be  preserved 
if  possible ;  whereas  the  terminal  phalanges 
of  the  other  toes  may  -best  be  removed  in 
their  entirety  by  disarticulation  at  the  meta- 
tarsophalangeal joint.  Amputation  of  the 
great  toe  through  the  first  phalanx  may  be 
performed  by  an  oval  or  racket  incision,  com- 
mencing above  the  web,  or  by  a  single 
plantar  flap.  Disarticulation  at  the  nieta- 
t  arsop  halangeal 
joint  of  the  lesser 
toes  is  best  per- 
formed by  a  racket- 
inci.sion  which  just 
clears  the  web  of 
the  toes  on  its  plan- 
tar surface.  Much 
care  must  be  taken 
to  avoid  a  scar  on  the  plantar  surface,  and,  in 
the  case  of  the  great  toe,  to  provide  sufficient 
soft  parts  to  cover  in  the  bone  (Fig,  97), 

Disarticulation  of   the  Great  Toe  at  the    Metatarsophalangeal 
Joint. — Where  injury  or  disease  of  the  sofl:  parts  permits,  this  operation 


K[G,  gy. — it  a.  KxcirliculAhoa  ai 
the  greal  loe  wilh  dorsal  and 
plantar  flays ;  b.  exaciiculaiion  of 
(he  second  ine  wilh  racket  m- 
cisi'm  ;  f.  exarliculalion  of  xhc 
fourth  tfic  with  rackel  mcistun  ;  J, 
eicarticulatron  uf  the  small  toe 
with  formation  of  un  guTer  flap. 


Frc  gS.^Exarticulalion  of 
(he  gieiii  loe  with  formalion  of 
all  inner  flap. 
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may  be  performed  by  means  of  a  large  internal  flap.  The  incision 
begins  at  the  level  of  the  joint,  and  passes  down  on  the  inner  side  of 
the  dorsum  of  the  toe  to  the  end  of  the  first  phalanx  ;  from  there  it 
turns  inward  around  the  toe  to  the  plantar  surface,  upward  as  far  as 
the  web,  and  back  to  the  first  incision  at  its  beginning.  This  incision 
is  carried  down  to  the  bone,  and  the  flap  thus  formed  is  dissected  back  ; 
the  joint  is  opened  from  above,  and  its  ligaments  divided  on  each  side 
and  behind.  The  sesamoid  bones  are  to  be  left  in  the  stump,  and  the 
open  tendon -sheaths  closed  by  suture;  the  plantar  digital  vessels  will 
require  ligature.  An  oval  or  racket  incision  is  also  used  for  this 
operation,  but  does  not  provide  so  satisfactory  a  covering  for  the  head 
of  the  bone. 

Amputation  of  Two  Adjoining  Toes. — The  racket-incision  is  sus- 
ceptible of  application  in  the  removal  of  two  or  even  three  adjoining 
toes  ;  but  its  beginning  must  be  carried  further  on  the  dorsum,  accord- 
ing to  the  amount  of  space  needed  for  disarticulation.  In  the  case  of 
two  toes  the  incision  will  begin  in  the  space  between  the  two  metatarsal 
bones.  The  operation  is  otherwise  exactly  similar  to  amputation  of  a 
single  toe. 

Amputation  of  the  Metatarsal  Bones. — The  bases  of  the 
metatarsal  bones,  which  receive  parts  of  the  insertion  of  the  tibial 
muscles  and  the  pcroneus  longus,  arc  of  great  importance  to  the  integ- 
rity of  the  foot,  and  amputation  is  much  to  be  preferred  to  exarticula- 
tion  of  the  entire  bone.  An  elongated  oval  or  racket  incision  may  be 
used,  commencing  where  the  bone  is  to  be  divided,  and  extending 
down  on  the  dorsum,  around  in  the  digitoplantar  fold,  and  back  to  its 
point  of  origin.  The  knife  mu.st  follow  the  bone  closely,  to  avoid 
injury  to  the  digital  arteries,  and  a  saw  is  to  be  preferred  to  cutting- 
forceps  in  dividing  the  bone.  Amputation  of  the  first  and  fifth  meta- 
tarsals may  aI.«o  be  done  by  means  of  a  large  internal  or  external  flap. 

Disarticulation  of  all  the  Metatarsal  Bones  (Lisfratir). — Amputa- 
tion of  the  foot  at  the  tarsometatarsal  joint  was  described  by  Lisfranc, 
who  followed  the  anatomical  line  of  separation  of  the  bone.s;  and  by 
Hey,  who  disarticulated  the  outer  three  or  four  metatarsals,  and  sepa- 
nled  tlie  remaining  structures  with  a  saw.  Either  operation  may  be 
chosen,  according  to  the  amount  of  time  at  the  di.sposal  of  the  opera- 
tor and  the  exigencies  of  the  individual  case.  The  large  plantar  flap 
is  to  be  marked  out  first  by  an  incision  from  over  the  prominent  base 
of  the  fifth  metatarsal,  in  a  broad  sweep  across  the  sole  at  the  heads 
of  the  metatarsals,  and  back  to  a  point  over  the  base  of  the  first  meta- 
tarsal, about  1  inch  in  front  of  the  prominent  tuberosity  of  the  scaphoid 

C-'ifi  99) 

The  dorsal  incision,  joining  the  two  ends  of  the  plantar  flap,  is  cut 
Lwith  a  gentle  curve  about  J  inch  anterior  to  the  articulation.  The 
rflaps  each  contain  all  the  soft  parts  above  the  bone.  After  dissection,  the 
Joint.t  are  opened  from  above,  beginning  at  the  outer  side,  and  the  fifth, 
fourth,  third,  and  first  metatarsals  are  readily  freed  from  their  attach- 
ments. The  second  metatarsal  is  mortised  between  the  tarsal  bones, 
^and  requires  an  incision  in  the  direction  of  the  ankle  to  secure  its  liber- 
inn.  Here  Hfy's  modification  may  be  adopted,  and  the  saw  used  to  com- 
plete the  division  of  the  bones,  cither  by  sawing  across  the  base  of  the 
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second  metatarsal  and  leaving  it  in  position,  or  by  dividing  the  internal 
cuntiform  and  taking  part  of  it  away..  The  original  method  of  Li.sfranc 
provided  for  the  formation  of  the  plantar  flap  by  cutting  from  within 
outward  after  separation  of  the  joint ;  but  a  better  flap  will  be  obtained 
by  preliminary  lissection.  The  stump  left  after  this  amputation  is  a 
fairly  serviceable  one,  althoiif;h  a  tenotomy  of  the  tendo  Achillis  may 


FiC.  99. — Lisfranc's  or  He;r's  ampulalion  of  the  foot 

be  necessary  to  prevent  contractures  due  to  the  weakened  resistance  to 
the  pull  of  the  great  muscles  of  the  calf. 

Chopart's  Amputation  (Amputaiioii  through  the  Mcdiotarsal  Joint). 
— An  incision  is  made  on  the  plantar  surface  of  the  foot  from  just 
behind  the  tuberosity  of  the  scaphoid  on  the  inner  side,  down  and 
across  the  sole  at  tliL'  middle  of  tlio  metatarsal  bones,  and  back  to  a 


I 


Fig.  100. — Choparl's  amputation  of  the  Ibol,  inlcrn.il  view. 

point  about  i  inch  posterior  to  the  base  of  the  fifth  metatarsal  on  the 
outer  side.  The  two  ends  of  this  incision  are  then  united  by  a  curved 
incision  across  the  dorsum  of  the  foot,  reaching  at  its  lowest  point  to 
the  level  of  the  bases  of  the  metatarsal  bones  (Figs,  100  and  loi). 
These  two  flaps  are  dissected  up,  with  all  the  muscles  and  tendons,  as 
far  as  the  mediotarsa!  joint.  The  astragaloscaphoid  and  calcaneo- 
cuboid joints  are  now  opened  on  their  dorsal  aspect,  while  the  foot  is 
held  in  strong  plantar  flexion,  and  the  strong  calcaneo scaphoid  liga- 
ment is  divided  by  cutting  outward  and  forward  from  the  astragalo- 
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scaphoid  articulation.  The  classical  operation  demands  the  removal 
of  the  scaphoid;  but  a  serviceable  stump  will  be  found  practicable  in 
many  cases  by  carrying  the  incision  between  the  scaphoid  and  cuneiforms, 
and  thus  saving  part  of  the  tibialis  posticus  attachment.  The  divided 
anterior  tendons  can  be  sutured  to  the  dorsal  fascix,  and  will  exert 
some  slight  action  in  opposing  the  pull  of  the  soleusand  gastrocnemius  j 
but  a  contraction  is  more  than  likely  to  occur  with  elevation  of  the 
heel,  and  tenotomy  of  the  Achilles  tendon  is  frequently  required.  The 
dorsalis  pedis  artery  anteriorly,  and  the  two  plantar  arteries  in  the  sole, 
will  require  ligature.     The  end-result  of  this  amputation  is,  as  a  rule, 


Fig.  mi. — Clioparl's  ampuiaiion  of  the  fool,  eilemnl  view. 

a  satisfactory  one,  and  with  suitable  apparatus  no  disability  is  to  be 
expected  (Figs.  lOO  and  loi). 

Syme's  Amputation  {Tibiotarsal\ — This  operation  for  removal  of 
the  foot  at  the  ankle-joint  is  partly  superseded  at  present  by  more  con- 


^.  loj, — Symc's  amputation  of  the  fool,  cilcmill  vitw. 


scrvativc  operations,  such  as  PirogofT's :  but  where  for  any  reason  the 
operations  described  below  are  impossible,  that  of  Symc  will  be  found 
to  give  a  serviceable  stump.  An  inci.sion  is  begun  at  the  tip  of  the 
external  malleolus  on  its  posterior  a.spect,  and  carried  perpendicularly 
I  around  the  foot  under  the  heel  to  a  point  just  below  the  internal  mal- 
Itcolus.  This  incision  is  carried  down  to  the  bone,  and  its  ends  united 
a  transverse  incision  across  the  front  of  the  ankle-joint  (Figs.  102 
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and  103).  The  capsule  of  the  joint  is  opened,  and  its  lateral  ligaments 
then  divided  from  within  outward  on  each  side.  The  heel-flap  is  now 
dissected  free  from  the  os  calcis,  the  knife  being  directed  close  to  the 
bone  to  avoid  injury  to  the  smaller  vessels  which  supply  the  flap.  The 
soft  parts  are  now  retracted,  to  allow  the  sawing  off  of  the  lower  ex- 
tremity of  the  tibia  and  the  two  malleoli.  There  is  great  danger  of 
injury  to  the  calcaneal  branches  in  dissecting  the  os  calcis;  and  the 
difficulties  of  this  part  of  the  operation  will  be  much  increased  by  a 
too  generous  allowance  in  carrying  the  preliminary  incision  forward  of 
the  perpendicular  in  the  first  place.  The  large  pocket  left  in  the  heel- 
flap  by  removal  of  the  os  calcis  is  best  drained  by  a  special  incision  at 
its  lowest  part,  and  the  insertion  of  a  gauze  wick  or  rubber  drainage- 
tube.  The  anterior  tibial  and  external  and  internal  plantar  are  the 
important  arteries.  The  chief  objections  to  this  operation  are  the 
difficulty  in  dissecting  the  closely  adherent  skin  from  the  os  calcis,  the 
poor  nourishment  of  the  flap,  and  the  unfavorable  conditions  for  pri- 


fl 

m 

Fig.  103. — Syme's  ampulalion  of  (he  foot.  tnUmal  view. 

mary  union  afforded  by  the  dead  space  in  the  hollow  heel-cap  (Figs. 
102,  103). 

Amputation  by  Single  Internal  Flap  (^dHj:).— This  incision  fur  disarticulatJoD 
of  the  foot  at  Ihf  ankl^-joinl  i^  app]it:able  in  cases  of  injury  to  [he  tissues  of  the  bcel  so 
severe  as  lo  prevent  ihejr  uliliiation  for  a  Synie  lit  a  Pirogoff  amputation.  The  incision 
begins  at  ihe  tip  of  (he  eilemal  malleolus,  crosses  the  dorsum  with  a  gentle  cune  to  a  point 
over  the  scaphoid  tuberosity,  and  reni^hes  the  middle  line  of  the  sole  of  the  fcKil  under  the 
line  of  the  internal  mnllcolui.  From  ihiri  pijint  it  passes  over  the  lip  of  the  heel  lo  the 
outer  side  of  the  Achilles  tendun  and  back  lo  its  starting-point.  The  disarticulation  follows 
HS  in  Syme's  operation,  and  the  soft  pariri  may  be  tut  Inim  within  outward,  freeing  (he  os 
calcis  and  forming  the  flap.  The  articular  surfaces  of  the  tibia  and  fibula  are  then  sawed 
through  and  remiiveii,  together  with  the  malleoli. 

Pirogoff's  Amputation, — This  operation  is  much  to  be  preferred  to 

Syme's  when  neither  injury  nor  disease  of  the  os  calcis  is  present,  being 
much  simpler  in  execution,  les.s  liable  to  the  pocketing  of  secretions, 
and  giving  a  longer  stump  with  a  better  bearing  surface.  Many  modi- 
fications of  the  original  Pirogofl" amputation  have  been  suggested,  and 
some  variation  mu.'it  be  allowed  for  individual  cases.  The  incisions  for 
the  Pirogoff  amputation  are  as  follows;  From  the  point  of  the  internal 
malleolus  downward  and  across  the  sole  to  a  point  in  front  of  the  tip 
of  the  externa!  malleolus,  the  incision  being  at  right  angles  to  the  long 
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axis  of  the  foot.  Another  incision  joins  the  two  ends  of  the  first  one 
across  the  front  of  the  ankle  just  below  the  joint.  After  preliminary 
retraction  of  the  skin,  these  incisions  arc  carried  through  the  soft  parts 
of  the  bone.     The  joint  is  now  opened  anteriorly,  the  strong  lateral 


FlC.  iO4.^Hr0i;oll  s  Hinpuialion  of  Ihe  foot,  exlemal  »icw, 

ligaments  divided  as  in  Syme's  amputation,  and  the  posterior  ligament 
cut  through.  The  foot  is  now  carried  into  strong  plantar  flexion,  and 
the  saw  placed  upon  the  upper  surface  of  the  os  calcis,  behind  the 
astragalus.  The  saw-cut  follows  the  line  of  the  first  incision,  removing 
all  of  the  foot  but  the  posterior  part  of  the  os  calcis  embedded  in  the 
tissues  of  the  heel      Th^.'  mallenli  and  the  articular  surface  of  the  tibia 


Fm.  105, — I'ltngoff  s  ampuLiiion  of  the  fool,  inicma!  view. 

arc  now  sawed  off,  and  the  two  sawed  surfaces  of  tibia  and  os  calcis 
brought  together  and  held  with  sutures  (Fig.   !o6). 

The  modifications  in  the  line  of  the  saw-cuts  have  been  made  with 
the  view  to  bringing  the  bearing  surface  of  the  stump  more  on  the 
thick  sole  and  less  on  the  thin  surface  at  the  back  of  the  heel.  To  this 
end.  the  first  incision  may  be  carried  as  far  forward  as  the  calcaneo- 
cuboid articulation,  and  the  saw-cut  made  to  come  out  just  posterior  to 
the  articulating  surface.  More  may  also  be  taken  from  the  front  than 
from  the  back  of  the  tibia,  with  the  same  result,  causing  less  rotation  of 
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the  heel-flap  (Sedillot).  The  os  calcis  may  also  be  sawed  in  a  horizontal 
direction,  and  disarticulated  in  front  from  the  cuboid  to  complete  its 
removal  (Le  Fort).     Tenotomy  of  the  Achilles  tendon  is  practically 


FlO.  io6. — tJnes  of  bune-culs  in  PlrogofT's  atnpulalion  of  the  fool. 

always  necessary  in  Pirogoff's  amputation,  and  may  be  performed  as  a 
preliminary  step, 

Amimtation  of  the  Leg. — Lower  Third. — Circular  and  Modified 
Circular  Methods. — The  place  at  which  the  bones  are  to  be  divided  is 
determined,  and  at  a  point  at  a  distance  below  this  equal  to  two-thirds 
of  the  diameter  of  the  leg  a  circular  incision  is  carried  around  the  leg, 
dividing  the  skin  and  subcutaneous  tissue.  This  circular  flap  is  dis- 
sected up  and  rolled  back  upon  itself  to  the  desired  height,  and  another 
circular  incision  cairied  through  all  the  soft  parts  to  the  bone.  The 
callin  is  now  used  to  divide  the  interosseous  membrane  and  the  remain- 
ing mu.scular  attachments,  and  the  bones  arc  .sawed.  A  modification 
of  this  amputation  consists  in  the  addition  of  a  longitudinal  incision 
upward  on  the  anterior  surface  of  tlie  flap,  to  facilitate  dissection  (Fig. 
107,  a  i). 

Amputation  by  a  I-ong  Anterior  Flap. — The  incision  begins  on  the 
level  at  which  the  bones  are  to  be  divided,  at  the  internal  surface  of  the 
tibia,  and  passes  downward  in  a  curve  acro.ss  the  anterior  surface  and 
upward  to  a  point  in  front  of  the  fibula,  cutting  a  flap  equal  in  length  to 
the  diameter  of  the  leg.  This  flap  includes  all  the  muscles  to  the 
bone.  The  posterior  incision  is  made,  connecting  the  ends  of  the  ante- 
rior one,  and  passes  directly  inward  to  the  bone.  The  bones  are  now 
sawed  at  the  highest  point,  and  the  flap  sutured  over  the  ends,  giving 
a  scar  on  the  posterior  surface.  In  .sawing  the  bones,  the  saw-cut  must 
begin  in  the  tibia,  but  be  made  to  engage  trie  fibula  as  soon  as  a  groove 
is  cut.  A  double  cut  is  also  recommended,  dividing  the  fibula  slightly 
above  the  tibia ;  and  much  care  must  be  exercised  that  the  prominent 
anterior  edge  of  the  tibia  be  smoothed  off,  to  prevent  injury  to  the  flap 
and  an  uneven  bearing  surface  (Fig.  log,  a). 
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in  a  curve  in 
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Cuyon's  Amputalhn  {Elliptical  Posterior  Flap)  (Fig.  109,  b). — This 
operation  resembles  Synie's  amputation,  and  is,  in  fact,  a  supramal- 
leolar amputation  of  tho  ankle.  The  incision  begins  1  inch  above  the 
front  of  the  articular  surface  of  the  tibia,  and  extends 
front  of  the  malleolus,  on  each  side,  to  just  below 
the  point  of  insertion  of  the  Achilles  tendon,  mak- 
ing a  large  ellipse.  The  flap  is  dissected  up,  con- 
taining the  tendo  AchilHs  and  all  the  soft  parts  to 
the  bone,  great  care  being  taken  of  all  the  vessels 
back  of  the  ankle-joint.  The  malleoli  and  artic- 
ular surface  are  then  sawed  off,  as  in  Syme's  opera- 
tion, but  about  i  J  to  2  inches  above  the  joint.  The 
anterior  and  posterior  tibial  and  peroneal  arteries 
will  require  ligature,  and  the  stump  can  be  closed, 
bringing  the  scar  anteriorly,  and  forming  a  good 
bearing  surface  out  of  the  heel-flap  under  the  ends 
of  the  bones. 

Middle  Third  of  tite  Leg. — Loitf^  Anterior  Flap. 
— At  a  point  1  inch  below  the  level  at  which  the 
bones  are  to  be  divided  an  anterior  flap  is  cut,  equal 
in  breadth  and  length  to  the  diameter  of  the  limb. 
The  two  ends  of  this  incision  are  then  joined  by  a 
short  posterior  flap  cut  by  transfixion  behind  the 
bone  (Fig.   109,  a). 

Long  Posterior  Flap  {Hey-Lci). — The  difficulty 
in  this  amputation  is  in  reducing  the  mass  of  calf- 
muscles  suflficiently  to  avoid  an  unwieldy  flap.  The 
incisions  are  just  the  reverse  of  tho.se  for  an  ante- 
rior flap,  but  the  deep  muscles  of  the  calf  are  re- 
moved by  dividing  them  circularly  at  the  level  of 
the  saw-cut.  The  bones  are  sawed  in  the  same 
manner  as  in  the  lower  third  of  the  leg.  with  ob- 
lique division  of  the  cre.st  of  the  tibia.  The  scar 
should  lie  anteriorly,  but  may  be  drawn  to  the  end 
of  the  stump  by  the  contraction  of  the  muscles  of 
the  cair. 

Circular  Amputation  with  Skin-flaps  (Fig.  ro7, 
bb\ — The  modification  of  the  circular  method  which  is  best  suited  to 
amputation  in  the  middle  of  the  leg  is  that  by  two  equal  lateral  skin- 
flaps.  These  flaps  are  each  equal  in  length  to  one-half  the  diameter  of 
the  leg,  and  are  marked  out,  beginning  at  a  level  i  inch  lower  than  that 
at  which  the  bones  are  to  be  divided.  The  knife  is  carried  through  the 
sidn  and  subcutaneous  tissues  to  the  fascia,  and  the  flaps  thus  formed 
are  dissected  upward  to  their  point  of  union.  The  whole  flap  is  then  dis- 
sected back  to  above  the  level  of  the  saw-cut.  The  muscles  and  soft 
parts  are  now  divided  as  high  up  as  possible  by  circular  sweeps  of  the 
knife  down  to  the  bone.  The  interosseous  ligament  is  perforated,  and 
the  remaining  shreds  of  muscle  severed  with  the  catlin.  A  periosteal 
elevator  is  used  to  push  back  the  periosteum  on  the  tibia  and  fibula 
and  lay  the  bone  bare  for  the  saw.  In  sawing  the  bones  in  this  situa- 
tion the  suggestion  given  above  in  regard  to  removing  the  prominent 
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crest  of  the  tibia  is  not  to  be  neglected,  and  a  smootli  surface  free  from 
splinters  and  projecting  fragments  must  be  obtained.  Three  arteries 
will  require  ligature — the  anterior  and  posterior  tibial  and  peroneal — 


Fli:.  !u8. — Anipiilnlion  <>\  Ilit-  lunti  k-^  .  j, 
modified  circular ;  *,  modified  flap  operalion. 


\  \^.r  k^. — AiJipuUiUoit  of  Ihe  lower  leg:  a, 
long  anicrior  Rap:  b,  supramalTeolar ;  c,  S£' 
diilot's  incision. 


and  the  flaps  may  then  be  united  from  before  backward  to  form  a  scar 
at  the  outer  side  of  the  tibia. 

Upper  Third  of  the  Leg. — Amputation  at  the  place  of  election  was 
practised  extensively  before  the  modern  artificial  leg  had  been  devel- 
oped, because  a  short  stump  was  less  in  the  way  than  a  long  one, 
when  the  knee  was  bent  to  fit  the  peg  leg  then  in  use.  Amputations 
at  this  point  are  still  performed,  however,  when  injury  or  disease  for- 
bids a  more  conservative  operation,  and  the  circular  method  or  one  of 
the  following  flap-operations  may  be  adopted  (Fig.  107,  aa). 

Modified  Flap  Operation  of  Bell. — Two  equal  flaps  are  marked  out 
upon  the  skin,  each  being,  after  retraction,  about  equal  in  length  to 
one-half  the  diameter  of  the  leg,  their  bases  being  at  the  level  of 
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the  intended  division  of  the  bone,  the  incision  starting  in  front  at  the 
inner  border  of  the  tibia,  and  behind  at  a  point  diametrically  opposite. 
These  flaps  include  the  skin  and  subcutaneous  tissue,  and  are  dissected 
back  beyond  their  point  of  union.  The  muscles  are  divided  in  the 
manner  of  the  circular  operation,  the  knife  being  carried  a  little  higher 
in  front  than  behind.  The  bones  are  then  sawed  through,  and  the 
vessels  tied  in  the  usual  manner. 

Large  External  Flap  (Fig.  109,  c). — This  amputation  may  be  per- 
formed by  transfixion  (Sedillot),  or  the  flap  may  be  dissected  from 
without  inward  ( KarabooHf).  The  flap  begins  at  the  level  at  which  the 
bones  are  to  be  divided.  The  knife  enters  over  the  anterior  suriace  of 
the  tibia,  marks  out  a  long  U-shaped  flap,  upon  the  external  suriace, 
equal  in  length  to  the  diameter  of  the  leg,  and  ends  at  a  point  opposite 
to  its  point  of  entrance.  This  flap  is  dissected  up,  and  contains  all  of 
the  soft  parts  above  the  bone.  The  short  posterior  flap  may  be  cut  either 
by  transfixion  or  dissected  from  without  inward,  and  the  two  flaps  re- 
tracted to  allow  division  of  the  interosseous  membrane  and  the  applica- 
tion of  the  saw.  The  fibula  may  be  sawed  a  httle  higher  than  the  tibia 
in  all  of  the  amputations  in  this  region,  in  order  to  provide  a  more 
evenly  shaped  stump,  and  the  crest  of  the  tibia  is  to  be  removed  as  a 
matter  of  routine.  After  lig.iture  of  the  three  main  vessels  the  external 
flap  is  brought  over  the  end  of  the  bone  and  united  to  the  shorter 
internal  flap,  giving  the  scar  to  the  inner  side  of  the  stump.  This  is 
considered  by  many  surgeons  to  be  the  best  method  for  amputation  in 
this  region. 

Amputation  In  the  Lower  Third. — This  is  attended  by  much  less 
shock  than  are  amputations  above  this  point,  and  is  much  to  be  pre- 
ferred when  the  nature  of  the  injury-  or  disease  does  not  forbid.  The 
selection  of  a  method  in  all  amputations  of  the  leg  must  depend  upon 
the  personal  choice  and  practice  of  the  surgeon  and  the  demands  of 
the  individual  case.  As  a  general  rule,  the  circular  method,  or  one 
of  its  modifications,  will  be  found  most  universally  applicable,  and  the 
operation  by  far  the  most  easy  of  execution. 

Amputation  at  the  Knee. — Disarticulation, — Long  Anterior 
Flap  (Fig.  1 10.  a). — An  incision  is  begun  at  the  posterior  and  inferior 
margin  of  the  femoral  condyle,  and  is  carried  downward,  across  the- 
front  of  the  tibia,  5  inches  below  the  patella,  and  back  to  the  cor- 
responding point  on  the  other  side.  This  flap  includes  skin  and  sub- 
cutaneous tissue  up  to  the  ligamentum  patella,  which  is  then  divided 
and  left  in  the  flap.  The  Joint  is  opened,  its  ligaments  divided,  and  the 
amputation  completed  by  an  incision  from  within  outward  to  the  pos- 
terior surface  of  the  limb  (Fig.  1 10). 

Lateral  Flaps  {Suphen  Swilfi). — Two  equal  lateral  skin-flaps  are 
cut.  their  ba.ses  extending  posteriorly  to  the  middle  line  of  the  joint, 
and  anteriorly  to  i  inch  below  the  tubercle  of  the  tibia.  Each  of  these 
flaps  b  dissected  up,  and  the  joint  is  opened  and  its  ligaments  divided 
from  in  front.  The  posterior  Hgaments  and  muscles  are  then  cut 
through  and  the  disarticulation  is  complete.  The  patella  and  the 
semilunar  cartilages  should  remain  in  the  stump.  This  method  gives 
an  excellent  bearing  surface  for  the  stump,  the  scar  retracting  between 
the  condyles  of  the  femur. 
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Amputation  Throuj^h  the  Condyles. — Oval  Method. —^\\\^  incision 
is  practicable  either  lor  disarticulation  (Baudens)  or  for  amputation 
through  the  condyles.  An  oval  cut  is  made  around  the  leg,  3  inches 
below  the  patella  in  front,  and  on  a  level  with  its  lower  border  behind. 
The  skin  and  subcutaneous  tissues  arc  dissected  up  as  in  the  circular 
operation,  and  cither  disarticulation  is  performed  as  already  described, 
or  the  bone  is  sawed  above  the  articular  surface.  The  patella  may  be 
left  in  the  anterior  part  of  the  flap,  or  it  may  be  dissected  out  and 
removed  with  the  tibia. 

Garden's  Amptitalion  {AttUrier  Flap)  (Fig.  1 10,  S). — ^An  incision 
begins  over  the  posterior  portion  of  the  femoral  condyle  i  inch  above 
the  joint,  and  extends  in  a  broad  sweep  across  the  front  of  the  knee, 
about  half-way  down  the  Hganientum  patella,  and  up  again  to  a  point 
on  the  other  side  corresponding  to  its  point  of  origin.  This  incision 
extends  through  skin  and  subcutaneous  tissue  only,  and  the  flap  is 
dissected  up  to  above  the  patella.  The  two  ends  of  the  first  incision 
are  now  united  by  a  short  curved  incision  across  the  back  of  the  joint. 
After  retracting  the  anterior  flap,  the  quadriceps  tendon  is  divided,  the 
joint  opened  and  disarticulated,  and  the  posterior  muscles  severed 
from  within  outward.  The  articular  surface  of  the  femur  is  now  sawed 
off,  and  the  operation  is  completed  by  ligature  of  the  popliteal  artery 
and  it.s  articular  branches,  and  suture  of  the  wound  from  before  back- 
ward. 

Griltis  Amputation  (Fig.  1 1 1 ). — By  this  method  the  patella  is  used 
to  cap  the  stump  of  the  femur,  and  advantage  is  taken  of  the  pre- 
patellar bursa  to  provide  a  loosely  moving  covering  to  the  end  of  the 
stump.  The  general  steps  are  the  same  as  in  Garden's  operation,  the 
long  anterior  flap  being  more  rectangular  and  its  base  slightly  higher 
on  the  front  of  the  femur.  The  anterior  flap  is  dissected  up,  and  the 
ligamentum  patellae  divided  at  its  insertion  and  retained  in  the  flap. 
Disarticulation  follows  as  in  Garden's  operation,  and  the  articular  sur- 
face and  condyles  of  the  femur  are  sawed  through  at  a  level  above 
their  most  prominent  part.  The  sawing  of  the  patella  is  the  most  dif- 
ficult part  of  this  operation,  and  is  best  accomplished  by  a  small  meta- 
carpal saw  while  the  bone  is  held  firmly  with  lion-forceps.  After  the 
articular  surface  has  been  removed  and  the  necessary  blood-vessels 
tied,  the  patella  is  drawn  down  over  the  end  of  the  femur  and  held 
with  pins  or  sutures.  This  operation  is  an  imitation  of  PirogofiT's 
o.steoplastic  ankle-amputation,  but  does  not  appear  to  have  attained 
the  popularity  of  Pirogoff's,  although  not  essentially  differing  from  it 
in  any  way.  The  technical  difficulties,  however,  in  its  performance 
are  considerable,  and  a  tendency  has  been  noted  to  the  drawing  for- 
ward and  upward  and  displacing  of  the  patella  by  the  strong  quadri- 
ceps muscle.  This  may  be  obviated  by  a  sufliciently  high  division  of 
the  femur,  or  by  section  of  the  quadriceps  tendon  in  whole  or  in  part, 

Ampatation  of  the  Thigh.— Here  the  conditions  are  similar  to 
those  in  the  upper  arm.  there  being  one  bone  well  surrounded  by 
muscle,  except  at  the  lower  end,  so  that  almost  any  recognized  method 
of  amputation  may  be  carried  out.  There  are  many  operations,  differ- 
ing slightly,  described  by  and  named  after  different  men.  None  will 
be  mentioned  except  those  commonly  used.     Amputation  may  be  per- 
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formed,  anywhere  from  the  trochanter  to  the  condyles,  but  is  gener- 
ally done  at  some  part  of  the  middle  third.  The  operations  consist 
of  the  flap  and  the  circular  methods,  with  a  modification  of  each.  As 
the  skin  and  muscles  on  the  posterior  and  inner  side  have  the  greater 
power  of  retraction,  the  operator  must  correct  this  by  making  his 
incision  lower  at  these  points.     The  number  and  size  of  the  vessels  to 
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be  lied  will  var>*  with  the  height  of  the  section.    They  include  the  fem- 
or.il.piofiinda.  .inastomotica  magna,  perforating  and  muscular  branches. 
Flap  Operations. — In  the   anteroposterior  method  the   flaps   are 
I  made  by  transfixion,  the  posterior  being  the  longer,  to  allow  for  the 

^H  greater  retraction  which  takes  place.  The  main  artery  will  be  in 
^^L  the  anterior  or  posterior  flap  according  a-s  the  section  is  high  or  low. 
^^L    lo  the  lateral  flap  operation  (Vermale)  the  flaps  are  also  cut  by  trans- 
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fixion  and  are  of  equal  length.     This  operation  is  not  much  done  at 
present,  and  is  not  a  good  one  for  the  lower  part  of  the  thigh. 

Long  Anterior  Flaps  (Fig,  ill,r). — This  method  gives  very  good 
results.  The  flaps  are  marked  out  first  on  the  skin  as  foilows:  An 
anterior  flap  is  cut,  with  its  base  about  half  the  circumference  of  the 
limb,  and  its  "  length  equal  to  one  diameter  and  a  haJf  of  the  limb  at 
the  saw-line"  (Treves).  A  short  posterior  flap  is  also  marked  out 
111  this  case  the  anterior  flap  is  best  cut  from  without  inward,  following 
the  line  in  the  skin,  taking  care  that  it  be  not  too  thick.  The  posterior 
flap  may  be  cut  by  transfixion.  The  bone  is  then  exposed  and  sawed 
through.  In  sawing  through  the  femur,  in  all  cases  the  edges  should 
be  smoothed  by  bevelling  with  a  saw  or  chisel. 

The  modilicalion  known  as  Scditlt't's  operaiinH  differs  from  ihis  in  Ihal  tliere  is  no  pos- 
terior flap,  llie  stnitlurcs  liciiig  cut  straight  lo  the  bone   (tig-  HI,  *)- 

The  Modified  Circular  (Fig.  112). — An  oblique  circular  incision  is 
made  in  the  skin,  beginning  at  the  outside  of  the  thigh,  and  carried 


Fin.  113. — Amputation  of  the  thigh  with  oval  incision. 

inward  about  the  limb  to  the  starting-point,  with  a  downward  slant 
sufficient  to  allow  for  the  posterior  retraction.  According  to  Faraboeuf. 
the  incision  on  the  anterior  surface  should  be  at  a  distance  from  the 
proposed  section  equal  to  one-quarter  the  circumference  of  tlie  thigh 
at  that  point,  and  that  on  the  posterior  equal  to  about  one-third  of  the 
same.  The  skin  is  loosened  and  held  back  evenly.  The  muscles 
are  tiien  divided  obliquely  in  layers  parallel  to  the  skin-incision,  each 
layer  being  allowed  to  retract.  The  muscles  are  then  held  back  and 
the  bone  is  sawed. 

Another  very  excellent  method,  described  by  Wyeth,  consists  of 
an  oblique  circular  skin-incision  with  a  short  incision  on  the  outer 
surface  at  right  angles  to  the  first,  which  is  practically  a  racket  incision 
with  a  short  handle.  This  enables  the  operator  to  turn  the  skin  back 
with  greater  ease.     The  rest  of  the  operation  is  the  same. 

In  Syme's  modification  two  extra  incisions  are  made,  thus  forming 
short  rectangular  anterior  and  posterior  skin-flaps. 

Amputation  at  the  Hip-joint. — This  operation  is  by  far  the 
most  formidable  of  all  the  amputations,  and  was  for  a  long  time 
deemed  unjustifiable;  but  modern  technic  has  brought  it  under  the 
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head  of  recognized  operations,  and  it  may  be  done  successfully  in 
many  cases.  It  is  indicated  when  amputation  cannot  be  done  below 
the  great  trochanter.  The  principal  dangers  are  hemorrhage  and 
shock,  the  latter  being  somewhat  dependent  upon  the  former.  The 
prevention  of  shock  is  elsewhere  considered.  There  have  been  many 
means  suggested  for  the  control  of  hemorrhage:  manually,  by  digital 
compression  of  the  aorta,  the  external  iliac,  the  common  iliac  (by  inci- 
sion), and  the  femoral;  mechanically,  by  means  of  various  apparatus, 
as  Lister's  aortic  tourniquet,  which  is  not  now  used,  and  by  Davy's 
ingenious  but  unreliable  method  of  applying  pressure  to  the  common 
iliac  by  means  of  a  lever  introduced  into  the  rectum.  Some  operators 
prefer  to  ligate  the  femoral  or  common  iliac  first,  or  to  tie  each  vessel 
as  it  appears  in  the  wound.  As  the  most  troublesome  bleeding  comes 
from  the  branches  of  the  internal  iliac,  some  means  should  be  adopted 
that  will  occlude  them.  The  elastic  tourniquet  is  the  best  mechanical 
aid  we  have  for  this  purpose.  The  most  satisfactory  application  is 
after  the  method  of  Wyeth  or  Trendelenburg,  who  fir.st  transfix  the 
thigh  with  steel  pins,  Wyeth  making  use  of  two,  and  Trendelenburg 
one.  The  tourniquet  is  then  tightly  applied  above  them,  and  cannot 
slip. 

The  Esraarch  elastic  bandage  should  be  applied  in  all  possible  cases, 
with  the  limb  in  an  elevated  position.  The  conditions  contra-indicating 
its  use  are  ;  sepsis,  when  some  of  the  infected  material  might  be  forced 
into  the  sound  portion  of  the  limb  ;  certain  tumors  which  would  obstruct 
mechanically;  and  in  cases  of  extreme  crush  with  pulpefaction  follow- 
ing any  severe  accident. 

The  Anterior  Racket  or  Oval  Method  (Fig.  114,  cc). — In  this  pro- 
cedure hemorrhage  is  dealt  with  by  ligaturing  the  femoral  first,  and  the 
other  vessels  as  they  are  met  with  during  the  removal  of  the  limb. 
No  tourniquet  is  used,  but  the  elastic  bandage  of  Esmarch  should  be 
applied.  A  racket  incision  is  made  in  the  skin,  down  to  the  muscles, 
as  follows:  The  straight  part  of  the  incision  begins  just  below  Pou- 
part's  ligament,  over  the  origin  of  the  femoral,  and  follows  the  course 
of  that  vessel  for  about  3  inches.  The  cut  then  curves  obliquely 
inward  and  downward,  passing  about  the  limb,  and  being  brought  up 
on  the  outer  surface  just  below  the  great  trochanter,  upward,  to  meet 
itself  at  the  point  of  separation  from  the  vertical  incision.  The  next 
step  is  the  ligation  of  the  great  vessels.  They  are  exposed,  the  artery 
and  vein  being  separately  tied  in  two  places  and  divided.  Now  the 
section  of  the  muscles  should  begin.  In  the  outer  flap  are  the  sar- 
torius.  rectus,  and  tensor  vaginx  femoris.  These  are  divided;  then 
the  gluteus  maximus.  Under  this  is  found  the  trochanter.  The  limb 
is  rotated  inward  to  put  the  short  rotators  on  the  stretch,  and  the  latter 
Ihen  divided.  Now  the  thigh  is  rotated  outward,  and  the  psoas  and 
all  muscles  on  the  inner  side  are  cut.  The  articulation  can  now  be 
ojiened,  and  the  femur  disarticulated  by  going  backward  through  the 
joint  and  dividing  the  muscles  at  the  posterior  part. 

The  Modified  Oval  or  External  Racket  Incision. — The  skin -incision 
is  m.ide  on  the  outer  aspect  of  the  limb;  the  straight  portion  is  begun 
about  2  inches  above  the  trochanter  and  continued  downward  6  or  7 
inchcii.     It  is  then  carried  obliquely  downward  across  the  anterior  sur- 
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face,  transversely  across  the  inner,  some  distance  below  the  end  of  the 
straight  incision,  and  upward  on  the  posterior  surface  to  the  lower  end 
of  the  first  cut  {Fig.  1 1  3).  The  skin  is  now  loosened  all  around  and 
held  back  ;  the  anterior  muscles  being  cut,  all  the  muscles  arc  freed 
from  the  trochanter  and  the  upper  end  of  the  femur.  The  capsule  of 
the  joint  is  cut  and  the  head  disarticulated  outward.  The  adductors 
and  other  mu.sclcs  on  the  inner  side  are  divided  and  the  operation 
completed.     All  vessels  arc  then  tied. 

The  I'uriieaux-Jordan  method  is  a  modification  of  this  one.  The 
operation  as  described  by  him  consists  of  a  straight  incision  over  the 
trochanter,  connecting  with  a  circular  one  at  some  lower  level.     The 


Fig.  113. — Olsarliculalion   al   the   hip-joiii[ 
with  exicrnal  racket  incision. 


FTG.  114. — Amj>n[a[ii]ri  :ii  ilit  hip-joiDt: 
Jiz,  by  aiilefior  Hap;  bb.  modihcd  circular 
method  ( I-'urneaux-Jordati) ;  £,  iitilerior 
r.icki:t  ineLsion. 


bone  is  enucleated,  and  the   limb  removed  by  a  circular  division  of  the 
muscles  (Fiy.  1 14.  bb). 

The  Anterior  Flap  Method. — This  is  the  operation  by  transfixion, 
and  was  much  used  in  pre -anesthetic  days  because  of  the  extreme 
rapidity  with  which  it  could  be  performed.  It  is  still  done  after  cer- 
tain cases  of  injury,  for  the  same  reason.  The  femoral  is  controlled 
by  direct  pressure  by  an  a.ssistant.  To  cut  the  anterior  flap,  the 
thigh  should  be  flexed,  and  a  long  knife  introduced  half-way  between 
the  anterior  superior  spine  of  the  ilium  and  the  great  trochanter, 
passed  inward  in  front  of  the  joint,  opening  the  cap.sule  if  possible,  to 
emerge  on  the  inner  side  an  inch  below  and  anterior  to  the  tuberosity 
of  the  ischium  (Fig.  1 14,  aa\.  A  flap  is  now  cut  from  within  outward 
and  turned  back,  the  femur  being  disarticulated  by  enlarging  the  open- 
ing in  the  capsule  and  depressing  the  knee.  The  thigh  is  rotated 
inward,  and  the  short  rotators  divided  ;  then  the  posterior  flap  is  cut 
by  carrying  the  knife  behind  the  head  of  the  bone  and  bringing  it 
downward  and  outward.     Ali  vessels  are  to  be  caught  and  tied. 
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Esmarch's  Method. — This  operation  has  two  steps,  a  circular  thij;li 
amputation  6  inches  below  the  trochanter,  followed  by  the  removal  of 
the  remaining  portion  of  the  femur  through  an  external  lateral  inci- 
sion. 

5enn's  Method — This  is  a  comphcated  procedure  by  which  the 
head  of  the  bone  is  enucleated  and  brought  out  through  an  external 
incision.  A  rubber  tourniquet  is  passed  into  the  wound,  and  brought 
out  through  a  small  opening  on  the  inner  surface.  The  tourniquet 
is  cut,  and  one  part  tied  about  the  thigh  in  front,  the  other  carritd 
behind,  crossed,  and  tied  in  front  higlier  than  the  first.  Flaps  are  then 
fashioned,  and  the  limb  removed  by  a  circular  cut. 

The  Circular  Method  (Fig  114,  bb\. — No  special  description  of 
this  is  needed.  A  circular  skin-incision  is  made  6  inches  below  the 
anterior  superior  spine  of  the  ihum.  The  muscles  are  divided  down 
to  the  bone  in  the  same  manner  at  a  higher  level.  The  joint  is  then 
opened. 

Wyeth's  Bloodless  Method. — This  operation  is  without  doubt  the 
simplest,  safest,  and  best  method  we  have  for  hip-joint  amputation.  It 
can  be  done  quickly,  and  there  is  practically  no  blood  lost.  The 
Itchnic  may  be  briefly  outlined  from  the  description  given  by  Wyeth.' 
as  follows;  The  patient  is  placed  with  the  sacrum  upon  the  corner  of 
the  oi>e rating-table.  The  limb  to  be  amputated  should  be  emptied  of 
blood  by  applying  the  clastic  bandage,  except  where  contra-indicated, 
as  before  noted.  Two  steel  needles  are  required,  -j^  inch  thick  and  10 
inches  long.  Their  introduction  is  described  by  Wyeth  in  the  follow- 
ing manner :  "  One  pin  enters  \  inch  below  the  anterior  superior  spine 
of  the  ilium  and  slightly  to  the  inside  of  this  prominence,  and  is  made 
to  traverse  superficially  for  about  3  inches  the  muscles  and  fascia;  on 
tlie  other  side  of  the  hip,  emerging  on  a  level  with  the  point  of 
entrance.  The  point  of  the  second  needle  is  thrust  through  the  skin 
and  tendon  of  origin  of  the  adductor  longus  muscle  i  inch  below  the 
crotch,  the  point  emerging  an  inch  below  the  tuber  ischii."  The  points 
of  the  pins  arc  shielded  by  corks,  and  the  tourniquet  wound  five  or 
six  times  very  tightly  about  the  limb  above  the  pins.  The  Esmarch 
bandage  is  now  removed.  A  circular  incision  is  made  in  the  skin 
about  6  inches  below  the  tourniquet,  and  a  longitudinal  cut  from  the 
tourniquet,  in  the  line  of  the  trochanter,  to  join  it.  The  integuments 
are  dissected  back,  an<i  the  soft  parts  divided  down  to  the  bone  by  a 
circular  sweep  even  with  the  lesser  trochanter.  The  larger  vessels  are 
now  tied.  All  muscular  insertions  should  now  be  separated  from 
the  trochanters  and  upper  part  of  the  femur.  This  brings  the  operator 
down  to  the  capsular  ligament,  which  is  cut  through,  and  the  limb  dis- 
articulated by  manipulation  after  divi.sion  of  the  ligamcntuni  teres. 
Nothing  now  remains  to  be  done  but  to  -tie  the  other  vessels  and 
close  the  wound  by  sutures.  The  vessels  to  be  tied  at  this  stage  are 
the  sciatic  and  obturator  and  the  descending  branches  of  the  external 
and  internal  circumflex  arteries.  Wyclh  recommends  suturing  the 
stumps  of  the  divided  muscles  with  catgut,  in  order  to  stop  the  oozing 
by  quilling  large  surfaces  of  muscle  together. 

'  A  tmnplele  acconnl  of  Ihf  opcralion  may  be  found  in  Wyeth's  Brtide  in  Ihe  Anttah 
tf  Smrgtry,  1897.  toI.  15.  p.  119. 
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EXaSION  OF  BONES  AND  JOINTS.  I 

The  term  "excision  of  a  joint"  means  the  removal  of  one  or  all 
the  extremities  of  the  bones  which  enter  into  the  formation  of  any 
given  joint.  When  only  one  extremity  is  excised,  the  excision  is  "  par- 
tial ;'■  when  all  the  extremities  are  excised,  the  excision  is  "  complete." 

"  Resection  "  means  the  removal  of  the  entire  thickness  of  a  bone. 

Joints  are  exci.sed  for  the  relief  of  various  conditions,  such  as  dis- 
ease, especially  when  well  advanced,  trauma,  old  unreduced  disloca- 
tions, ankylosis  in  faulty  position  ;  also  for  the  purpose  of  obtaining 
motion.      Excision  may  save  ihe  patient  from  an  amputation. 

Certain  general  principles  should  govern  all  excisions.  All  diseased 
tissue  should  be  carefully  removed,  whether  it  be  bone  or  soft  parts, 
although  the  utility  of  most  joints  will  depend  upon  the  preservation 
of  tendons,  and  usually  upon  as  little  sacrifice  of  bone-tissue  as  pos- 
sible. In  children,  extensive  resection  will  prevent  the  normal  growth 
of  the  limb.  In  all  cases  a  good  position  of  the  limb  will  depend 
upon  the  care  with  which  the  excision  is  conducted,  but  in  the  knee- 
joint  extraordinary  care  is  necessary  in  order  to  obtain  a  straight  leg. 

Excisions  call  for  strict  asepsis,  much  skill  in  the  application  of 
splints,  and  good  judgment  in  managing  the  convalescence.  All  tour- 
niquets should  be  avoided  if  possible. 

The  results  following  exci.sion  depend  upon  the  cause  for  which  the 
operation  is  undertaken,  the  age  and  general  condition  of  the  patient, 
as  well  as  the  mode  of  operation  and  care  received  during  conva- 
le.scence. 

It  is  not  to  be  expected  that  the  function  of  a  joint  will  be  com- 
pletely restored,  but  the  nearest  approach  has  been  obtained  by  the  so- 
called  "  subperiosteal  method,"  to  be  described  later.  In  general,  how- 
ever, the  results  derived  from  excision  are  good,  and  the  mortality  is 
not  high. 

Excision  of  the  Shoulder -joint. —  Von  Lanf^cnbcch' s  Mfthod. — 
The  shoulder-joint  is  a  lax  joint  formed  by  the  articulation  of  the  head 
of  the  humerus  with  the  glenoid  fossa  of  the  scapula.  A  loose  cap- 
sule, re-enforced  by  several  muscles,  keeps  these  bones  more  or  less  in 
approximation.  Excision  of  the  shoulder-joint  is  usually  "partial," 
becau.se  commonly  only  the  head  of  the  humerus  is  removed.  The 
coracoid  and  acromion  processes  and  the  greater  and  lesser  tuberosities 
are  important  landmarks.  The  contour  of  the  deltoid  muscle,  the 
direction  of  its  fibers,  and  the  posterior  position  of  the  circumflex  artery 
and  nerve  are  important  considerations. 

There  are  various  methods  of  approaching  and  excising  this  joint 
All  flap  operations  which  sever  the  deltoid  fibers  are  no  longer  in  gen- 
eral use,  and  the  joint  is  best  approached  by  means  of  an  incision 
roughly  parallel  with  these  fibers.  Having  reached  the  capsule,  the 
head  of  the  humerus  may  be  exposed  and  excised  by  means  of  the 
open  or  the  subperiosteal  method. 

The  patient  is  placed  on  his  back  with  the  shoulders  somewhat  ele- 
vated and  near  the  edge  of  the  opera  ting- table,  and  the  flexed  arm  is 
controlled  by  an  assistant.  The  capsule  may  be  exposed  by  one  or 
two  incisions. 


EXCISION  OF  BONES  AND  JOINTS. 


359 


VoH  Langenbeck's  incision  {Fig.  1 1 5.  5)  starts  at  a  point  just  exter- 
nal to  the  acromioclavicular  articulation,  ami  is  carried  directly  down- 
ward for  about  4  inches,  passing  through  the  thickness  of  the  deltoid 
so  as  to  expose  the  capsule  and  the  greater  tuberosity,  the  arm  having 
been  rotated  somewhat  inward. 

Oilier* s  incision  (Fig.  1 15,  W)  is  anterior  to  this  one.  and  commences 
at  a  point  near  the  tip  of  the  coracoid  process,  follows  the  direction 
of  the  fibers  of  the  deltoid  downward  and  backward  for  about  4  inches, 


Ci.  115. — Eiciiion  ot  the  shouldcr-joint     ,(.  i 

C.  Hull.  : 


liin  Ijngftibcck"*  incision: 


and  is  also  carried  boldly  down  to  the  capsule  and  greater  tuberosity 
of  the  humerus.     The  latter  incision  is  preferable. 

Exposing  the  Htad  of  the  Humerus. — The  long  head  of  the  biceps 
is  sought  for,  and  should  always  be  preserved.  The  capsule  is 
opened  by  an  incision  external  and  parallel  to  this  tendon,  made 
from  below  upward.  The  operator  must  now  decide  for  himself  as  to 
whether  he  will  use  the  open  or  the  subperiosteal  method.  The  former 
is  the  more  common  and  easier  procedure ;  the  latter  is  more  difficult 
and  less  frequently  practicable,  but  gives  the  best  results.  In  per- 
forming the  open  method,  the  edges  of  the  wound  are  retracted,  the 
biceps  tendon  drawn  inward,  and  as  the  assistant  adducts  and  rotates 
the  humerus  the  insertion  of  the  capsule,  together  with  the  tendons  of 
the  supraspinal  us,  infraspinatus,  and  teres  minor  muscles,  is  severed. 
The  biceps  tendon  is  then  retracted  externally  and  rotated  in  the  oppo- 
site direction,  so  as  to  expose  the  subscapulars  tendon,  which  is  to  be 
sc\'crcd  together  with  this  portion  of  the  capsule.  The  head  of  the 
bone  can  now  be  forced  up  out  of  the  capsule,  the  remaining  portion 
of  which  can  be  cut  across  if  necessary,  and  the  head  of  the  bone  be 
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excised  by  means  of  the  saw.  This  method  severs  the  scapular  mus- 
cles from  the  humerus.  It  is  well  not  to  remove  any  more  of  the  bone 
than  is  necessary,  particularly  in  children. 

The  object  of  the  subi>erio£teal  method  is  to  preserve  the  attach- 
ment of  the  scapular  muscles.  The  capsule  is  exposed  and  opened  as 
above,  and  the  biceps  tendon  retracted  in  a  similar  manner.  By  means 
of  a  periosteum -elevator,  as  the  arm  is  rotated  the  periosteum,  capsule, 
and  tendons  of  the  scapular  muscles  are  separated  from  the  bone  in  one 
continuous  layer,  so  as  to  expose  the  head  of  the  humerus  and  more  or 
less  of  the  tuberosities.  The  bone  is  then  forced  out  of  the  joint  and 
excised. 

Transi'erse  Incision  [Nilatoti). — In  certain  instances  it  will  be  neces- 
sary to  remove  a  portion  of  the  glenoid  fossa  and  to  supplement  the 
original  incision  by  a  transverse  one. 

Bxcision  of  the  Elbow-joint. — Excision  of  the  elbow-joint 
should  be  "'complete,"  for  a  "partial"  excision  is  more  liable  to  be 
followed  by  ankylosis — a  result  to  be  avoided  at 
the  elbow.  Nevertheless,  care  must  be  exercised 
in  order  that  too  much  bono  be  not  excised,  for 
this  may  leave  a  loose  and  consequently  inefficient 
joint. 

The  bony  landmarks  consist  of  the  internal 
and  external  condyles  and  intervening  articular 
surface,  tlie  coronoid  and  olecranon  processes. 
and  the  head  of  the  radius.  The  other  structures 
to  be  observed  are  the  internal  and  external  late- 
ral ligaments,  the  ulnar  and  posterior  interosseous 
nerves,  and  the  tendons  of  the  triceps,  biceps,  and 
brachialis  anticus  muscles.  These  two  latter  ten- 
dons should  never  be  severed.  There  is  danger 
C'f  severing  the  ulnar  nerve.  The  variety  of  oper- 
ation which  preserves  the  integrity  of  the  most 
ligaments,  tendons,  and  periosteum  is  the  mo.st 
satisfactory.  The  operation  should  consequently 
be  as  subperiosteal  as  possible. 

The  posterior  longitudinal  incision  is  the 
one  usually  employed  (von  Langenbeck,  Fig. 
Ii6.  a).  The  arm  is  flexed  and  held  with  the 
humerus  nearly  vertical,  and  a  posterior  longi- 
tudinal incision  about  4  inches  long  is  made  so 
that  its  center  is  at  the  top  of  the  olecranon 
process.  This  incision  is  carried  directly  to  the 
bone,  so  as  to  bisect  the  triceps  tendon  and  the 
posterior  ligament.  The  ne.xt  step  consists  in 
exposing  the  lower  extremity  of  the  humerus  by 
removing  periosteum,  ligaments,  and  tendons  in 
as  continuous  a  layer  as  possible.  This  is  best 
done  with  the  elevator,  using  the  knife  sparingly. 
The  inner  half  of  the  triceps  tendon  is  first  retracted,  and  then  the 
internal  condyle  exposed,  care  being  exercised  not  to  injure  the  ulnar 
nerve.     Then  the  external  condyle  is  similarly  denuded,  and  the  soft 


Fiti,  116. — Excision  of 
the  dhow:  oa.  von   L.an- 
genbeck's  incision  ;  b  b,  Di- 
li cr's  incisicm. 
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parts  retracted  from  the  exposed  bone.  The  extremity  of  the  humerus 
is  now  grasped  with  lion  forceps  and  sawed  across  transversely  just 
above  the  condyles.  The  forearm  is  now  raised  vertically,  so  as  to 
expose  the  ends  of  the  radius  and  ulna,  which  are  to  be  freed  a  little, 
and  then  sawed  transversely  so  as  to  remove  a  thin  button  from  the 
radius. 

The  wound  may  be  closed  or  not.  according  to  the  judgment  of 
the  surgeon,  and  should  be  placed  upon  a  splint  at  an  angle  somewhat 
greater  than  a  right  angle,  with  the  extremities  of  the  bones  not  in 
approximation.  Ankylosis  is  more  to  be  feared  in  children.  The 
fingers  and  wrist  should  be  free  and  allowed  to  move. 

In  Ollier's  method  the  joint  is  approached  laterally,  one  object 
being  not  to  sacrifice  the  triceps  tendon.  A  cutaneous  incision  is  made 
vertically  along  the  interval  between  the  triceps  and  supinator  longus 
muscles  for  about  3  inches  above  the  joint-line  (Fig.  1 16,  b\  crossing 
the  condyle  below  toward  the  olecranon  process,  along  which  it  con- 
tinues for  an  inch  or  more.  A  short  vertical  incision  is  made  over  the 
internal  condyle,  through  which  the  internal  lateral  ligament  is  severed. 
By  means  of  these  incisions  tlie  bones  are  carefully  denuded  and 
excised  as  above;  but  this  method  is  less  practicable  than  the  former. 

The  object  of  all  elbow-excisions  is  the  production  of  a  healthy, 
movable  joint.  They  are  conmionly  performed  for  advanced  cases  of 
bone-  and  joint-disease,  in  which  case  both  tlie  bone  and  the  soft 
parts  must  often  be  extensively  sacrificed. 

Excision  of  an  Ankylosed  Elbow. — An  elbow  is  frequently  anky- 
loscd  in  an  awkward  position,  and  although  it  dc)es  not  present  any 
active  pathological  process  nor  give  rise  to  any  subjective  symptoms, 
nevertheless  such  an  elbow  is  not  very  useful,  on  account  of  the  limita- 
tion of  motion.  The  results  of  excision  in  such  cases  are  ver>'  satis- 
factory. 

The  joint  may  be  exposed  by  either  the  posterior  or  the  lateral 
incisions.  On  account  of  the  absence  of  pathological  processes,  it  is 
necessary  to  sacrifice  bone-tissue  only,  and  the  operation  can  be  made 
as  near  the  subperiosteal  t>'pe  as  is  possible.  The  incisions  are  to  be 
carried  as  near  the  bone  as  possible,  severing  tlie  capsule.  With  the 
periosteum-elevator  one  condyle  is  to  be  exposed,  and  then  the  other, 
working  carefully  from  within  the  joint,  and  remo\ ing  periosteum,  liga- 
ments, and  all  muscle-tendons  in  one  continuous  layer.  This  is  often  a 
diftlcult  task  on  account  of  the  irregularity  of  the  bones.  The  greatest 
care  should  always  be  exercised  to  prevent  injur)'  to  the  ulnar  nerve. 
When  sufficient  bone  has  been  exposed,  it  may  be  removed  by  means 
of  the  saw  or  bone-forceps,  first  treating  the  humerus,  and  then  the 
radius  and  ulna. 

The  after-treatment,  as  usual,  consists  in  applying  a  splint  which 
fixes  the  forearm  at  an  angle  of  about  135  degrees,  preventing  a  back- 
van!  dislocation  and  securing  absolute  approximation  of  the  fragments, 
Passive  movements  of  all  parts  should  be  resorted  to  early,  and  the  arm 
can  soon  be  flexed  to  a  right  angle. 

Reduction  of  Old  Unreduced  Backward  DlsIocatlon3  of  the 
Elbow  by  Operative  Measures. — In  this  dislocation  the  inferior  sur- 
face of  the  coronotd  process  of  the  ulna  is  carried  behind  and  above  the 
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trochlear  surface  of  the  humerus,  and  the  apex  of  the  process  tends  to 
enter  the  olecranon  fossa.  New  fibrous  bands  hold  the  bones  in  this 
abnormal  position,  and  in  time  a  new  socket  may  be  formed.  Operative 
measures  should  be  directed  toward  severing  these  bands,  overcoming] 
all  adhesions,  reducing  the  bones  to  their  original  positions,  and  main- 
taining them  by  means  of  apparatus. 

The  first  indsion  is  made  over  the  external  supr^condyloid  ridge, 
extending  down  to  the  condyle,  and  thence  downward  and  inward, 
between  the  radius  and  ulna,  so  as  to  avoid  the  extensor  group  of  mus- 
cles, and  should  terminate  on  the  ulna.  Through  this  incision  all  new 
bone-formation  should  be  chiselled  away,  fibrous  bands  severed,  and  the 
sigmoid  fossa  cleared  of  alt  tissue.  A  curved  incision  is  to  be  made 
over  the  internal  condyle,  the  ulnar  nerve  isolated,  and  all  fibrous  bands 
divided.  The  parts  are  to  be  manipulated  until  perfectly  free,  the  bones 
to  be  replaced,  the  wound  closed,  and  the  parts  to  be  immobilized  with 
an  internal  angular  splint. 

The  arm  must  be  watched  carefully,  in  order  to  avoid  a  recurrence 
of  the  dislocation,  and  in  the  course  of  three  .or  four  weeks  passive 
motion  should  be  commenced. 

BxcisioQ  of  the  Wrist. — This  operation  consists  in  the  removal 
of  the  carpal  bones,  as  a  rule  ;  but  in  order  to  be  complete  the  lower 
extremities  of  the  radius  and  ulna  and  the  proximal  extremities  of  the 
metacarpal  bones  should  also  be  excised.  The  more  usual  indications 
are  chronic  disease  of  the  bones  or  their  joints. 

In  order  to  perform  this  excision  with  dexterity  the  anatomical 
features  of  the  bones  just  mentioned  must  be  understood.  The  carpal 
bones  are  united  by  a  capsular  ligament  strengthened  in  various  places, 
so  that  with  care  it  may  be  removed  as  a  single  layer  both  anteriorly 
and  posteriorly.  Posteriorly  and  laterally  the  bones  at  the  wrist  are 
practically  subcutaneous ;  but  anteriorly  there  are  many  tendons,  nerves, 
and  vessels.  The  posterior  tendons  serving  as  guides  are  the  extensor 
longus  poUicis  and  the  extensor  tendons  of  the  index  finger,  the  radial 
artery  lying  to  the  outer  side  of  the  former  tendon  ;  while  between  the 
tendons  (Fig.  1 17)  is  a  space  crossed  by  the  radial  nerve,  and  offering 
a  safe  means  of  approach  to  the  radial  end  of  the  carpus.  In  this  space 
are  the  two  extensor  carpi  radialis  tendons.  On  the  radial  side  are  the 
extensor  tendons  of  the  thumb  and  its  metacarpus  ;  on  the  ulnar  side  are 
the  extensor  and  flexor  carpi  ulnaris  tendons.  The  exterior  tendons 
crossing  the  carpus  posteriorly  need  not  be  disturbed.  Anteriorly  are 
the  deep  and  superficial  flexors  of  the  fingers  and  long  (lexor  of  the 
thumb,  together  with  the  median  and  ulnar  ner\'es  and  radial  and  ulnar 
arteries.  The  trapezium  is  important  surgically  from  the  fact  that  it 
supports  the  thumb  with  its  muscles,  is  in  close  proximity  to  the  radial 
artery,  and  that  a  groove  on  it.s  anterior  surface  lodges  the  long  flexor 
tendon  of  the  thumb.  Hence  this  bone  should  be  preserved,  if  possible. 
The  upper  bones  of  the  carpus  correspond  roughly  to  a  line,  convex 
upward,  which  connects  the  two  styloid  processes.  The  arteries  most 
liable  to  be  wounded  are  the  radial,  the  carpa!  arches,  and  the  deep  arch. 

Bilateral  Incision.— This  operation  is  likely  to  be  long  and  tedious, 
but  should  be  made  as  subperiosteal  as  possible,  with  only  the  neces- 
sary sacrifice  of  tendons.     The  radial  indsion  is  made  first.     It  should 
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commence  on  a  level  with  the  radial  styloid,  over  the  center  of  the 
posterior  surface  of  the  radius,  and  be  carried  downward  to  the  inner 
side  of  the  first  carpometacarpal  articulations  (Fig.  118,  a),  thence 
along  the  radial  side  of  the  second  metacarpal  .for  half  its  distance, 
making  an  incision  about  4  inches  long.  It  lies  to  the  ulnar  side  of  the 
extensor  longus  pollicis  muscle,  should  be  carried  to  the  bone,  and  it 
will  probably  sever  the  two  extensor  carpi  radialis  tendons.  The  ulnar 
incision  is  on  the  inner  side  of  the  wrist,  commencing  about  2  inches 
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above  the  ulnar  styloid  process,  and  is  carried  down  between  the  two 
ulnar  carpal  tendons  and  reaches  as  low  as  the  middle  of  the  fifth  meta- 
carpal bone  {Fig.  1 18,  h\. 

The  next  step  consists  in  removing  the  carpus  as  subperiosteally  as 
possible ;  it  may  include  the  carpus  as  a  whole,  or  each  bone  may  be 
removed  as  it  is  freed.  The  trapezium  is  separated  from  the  carpus  and 
pres<^r\'ed,  if  possible,  as  is  the  pi.siform  also,  liy  means  of  an  elevator 
the  periosteum  and  tendons  are  separated  from  the  carpal  bones  ante- 
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riorly  and  posteriorly,  aided  by  alternately  flexing  and  extending  the 
hand  and  working  through  both  incisions.  On  the  radial  side  we  must 
guard  against  injury  lo  the  radial  artery  and  the  long  flexor  tendon  of 
the  thumb,  if  the  trapezium  must  be  removed.  On  the  ulnar  side  there 
is  less  to  be  injured.  Thus  all  the  carpal  bones  are  to  be  bared  and 
removed  with  as  little  injury  to  tendons  as  is  possible.  Thus  far  the 
tendons  on  the  posterior  aspect  of  the  radius  and  ulna  should  not  have 
been  disturbed  ;  but  if  it  is  necessary  to  resect  a  portion  of  these  bones, 

the  general  layer  of  carpal  perios- 
teum is  to  be  elevated,  including 
the  extensor  tendons,  exposing  as 
much  bone  as  may  be  necessary. 
The  hand  may  be  everted  and  these 
extremities  removed  through  the  ul- 
nar incision,  according  to  the  exi- 
gencies of  the  case.  The  ends  of  the 
metacarpal  bones  are  to  be  exposed 
and  excised  if  necessary.  The  above 
incision  is  to  be  used  for  drainage  if 
such  is  demanded.  The  forearm  and 
hand  are  fixed  by  means  of  an  ante- 
rior splint,  and  the  fingers  left  free 
for  passive  motion.  Care  must  be 
taken  to  keep  the  hand  in  good 
position  until  the  tendons  and  bones 
become  readjusted  to  their  new  po- 
sition, and  consequently  the  splint 
must  be  worn  for  a  period  of  from 
two  to  six  months.  The  results 
from  this  operation  are  not  very 
satisfactory. 

Dorsoradlal  Incision    (t'O/i  Lan- 

gcnbfck). — A  carpal  excision  may  be 

performed  through  a  single  straight 

carried   along  the  ulnar   side  of  the 

to   the   radius  (Fig.   Ii8,  rf),  and   is 

The   edges  of  the   wound   are   elevated   and 

hand   strongly  flexed,  and   the  carpal  bones 


Fic  iiE. — Eicision  of  ihc  wrisl:  a,  rriilial 
incision;  bb^  ulnar  incision;  liii.voa  L^n- 
genl>cck*s  incisiun. 


incision  on  the  dorsum.  It  is 
second  metacarpal  bone  up  on 
about  4  inches  long, 
retracted   laterally,  the 


removed  one  by  one.  This  incision  is  less  convenient  than  the 
bilateral  method,  and  is  attended  with  the  sacrifice  of  more  tendons, 
as  well  as  adding  to  the  difficulties  of  an  already  complicated  oper- 
ation. The  length  of  time  necessary  to  perform  the  carpal  e.vcisions 
renders  the  use  of  the  tourniquet  objectionable  on  account  of  the  sub- 
sequent tendency  to  hemorrhajje. 

Sxcision  of  the  Hip-joint. — This  is  usually  a  "partial"  excision, 
for  only  the  upper  extremity  of  the  femur  is  removed.  Anatomically 
we  have  to  deal  with  a  comparatively  simple  joint  which  is  deeply  sur- 
rounded by  large  muscles.  The  numerous  methods  of  excision  differ 
mainly  in  the  situation  of  the  primary  incision.  The  most  favorable 
location,  however,  is  the  outer  and  posterior  aspect. 

Von    Langenbeck's    Method    (Fig,    iig,   n). — The    thigh   is    held 
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flexed  at  an  angle  of  45  degrees  and  rotated  inward.  An  incision  about 
4I  inches  long  is  made  over  the  great  trochanter,  parallel  with  the  shaft 
of  the  femur,  two-thirds  of  which  will  be  above  the  trochanter,  and  con- 
sequently over  the  joint.  The  gluteal  muscles  will  be  divided  more  or 
less  in  the  direction  of  their  fibers,  and  thus  the  incision  is  carried  down 
to  the  bone  and  capsule.  The  latter  is  opened  in  the  line  of  the  orig- 
inal indsion  as  well  as  by  a  secopd  transverse  incision  close  to  the 
acetabulum.  The  muscles  are  severed  from  their  trochanteric  attach- 
ment, the  ligamentum  lores  divided,  and  the  head  of  tlie  bone  turned 
out  into  the  wound.  Denudation  will  be  extended  as  may  be  neces- 
sary, and  the  exposed  bone  excised. 
The  acetabulum  should  be  curetted. 
It  is  safer  to  drain  the  wound. 

Ollier's  Method  (Fig.  1 19,  *).— This 
method  .sacrifices  none  of  the  gluteal 
muscles  and  preserves  as  much  of  tlie 
capsule  as  is  possible.  The  incision  is 
a  curved  one,  beginning  about  3  inches 
below  the  crest  of  the  ilium,  midway 
between  the  anterior  and  posterior 
spines  of  the  ilium.  It  is  carried 
downward  and  backward  to  the  great 
trochanter,  severing  only  the  skin  and 
ra.scia,  thence  along  the  shaft  of  the 
femur,  through  all  the  muscles,  down 
to  the  bone.  Its  length  will  be  about 
5  inches.  The  lips  of  the  wound  are 
retracted,  and  the  gluteus  niaximus 
will  be  seen  to  be  posterior  to  the  in- 
cision, and  the  fibers  of  the  gluteus 
mcdius  are  in  the  Hne  of  the  incision. 
These  arc  to  be  separated,  and  not  di- 
rided;  likewise  the  fibers  of  the  gluteus 
minimus.  The  smaller  muscles  about 
the  trochanter  and  neck  of  the  femur, 

such  as  the  pyriformis,  gemcUi,  and  obturators,  may  be  severed  or  retracted 
and  the  capsule  exposed.  The  next  step  consists  in  opening  the  up|ier 
surface  of  the  capsule  from  the  acetabulum  to  the  great  trochanter; 
then,  by  means  of  the  elevator,  the  capsule,  periosteum,  and  tendons  arc 
removed  from  the  upper  extremity  of  the  femur.  The  head  of  the  bone 
is  to  be  dislocated  into  the  wound,  the  ligamentum  teres  severed  if  it  is 
not  already  destroyed,  and  the  head  firmly  grasped  by  forceps  and  then 
excised  as  extensively  as  may  be  necessary.  The  acetabulum  is  to  be 
curetted  as  occasion  demands.  The  wound  is  tre.itcd  according  to 
general  principles.  The  after-treatment  consists  in  fixation  and  moderate 
extension  of  the  leg. 

Anterior  Incision. — The  hip-Joint  may  be  approached  by  an  ante- 
rior indsion  about  4  inches  long,  extending  from  below  the  anterior 
superior  spine  of  the  ilium  toward  the  knee,  roughly  parallel  with  the 
inner  border  of  the  sartorius.  No  muscles  need  be  severed.  The  joint 
B  pUccd  nearer  the  surface,  but  the  acetabulum  is  not  so  well  exposed. 


FlC,  119. — Excision  (iT  Ihe  hip:  afl, 
von  L^ngcabcck's  mcibud ,  bb.  Ollicr's 
mcihud. 
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This    route   has   some    advantages,   but   the   lateral   incision    is    the 

favorite. 

Excision  of  the  Knee-joint. — The  success  of  this  operation 
depends  upon  obtaining  ankylosis  in  the  extended  position,  and  the 
excision  shotild  be  "  complete."  Anatomically  the  knee  is  the  largest 
articulation  depending  upon  ligaments  for  its  strength. 

The  semilunar  incision  is  the  one  most  used  (Fig.  i2o).  The  knee 
is  held  partially  flexed,  and  the  knife  is  entered  at  the  posterior  and 
upper  part  of  one  condyle,  and  then  carried  down 
across  the  front  of  the  joint,  about  |  inch  below 
the  patella,  then  up  to  a  corresponding  point  on 
the  opposite  condyle.  This  incision  includes  only 
the  skin.  The  knee  is  then  to  be  flexed  a  little 
more,  the  ligamentum  patella;  is  divided,  and  then 
the  lateral  ligaments,  and  finally  the  capsule  is 
severed,  thus  opening  the  joint.  The  knee  is 
flexed  still  more,  and  by  rotating  the  leg  the  cru- 
cial ligaments  may  be  severed;  but  the  strong 
posterior  ligament  is  to  be  preserved.  Elevate  the 
flap,  completely  flex  the  leg,  and  free  the  condyles 
according  to  the  conditions.  As  a  rule,  remove  as 
little  bone  as  is  necessary,  particularly  in  children. 
Remove  the  articular  surface  of  the  condyles  by 
sawing  from  before  backward  in  the  horizontal 
plane  of  the  articulation,  and  not  at  right  angles 
to  the  femoral  shaft,  otherwise  the  deformity  of 
knock-knee  or  bow-legs  may  be  produced. 

The  semilunar  cartilages  should  be  removed 
and  the  extremity  of  the  tibia  made  to  protrude 
from  the  wound ;  then,  by  sawing  from  before 
backward,  a  thin  lamina  of  bone  is  removed  in  the 
plane  of  the  joint,  injury  of  the  soft  parts  being 
guarded  against  by  retractors,  and  of  the  popliteal 
vessels  by  breaking  off  the  last  portion  of  this 
lamella.  The  patella  should  then  be  removed  according  to  the  judg- 
ment of  the  operator.  All  portions  of  the  capsule,  as  well  as  all  dis- 
eased spots,  should  be  thoroughly  removed.  The  ends  of  the  bones 
should  meet  in  perfect  approximation,  and  may  be  wired  or  not.  and 
the  wound  closed  with  or  without  drainage,  according  to  the  nature  of 
the  case. 

The  after-treatment  calls  for  absolute  rest  and  perfect  fixation  of  the 
limb.  If  the  wound  does  not  suppurate,  a  good  result  may  be  ex- 
pected ;  otherwise  the  case  will  be  very  tedious,  and  often  a  source  of 
much  pain.  The  results  following  this  excision  are  not  very  favorable, 
50  that  cases  of  faulty  ankylosis  are  best  corrected  by  osteotomy. 

Other  methods  of  exci.'iion  differ  principally  as  to  the  line  of  incision, 
Sxcision  of  the  Ankle-joint. — Kxcision  of  the  ankle-joint  was 
formerly  practised  quite  extensively,  but  nevertheless  the  results  were 
not  gratifying.  Severe  compound  fractures  about  the  ankle-joint  were 
commonly  treated  by  either  excision  or  amputation,  but  the  present 
surgical  methods  have  rendered  excision  almost  obsolete  for  this  class 
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of  cases.  Gunshot  wounds  no  longer  call  for  excision  as  a  routine. 
Tuberculosis  at  the  ankle-joint  is  commonly  overcome  by  other  meas- 
ures ;  or  if  the  joint  is  seriously  disorganized,  amputation  gives  a  more 
serviceable  leg.  Operation  is  furthermore  discouraging  on  account  of 
the  lai^e  number  of  excisions  which  are  followed  by  amputation.  Cases 
of  faulty  ankylosis  are  best  tested  by  osteotomy  rather  than  excision. 
The  after-treatment  is  tedious  and  uncertain,  and  frequently  demands 
considerable  mechanical  skill  in  the  application  of  splints  so  as  to  obtain 
fixation  and  at  the  same  time  permit  surgical  dressings  to  be  applied 
where    the  wound  has  suppurated. 

The  ankle-joint  is  a  hinge-joint,  well  supported  by  bone  and  held  by 
strong  ligaments.  The  operator  must  be  familiar  with  the  anatomy  of 
the  lower  extremity  of  the  tibia  and  fibula,  the  astragalus,  and  the  os 
calcis.  The  lateral  hgaments  are  strong,  but  the  anterior  and  posterior 
are  weak.  Many  tendons  surround  this  joint,  all  of  which  are  impor- 
tant in  strengthening  it,  and  should  not  be  cut  during  the  operation. 
Behind  the  outer  malleolus  are  the  t%vo  peronei  tendons,  which  follow 
along  the  outer  subcutaneous  surface  of  the  os  calcis  ;  and  internally, 
behind  the  inner  malleolus,  are  in  general  the  plantar  flexor  muscles 
of  the  foot  and  toes.  Anterior  to  the  joint  are  the  dorsal  flexors,  but 
the  tendo  Achillis  is  at  a  safe  distance  posteriorly.  The  tibial  ner\'es 
and  vessels  need  not  be  injured. 

Lauenstein's  Operation  {Fig.  I2l).— The  advantage  of  this  method 
is  diat  the  joint  can  be  well  exposed  by  a  single  incision.     This  incision 


FIG.  III.— ExcisioD  □(  Ihe  ankle. 

begins  near  the  shaft  of  the  fibula,  about  2  inches  above  the  malleolus, 
and  is  carried  down  just  below  the  extremitj'  oi  the  bone,  and  then 
curves  forward  toward  the  dorsum  of  the  foot,  terminating  in  the  vicinity 
of  the  astra^aloscaphoid  articulation.  Over  the  fibula  the  incision  should 
be  carried  to  the  bone,  then  with  the  elevator  the  periosteum  is  reflected 
backward,  carrying  with  it  the  two  peronei  tendons  undisturbed  in  their 
sheath.  The  periosteum  is  likewise  reflected  from  in  front  of  the  fibula. 
The  external  lateral  ligament  is  to  be  cut.  and  then  the  malleolus  entirely 
exposed,  and  at  this  point  the  lower  inch  or  more  of  this  bone  removed 
bj-  saw  or  forceps. 

Continuing  with  the  elevator,  the  anterior  and  then  the  posterior  sur- 
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faces  of  the  lower  extremity  of  the  tibia  arc  to  be  exposed,  during  which 
process  the  tendons  and  other  structures  are  to  be  retracted  respectively 
fonvard  or  backward.  It  will  now  be  possible  completely  to  invert  the 
foot  at  this  articulation,  thereby  exposing  the  joint-surfaces  of  the  tibia, 
fibula,  and  astragalus  (Kig.  122).  These  surfaces  are  to  be  treated 
according  to  the  principles  governing  cases  of  resection,  as  considered 
above.  It  is  advisable  to  remove  as  httle  tissue  as  is  consistent  with 
expediency.     TJie  foot  is  then  to  be  replaced  and  the  wound  closed. 
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FiC.  raa. — Rejection  of  the  ankle. 


Bilateral  Incision. — The  outer  incision  is  carried  down  over  the 
fibula  as  above;  but  at  the  tip  of  the  bone  it  is  usually  carried  only  a 
short  distance  either  forward  or  backward.  The  internal  incision  is  a 
short  one  over  the  lower  portion  of  the  internal  surface  of  the  tibia 
and  internal  malleolus.  Through  this  incision  the  periosteum  and  liga- 
ments are  removed  from  this  bone,  and  through  the  external  incision 
the  parts  are  treated  as  in  the  unilateral  operation.  When  the  diseased 
tissue  has  been  removed,  the  wounds  are  to  be  closed. 

After-ti-catiiifut. — Favorable  cases  can  be  closed  without  drainage, 
and  the  leg  fixed  with  plaster  of  Paris  ;  but  such  results  are  not  the 
nrfe.  The  cause  of  operation  in  most  instances  is  such  that  suppuration 
is  unavoidable,  and  this  complication  renders  the  after-treatment  labo- 
rious and  very  uncertain  as  to  its  outcome.  The  problem  is  to  main- 
tain fixation  and  rest  with  the  foot  in  good  position,  and  yet  allow  access 
to  the  wound  for  dressings.     Various  contrivances  may  be  used,  such 
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as  fenestrated  plaster  casts,  posterior  wire  splints,  or  even  a  special  appa- 
ratus for  particular  cases.  The  discoura{;ing  feature  in  most  of  these 
suppurative  cases  is  that,  after  months  or  years  of  treatment,  ampu- 
tation  must  be  resorted  to  in  order  to  obtain  a  useful  limb. 

Arthrectomy  or  Erasion  of  a  Joint. — The  close  relation 
between  arthrectomy  and  excision  is  such  that  this  method  of  treating 
diseased  joints  should  be  considered  briefly  in  this  connection.  By  the 
term  arthrectomy  or  erasion  of  a  joint  we  mean  the  thorough  exposure 
of  the  joint  by  one  method  or  another,  together  with  the  thorough 
removal  of  the  diseased  tissue  alone.  Hence  this  method  cannot  be 
applied  to  extensively  diseased  bones  and  joints,  but  only  to  cases 
where  the  destruction  is  still  superficial.  It  is  practically  a  curetting  of 
the  joint,  and  is  to  be  used  particularly  in  the  early  stages  of  articular 
disease.  The  operation  niu.st  always  be  performed  with  care,  and  it 
requires  experience  to  determine  when  all  the  pjithological  tissue  has 
been  removed,  particularly  in  tiie  cancellated  bone.  Arthrectomy  offers 
the  advantage  of  a  little  or  no  shortening  of  the  limb,  as  well  as  but 
slight  tendency  to  deformity.  For  the  reason  that  it  is  a  mea.'iure  suit- 
able for  early  cases,  the  results  are  more  favorable  than  those  following 
excision. 

As  a  rule,  each  joint  must  be  exposed  by  the  methods  used  in  excis- 
ion of  the  same  joint ;  but  the  loss  of  tissue  and  the  mutilation  neces- 
sary in  the  two  operations  are  very  difierent,  hence  the  better  immediate 
prognosis  in  cases  of  arthrectomy.  In  point  of  fact,  most  cases  of 
excision  are  modified  by  the  operation  of  erasion.  For  the  reason  tliat 
the  e.xact  condition  of  a  diseased  process  in  a  joint  can  often  be  deter- 
mined only  after  it  has  been  opened  and  e.vplored,  it  is  well  to  begin  the 
operation  with  the  idea  of  performing  an  arthrectomy.  Kxtrcme  cases 
trf  joint-di.scase  will  probably  be  more  benefited  from  all  points  of  view 
if  an  amputation  is  performed  at  the  outset,  thus  avoiding  a  long  period 
of  suppuration  with  possible  serious  consequences. 


OSTEOTOMY. 

Osteotomy  is  the  term  used  to  describe  any  division  of  a  bone  in 
situ :  but  practically  it  me.ans  the  division  of  bone  for  the  relief  of 
deformity.  This  limits  the  operation  to  the  correction  of  deformity  fol- 
lowing fracture,  of  the  distortion  of  rickets,  and  of  certain  ankyloses  fol- 
lowing joint -disease. 

Osteotomy  may  be  performed  either  with  the  saw  or  with  the  osteotome. 
The  latter  is  to-day  the  instrument  of  choice  for  nearly  all  operations  of 
tliis  cl;iss.  It  call  be  handled  with  equal  or  greater  precision,  though  it 
requires  rather  more  skill  than  the  saw.  It  involves  less  risk  of  injury 
1(1  the  .soft  parts,  and  docs  not  fill  the  wound  with  bone-dust  and  chips, 
which  maj-  be  innocuous,  but  may  act  as  foreign  bodies  and  become  the 
sLirting-point  of  an  infection. 

The  osteotome  in  common  use  is  that  of  Macewen — substantially^a 
simple  chisel,  but  with  an  edge  not  bevelled,  but  ground  evenly  from 
both  surfaces.  The  sides  are  straight;  the  cutting-edge  is  straight  and 
of  a  width  of  3  to  J  inch,  usually  about  ^  inch.  It  is  well  to  have 
flSteotomes  of  different  thicknesses,  so  that  the  thinner  may  be  used  to 
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complete  the  cutting  with  less  risk  of  becoming  wedged  or  of  splintering 
the  bone.  Markings  on  the  blade  at  J-inch  intervals  make  it  easy  to 
judge  of  tile  depth  reached  by  the  cut.  The  mallet  used  is  preferably 
a  moderately  light  carpenters'  wooden  mallet,  rather  than  the  steel  or 
lead  ones  sometimes  advocated. 

For  the  performance  of  the  operation,  the  limb,  after  careful  anti- 
septic preparation,  is  placed  firmly  on  a  sand-bag,  and  an  incision  is 
made  at  the  desired  point. 

There  is  rarely  need  of  the  free  incision  often  advised ;  the  small 
space  needed  for  inserting  the  osteotome  is  gained  by  a  short  scalpel -cut 
reaching  to  the  bone,  though  it  is  often  practicable  to  drive  the  chisel 
itself  through  the  skin  and  down  to  the  bone.  The  bone  once  reached, 
the  blade  is  turned  to  tlic  desired  position,  avoiding  damage  to  the 
periosteum,  and  the  bone  is  cut  with  repeated  hammer-strokes,  the 
chisel  being  firmly  held  in  the  left  hand,  the  outer  side  of  which  should 
rest  on  the  skin,  to  avoid  slipping.  After  each  cut  the  chisel  should  be 
shghtly  lifted  or  rocked  by  the  left  hand  to  avoid  wedging;  it  should 
never  be  removed  from  the  bone,  as  the  cut  made  may  easily  be  lost. 
The  osteotome  is  to  be  directed  now  forward,  now  backward,  as  needed  to 
ensure  cutting  the  full  width  of  the  bone,  until  about  two-thirds  or  three- 
fourths  of  the  thickness  of  the  bone  has  been  traversed,  when  an  attempt 
is  made  to  correct  the  deformity.  The  mechanism  is.  in  children,  a 
bending  of  the  uncut  portion  with  gaping  or  impaction,  as  the  case  may 
be,  of  the  opposite  side.      In  adults  the  bone  more  usually  breaks  across. 

Cunci/onii  ostfotomy  is  required  only  where  there  is  much  deformity. 
In  such  cases  the  wedge  removed  will  correspond  to  the  deformity; 
but  it  is  always  less  in  width  than  would  theoretically  be  needed  to 
ensure  a  full  correction.  Here  again  correction  may  be  obtained  with- 
out cutting  through  the  entire  bone.  The  operation  requires,  of  course, 
a  larger  incision  than  linear  osteotomy,  in  order  to  allow  for  cutting  as 
well  as  the  subsequent  removal  of  the  wedge.  It  is  a  severe  as  well  as 
a  somewhat  more  difficult  operation.  In  certain  cases,  as  in  bony  anky- 
losis of  the  knee  in  the  flexed  position,  it  is  essential  to  remove  bone; 
but  unless  the  total  thickness  of  bone  is  very  considerable,  a  very  accu- 
rate adjustment  of  the  cut  surfaces  is  not  essential  to  the  result. 

Osteotomy  for  Faulty  Ankylosis  of  the  Hip-joint. — This 
operation  is  carried  out  in  the  treatment  of  certain  cases  of  ankylosis  in 
which  the  hip  is  fixed  or  its  motion  limited  in  such  a  way  that  the 
normal  erect  attitude  is  impossible.  This  includes  not  only  the  cases 
of  actual  ankylosis  of  the  joints,  but  cases  in  which  there  is  some  httle 
motion  preserved  at  the  hip,  and  in  which  the  position  of  the  limb  is 
such  as  to  preclude  normal  use.  Most  usually  these  operations  are 
done  to  better  the  condition  of  imperfectly  cured  tubercular  disease. 
The  result  aimed  at  is  in  no  sense  a  restoration  of  joint-function,  but  a 
fresh  ankylosis  in  improved  position. 

The  osteotomy  is  performed  either  through  the  femoral  neck  or 
across  the  shaft  below  the  trochanter. 

I.  Through  the  Neck  of  the  Pcmar  {Adams' s  Ofcratii'ii)  (Fig.  123, 
A). — Adams  writes:  "The  narrow-bladcd  knife  is  pushed  in  till  it 
reaches  the  neck  of  the  femur,  at  a  right  angle  across  the  front  of  which 
it  is  then  carried.     The  knife  is  then  gently  moved  to  cut  a  space  for 
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the  easy  insertion  of  the  saw,  which,  traversing  tlie  course  of  the  knife, 
reaches  the  front  of  the  neck  of  the  femur,  and  gradually  cuts  it  com- 
pletely through.  The  surgeon  cuts  until  he  feels 
that  the  saw  is  free  of  the  bone,  and  moving  in 
the  soft  tissues  only  behind  the  bone."  The 
point  for  beginning  the  incision  is  about  a  finger's 
breadth  above  the  great  trochanter.  The  saw 
used  for  this  operation  is  the  special  one  shown 
in  Fig.  t34. 

The  operation  may  be  performed  equally  well 
with  the  osteotome;  the  incision  is  made  in  the 
same  way.  the  osteotome  introduced  and  turned 
to  a  right  angle  with  the  femoral  neck,  which  is 
then  simply  divided  across. 

The  operation  has  certain  drawbacks :  first,  it 
is  inapplicable  in  the  frequent  cases  in  which  the 
femoral  neck  is  shortened  or  absorbed  as  a  re- 
sult of  disease;  secondly,  satisfactor>'  reposition 
is  not  always  easy  after  the  bone  is  completely 
diiided. 

II.  Through  the  Shaft  of  the  Femur  below  the  Trochanter 
(Cant's  Operation)  (Fig,  123,  B). — The  incision  for  this  operation  is  ij 
inches  below  the  trochanter  major ;  it  may  well  be  made  with  the  chisel, 
which  is  driven  through  the  skin  directly  inward  till  it  reaches  the  bone, 


Fig,  133, — OiWolmny  (br 
ankylosis  ot  hip:  A.  Lntra~ 
c.ip^ulqr  (Adnm&'s)  opera- 
tion ;  D.  ntracnpsuLor 
(G,ml'a)  opcTaiion, 
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and  then  turned  till  the  blade  is  at  right  angles  to  the  hne  of  the  femoral 
shaft.  The  bone  is  cut  across  just  below  the  lesser  trochanter.  It  is 
well  not  to  divide  the  bone  entirely,  but  to  leave  a  small  portion  to  be 
broken  when  the  deformity  is  corrected,  thus  ensuring  bettor  apposition 
of  the  fragments.  The  limb  i.s  put  up  with  proper  correction  of  previous 
deformity  ;  and  if  there  is  some  shorteninj^.  this  may  be  practically 
equalized  by  slight  abduction  of  the  leg  in  the  fixation -apparatus.  It 
may  sometimes  be  necessarj',  in  order  to  correct  fully,  to  divide  con- 
tracted bands  of  fascia  through  an  incision  anterior  to  the  joint.  Con- 
finement to  bed  for  about  six  weeks  is  necessarj'. 

The  results  are  excellent,  and,  though  it  is  theoretically  less  nearly 
correct,  this  operation  is  preferable  to  that  of  Adams  in  a  great  majority 
<rf  cases.  The  longer  incision  and  the  excision  of  a  wedge,  advocated  by 
Volkmann,  seem  to  be  unnecessary  in  practice. 

An  operation  is  described  (Volkmann)  by  which  correction  of  the 
(icformily  is  attained,  and  an  attempt  made  to  secure  a  serviceable  false 
joint.  The  bone  is  cut  across  below  the  trochanters,  and  the  upper  end 
of  the  shaft  shortened  to  give  room,  and  rounded  off  to  fit  into  a  cup 
scooped  out  of  the  trochanter.  Cases  are  reported  sufficiently  success- 
ful to  show  the  possibility  of  such  a  result,  but  the  method  is  as  yet 
insufficiently  tried  to  be  regarded  as  established. 
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Osteotomy  for  Genu  Valgum. — This  operation  is  performed  in 
all  adult  cases  nf  knock-knci;  requiring  treatment,  and  in  children  in 
most  cases  in  which  the  dcfomiitj-  that  follows  active  rickets  has  takeni 
place.  It  has  been  done  as  early  as  the  third  year ;  but  [lermanently  got)d 
results  may  be  more  conlidently  expected  if  four  years  be  taken  as  the 
limit.  Various  open  operations  for  the  rectification  of  knock-knee  have 
been  performed,  to  .say  nothing  uf  the  methods  of  forcible  correction, 
osteoclasis,  etc. ;  but  the  only  operation  accepted  as  a  routine  measure 
to-day  is  the  supra  condyloid  osteotomy.  Tlie  deformity  in  the  usual 
form  of  knock-knee  depends  essentially  upon  a  relative  overgrowth  of 
the  inner  condyle  of  the  femur.  This  cannot  be  perfectly  corrected; 
but  by  changing  the  direction  of  the  bone  just  above  the  growing 
epiphysis,  a  straight  general  line  is  given  to  the  leg,  and  the  deformity 
resulting  from  the  operation  is  trifling  (Fig.  125). 

Macewen's  Supracondyloid  Osteotomy  of  the  Femur. — For  this 
operation   the  flexed  knee  is  laid  on   its  outer   side  on  a  sand-bag, 

and  a  longitudinal  incision  is  made  at  a 
point  \  to  \  inch  above  the  adductor  tu- 
bercle, anterior  to  the  insertion  of  the  ad- 
ductor magnus.  Hither  a  .scalpel  is  used, 
or  the  osteotome  is  driven  directly  into  the 
bone,  and  then  tvirncd  into  such  position 
that  it  will  divide  the  bone  in  a  direction 
outward  and  sufficiently  upward  to  avoid 
the  epiphyseal  cartilage  (Tig.  125).  Care 
must  be  taken  to  move  the  chisel  suf- 
ficiently to  prevent  its  becoming  wedged, 
and  to  direct  it  forward  and  backward 
enough  to  ensure  cutting  the  anterior  and 
posterior  walls  of  the  bone  completely 
through.  When  two-thirds  or  three- 
fourths  of  the  bone  has  been  divided,  an 
attempt  should  be  made  to  correct  the  de- 
formity. If  the  division  has  been  properly 
carried  out,  the  outer  cortical  layer  of  the 
bone  bends  or  breaks,  and  there  is  impac- 
tion on  the  inner  side,  giving  a  complete 
correction  with  fi.vation  of  the  fragments. 
Neither  drainage  nor  sutures  arc  neces- 
sary. A  plaster-of-Paris  bandage  is  worn  for  about  four  weeks,  and  the 
child  allowed  to  stand  on  the  leg  at  about  .six  weeks,  or  even  less,  after 
operation.  The  functional  as  welt  as  the  esthetic  results  are  excellent; 
the  mortality  is  trifling  (less  than  \  per  cent). 

Accidental  wounding  of  the  anastomotica  magna  and  injury  to  the 
peroneal  nerve  should  be  mentioned  as  rare  complications  tliat  have 
occurred  in  connection  with  this  operation. 

Osteotomy  of  the  Shaft  of  the  Femur  from  the  Outer  Side— 
The  thigh  is  adducted  and  inverted,  and  a  short  transverse  incision,  2 
inches  above  the  external  condyle,  is  carried  through  the  iliotibial  band 
to  the  bone.  The  chisel  is  then  inserted  and  the  shaft  cut  through 
transversely  till  the  outer  surface  is  nearly  reached;  the  correction  is 


Fig.  ia5' — Seclion  i>\  femur  in 
knock- kner.  showing  line  of  sec- 
lion  in  Macewtn's  operation. 
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then  carried  out  as  before.  In  this  operation  there  is  gaping  rather 
than  imiMctioii  of  the  cut  surfaces. 

This  operation,  thouj^h  unobjectionable,  has  largely  been  abandoned 
for  that  of  MacKwen. 

Osteotomy  for  Faulty  Ankylosis  of  the  Knee-joint. — In 
cases  of  ankylosis  in  which  forcible  straightening  is  contra-indicated  or 
impossible,  a  linear  osteotomy  above  tlie  condyles  may  be  done,  differ- 
ing from  the  typical  MacEwen  operation  only  in  that  the  anterior  wail 
is  completely  divided,  and  the  posterior  instead  of  the  external  wall 
left  uncut,  to  be  broken  acro.ss  by  the  manipulations  for  correction. 
It  may  often  be  wise  not  to  attempt  full  correction  immediately,  but  to 
secure  a  parti;d  correction,  and  reach  the  final  result  by  straightening 
the  knee  a  little  more  at  each  dressing.  An  advantage  of  this  opera- 
tion is  that  it  makes  it  possible  to  preserve  and  use  such  motion  as 
may  have  been  present  before  correction. 

Tile  operation  is  an  excellent  means  of  correcting  faultj'  ankyloses 
up  to  about  45  degrees  of  flexion;  more  extensive  fle.xion  with  anky- 
losis is  usually  better  treated  by  a  wedge-shaped  excision  of  the  joint; 
or  linear  osteotomy  of  the  tibia  just  below  the  knee  may  be  added  to 
the  osteotomy  of  the  femur. 

Osteotomy  of  tie  Tibia. — Three  operations  are  done  on  the 
tibia — linear  osteotomy  just  below  the  tuberosities,  performed  in  knock- 
knee  or  in  ankylosis  of  the  knee;  linear  osteotomy  of  the  shaft  for  the 
correction  of  bowlegs  or  deformed  fractures;  and  cuneiform  osteotomy 
for  the  same  purpose. 

Osteotomy  of  the  Tibia  below  the  Tuberosities — A  transverse 
incision  is  made  just  below  the  tuberosities  of  the  tibia,  carried 
from  the  spine  backward  across  the  inner  side,  and  the  bone  divided 
transversely,  the  chisel  being  driven  from  within  outward  as  the  poste- 
rior portion  of  the  bone  is  reached,  and  great  care  being  taken  to  avoid 
injury  of  the  structures  at  the  outer  side. 

Hy  another  method,  an  anterior  longitudinal  incision  is  used,  and 
bent  retractors  are  iiitroduced  behind  the  bone,  between  it  and  the  soft 
parts,  thus  protecting  the  popliteal  space  from  the  final  blows  of  the 
chisel. 

The  fibula  is  not  always  divided  in  this  operation,  but  the  danger 
of  injuring  the  peroneal  nerve  is  said  to  be  lessened  when  this  bone  is 
carefully  chiselled  across.  For  this  purpose  an  incision,  a  little  below 
the  fibular  head,  is  carried  direct  to  the  bone,  which  is  divided  with  the 
osteotome. 

According  to  Kocher,  the  liability  to  damage  of  this  nerve  during 
thtf  reduction  is  less  if  a  ioeif_^i--shapeii  osteotomy  of  the  tibia  is  resorted 
to,  as  Ic^iS  force  need  be  used. 

Linear  Osteotomy  of  the  Tibia. — This  is  the  operation  of  choice 
for  such  bowlegs  as  cannot  be  dealt  «ith  by  osteoclasis — especially 
for  the  "anterior  bowlegs,"  in  which  the  bend  is  usually  a  sharp 
and  well-localized  one,  and  for  bends  very  near  the  epiphyses. 

A  rather  broad  osteotome  is  introduced  through  a  knife-cut  at  the 
point  of  maximum  curve;  the  bone  is  partly  divided  transversely,  and 
the  correction  completed  by  the  fracture.  \\'hcn  there  is  marked 
licfomiity,  the  posterior  wall  of  the  tibia  may  be  chiselled  first ;  then 
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there  will  be  a  gap  posteriorly  instead  of  an  anterior  impaction.  In 
this  way  something  may  be  saved  in  the  matter  of  shortening.  Fre- 
quently a  tenotomy  of  the  tendo  Achillis  is  necessary  to  a  full  and 
easy  correction.  Chiselling  of  the  fibula  is  rarely  required  ;  the  bone 
gives  way  in  a  green-stick  fracture  as  the  tibia  is  corrected. 

Tlie  operation  for  deformity  after  fracture,  not  infrequently  per- 
formed in  this  situation,  is  essentially  the  same,  save  that  the  fibula  in 
these  cases  should  usually  be  divided  through  an  appropriate  external 
incision. 

Trcndt'lenburg'.s  supramalleolar  osteotomy  for  the  relief  of  flat-foot 
is  practically  the  same  operation. 

Cuneiform  Osteotomy  of  the  Tibia. — This  operation  is  rarely 
required,  and  is  performed  only  in  cases  in  which  the  deformity  is 
extreme,  and  consists  of  a  .single  bend  in  the  bone.  An  incision  is 
made  over  the  convexity  of  the  bend,  and  a  wedge,  corresponding  to 
the  degree  and  direction  of  the  deviation  to  \>e.  corrected,  is  chi.«elled 
out  and  removed.  The  base  of  the  wedge  is  usually  directed  ante- 
riorly. 

Osteotomy  for  Hallux  Valgus. — This  operation,  according  to 
Barker  and  Revcrdin.  is  an  improvement  on  the  resection  of  the  joints 
which  was  previously  practised  in  these  cases.  An  inci.-iion  is  made  to 
the  inner  .side  of  the  great-toe  joint,  long  enough  to  admit  the  osteo- 
tome about  \  inch  beliind  the  joint-line.  The  bone  is  cut  nearly 
through,  then  fractured  into  the  desired  position  and  held  by  suitable 
apparatus.  In  verj'  severe  cases  it  may  be  necessary  to  resect  a  wedge 
of  bone  at  this  joint  to  secure  the  desired  connection.  The  result  of 
either  operatinn  is  good  in  all  but  the  verj-  worst  cases. 

In  this  class  the  operation  described  by  Weir  .seems  more  complete, 
more  rational,  and  more  likely  to  give  the  best  results.  He  advocates 
cutting  the  joint-capsule  on  the  outer  .side,  with  partial  resection  of  the 
head  of  the  metatarsal,  especially  the  hypertrophied  inner  and  anterior 
surface.  The  cartilage  of  the  phalanx  is  not  cut,  so  that  motion  is 
preserved.  The  sesamoids  are  removed  (their  absence  seems  not  to 
interfere  with  perfectly  efficient  flexion).  In  some  cases  preservation 
of  the  corrected  position  of  the  toe  has  been  aided  by  transplanting 
the  extensor  proprius  hallucis  tendon  to  the  inner  side  of  the  first 
phalanx. 

Osteotomy  for  Inveterate  Club-foot. — The  removal  of  a  wedge 
of  bone  with  the  apex  at  the  inner  .side  of  the  foot  is  not  infrequently 
performed  in  cases  of  inveterate  club-foot  with  marked  deformity  which 
have  resisted  all  other  means  of  treatment. 

In  this  operation  a  wedge  is  removed  irrespective  of  bony  boundaries 
— a  wedge  composed  externally  mainly  of  the  cuboid  and  the  anterior 
end  of  the  calcaneus,  internally  cutting  through  or  including  the  sca- 
phoid. It  may,  however,  include  parts  of  all  the  tarsal  bones  (Fig.  126). 
Various  incisions  are  used.  An  ova!  may  be  excised  externally,  in- 
cluding the  callus  and  the  bursa  present  in  these  cases  over  the  cuboid, 
with  a  corre.sponding  simple  vertical  incision  at  the  inner  side.  A 
T-shaped  cut  with  the  vertical  arm  running  over  toward  the  scaphoid 
may  be  used,  or  a  simple  transverse  incision  from  the  scaphoid  across 
the  dorsum  of  the  foot  to  the  outer  side.     In  any  case,  the  next  step  is 
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Fig,  ia6. — Incisions  for  cu- 
neiform rcsptlion  of  ihe  bones 
in  dut>-fool :  a  *.  simnle  Irans* 
verse  incision:  fl^c^. T-sliapcd 
incision;  ti,  oval  inci?iion. 


the  pushing  of  the  extensor  tendons  up  and  inward,  the  peroncous 
longus  tendon  down  and  back.  The  bones  are  carefully  cleared  with 
the  periosteal  elevator;  then,  the  wound-edges  being  held  separated 
with  retractors,  a  wedge  is  removed  with  saw  or  chisel,  so  tiiat  the  foot 
can  be  brought  into  a  fully  corrected  position.  This  wedge  should  be 
so  cut  as  to  be  brought  out  in  one  piece. 

Suturing  the   bones  in  apposition  is  advocated,  but  is  not  really 
essential.     Any  hemorrhage  is  to  be  controlled,  the  external  wound 
sutured    with    or    without    drainage,   and   the 
foot  then  fixed  in  plaster-of- Paris  in  fully  cor- 
rected position. 

Union  should  be  firm  in  about  six  weeks; 
but  the  operation  should  be  followed  by  mas- 
sage and  suitable  exerci.ses.  and  a  retentive 
apparatus  worn  for  a  considerable  time  after 
this,  if  the  best  results  are  to  be  obtained. 
The  results  of  this  operation  are  good ;  but 
the  operation  is  a  severe  one,  and  usually  re- 
sults can  be  obtained  without  so  much  sacri- 
fice of  bone,  which  necessarily  results  in  con- 
siderable shortening  of  the  foot. 

A  more  rational  form  of  osteotomy  for 
club-foot  consists  in  cutting  a  wedge  from 
the  anterior  end  of  the  os  calcis,  while  a  sec- 
tion of  the  neck  of  the  astragalus,  performed 

from  the  inner  side,  practically  continues  the  line  of  the  wedge  incision, 
and  makes  full  connection  possible  with  substantially  no  loss  of  bone. 
If  this  operation  be  done,  where  needed,  as  the  last  stage  of  Phelps's 
operation — divi.^ion  of  all  resistant  structures  by  open  incision — it  gives 
a  means  of  correction  in  all  cases  save  those  with  extreme  deformity 
in  adults,  where  the  formal  wedge-shaped  osteotomy  described  above 
may  still   be    neccssar\". 

Operation  for  Talipes  Bquintis. — This  operation,  originated,  as 
was  that  for  equinovarus,  by  Davy,  is  substantially  the  o|}eration  just 
described,  save  that  the  biisc  i>f  the  wedge  removed  is  directed  upward 
instead  of  outward. 

For  the  skin-incision,  either  wedge-shaped  pieces  of  skin  may  be 
cut  out  on  either  side  corresponding  lo  the  bone-wedge  to  be  removed, 
or  T-shaped  incisions  may  be  used.  Like  the  wedge-osteotomy  for 
varus,  this  operation  entirely  disregards  bony  landmarks.  It  consists 
simply  of  stripping  up  and  proltcting  the  soft  [arts  while  such  a  bony 
wedge  is  .sawed,  (ir  better  chiselled  out.  as  will  enable  the  foot  to  be 
brought  lo  the  corrected  jiosition  and  held,  with  or  without  suturing 
the  bones  in  place.  The  after-treatment  Is  the  same  as  th.it  for  the 
varus  operation — fixation  in  a  corrected  position  till  bony  union  is 
completed;  then  massage  and  exercises  till  the  foot  is  ready  for  use. 

Operation  for  Flat-foot. — In  cases  of  extreme  flat-foot,  a  wedge- 
shaped  osteotomy  may  be  performed  according  to  the  method  of 
Golding  Bird.  The  wedge  removed  consists  of  the  scaphoid,  or  of  the 
scaphoid  and  part  of  the  astragalus.  For  the  best  correction,  the  cut 
should  extend  across  the  full  width  of  the  tarsus  to  its  outer  border. 
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In  tilis  way  adduction  of  the  front  part  of  the  foot  as  a  whole  is  pos- 
sible, and  moderately  accurate  apposition  of  the  cut  surfaces  with 
restoration  of  the  arch. 

Cyston's  opiraiion  is  a  wedge-osteotomy  of  parts  of  the  scaphoid 
and  of  the  aatrajjalus.  The  astragalus  and  scaphoid  are  pegged  in 
their  relative  positions  after  correction  of  the  foot,  the  object  aimed  at 
being  ankylosis  of  these  bones. 

Schwartz  describes  a  wedge-resection  which  is  substantially  that  of 
Golding  Bird.  The  incision  is  made  from  \  inch  in  front  of  Che  internal 
malleolus  to  the  first  cuneiform  bone.  The  soft  parts  are  stripped  up. 
and  a  wedge-cut,  irrespective  of  the  joints,  but  including  usually  the 
scaphoid  and  a  part  of  the  astragalus,  is  removed.  The  foot  is  then 
fixed  in  corrected  position,  the  internal  cuneiform  and  the  neck  of  the 
astragalus  coming  in  contact. 

In  relation  to  these  operations,  it  is  to  be  remembered  that  they  all 
neces.sarily  sacrifice  something  of  the  "  length  "  and  of  the  elasticity  of 
the  foot,  and  can  in  no  proper  sense  cure  the  deformity  ;  while  it  is  pos- 
sible by  mobilization,  forced  correction,  mechanical  support,  and  exer- 
cises actually  to  cure  many  cases  and  to  give  great  relief  to  nearly  all. 

Golding  Bird  would  limit  operation  to  such  cases  as  have  persistent 
pain  irrespective  of  support  and  correction,  due.  he  thinks,  to  crowding 
together  of  the  structures  at  the  outer  side  of  the  font.  It  is  certain 
that  the  class  of  cases  of  flat-foot  to  be  operated  upon  is  confined  to 
those  in  whom  nothing  is  to  be  gained  by  other  treatment,  and  in  whom 
the  relief  of  pain  and  the  fair  functional  results  attainable  by  the  oper- 
ation distinctly  offset  its  disadvantages.  This  class  of  cases  is  decidedly 
a  small  one. 

Operative  Treatment  of  Ununited  Fracture.— -In  the  treat- 
ment of  ununited  fracture  of  the  long  bones — femur,  tibia,  and  the 
bones  of  the  upper  and  lower  arm — many  authors  have  recommended 
various  measures  to  promote  union  without  actual  resection.  These 
would  seem  of  little  or  no  value  in  well-established  ca.ses  of  non-union. 
There  are,  of  course,  the  frequent  cases  nf  delayed  union,  not  definitely 
separated  as  a  class,  in  which  union  finally  occurs  apparently  irre- 
spective of  treatment.  In  the.se  cases  no  resection  is  needed;  and  now 
that  we  have  the  assistance  of  the  ^-rays.  it  will  probably  be  possible 
to  separate  the  cases  in  which  resection  is  advisable,  the  established 
pseudarthroses  in  which  no  further  repair  is  to  be  expected.  These 
are  of  two  classes — those  in  which  a  new  joint  has  been  formed,  often 
a  rough  ball-and-socket  joint;  and  those  in  which  there  has  been  not 
a  new  growth,  but  rather  an  actual  absorption  of  the  bone-ends. 

Many  methods  of  resection  of  bone-ends  for  these  cases  have  been 
described,  usually  differing  only  in  minor  details  of  no  very  definite 
value.  The  simplest  method,  and  probably  the  most  efficient,  consists 
of  a  transverse  resection  of  the  tips  of  the  fragments,  together  with 
such  external  apparatus  as  is  necessary  to  ensure  close  coaptation  of 
the  cut  surface. 

Operation  by  Resection  of  the  Ends  of  the  Bones. — This  oper- 
ation is  usually  simple,  the  points  of  most  importance  being  the  strict- 
est antisepsis,  free  incision,  and  accurate  coaptation.  The  incision  is 
so  placed  as  to  reach  the  bone  by  the  shortest  route,  and  must  be  suf- 
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ficietitly  long  to  allow  the  free  end  of  each  fragment  to  be  brought  out 
of  the  wound.  The  bones  should  be  well  denuded  of  the  tough  cica- 
trix which  surrounds  them,  and  the  denuded  ends  brought  out  within 
reach  of  the  chisel  or  saw.  This  is  important,  not  only  in  order  to 
avoid  injury  of  the  soft  parts,  but  to  make  die  section  of  the  bones 
more  accurate.  Either  chisel  or  saw  may  be  used,  preferably  the  latter, 
and  so  much  of  the  ends  cut  away  as  may  be  necessary  to  give  a  fresh 
surface  of  spongy  bone.  Great  care  should  be  used  in  making  the 
section  accurately  transverse,  as  accurate  coaptation  of  the  fresh  sur- 
fecc  and  easy  retention  of  position  depend   largely  on  this  point. 

The  after-treatment  is  carried  out  exactly  on  the  lines  of  an  ordinary 
compound  fracture,  except  that  extra  care  is  to  be  taken  in  the  matter 
of  immobihzation. 

Operation  by  Wiring  the  Fragments. — In  this  operation  the  details 
of  preparation — incision,  the  denuding  of  the  bonc-cnds,  and  the  removal 
of  a  portion  of  the  ends — arc  carried  out  in  precisely  the  same  way  as 
for  simple  resection.  Then  holes  are  drilled  through  the  cortical  layer, 
j  to  J  inch  from  the  cut  edge,  penetrating  obliquely  to  the  cut  surface. 
The  drill  should  be  slightly  larger  than  the  wire  to  be  used.  Silver 
wire  is  chosen  for  this  purpose.  The  piece  of  wire  is  inserted  through 
the  drill-holes,  including  in  this  way  a  portion  of  each  fragment,  the 
ends  are  brought  together  on  the  outside  of  the  bone  and  twisted  together 
wilM  heavy  forceps,  cut  short,  and  the  twisted  portion  hammered  down 
so  as  to  lie  close  against  the  bone.  Whether  one  or  more  points  on 
the  circumference  of  the  cut  bone  are  to  be  sutured,  and  where  the 
sutures  are  to  be  placed,  must  be  matters  of  judgment  in  each  individ- 
ual case. 

The  question  of  the  advisability  of  using  wire  sutures  at  all  is  to- 
day a  moot  point.  On  the  whole,  the  practice  seems  to  have  little 
actual  evidence  to  support  it.  It  is  obvious  that,  even  when  freshly 
placed,  sutures  of  this  sort  are  a  very  imperfect  mode  of  fixation  ;  and 
when  wc  consider  that  the  presence  of  the  wire  determines  absorption 
of  the  bone  about  it,  with  con.sequent  loosening,  it  becomes  clear  that  the 
wire,  if  useful  at  all,  can  act  only  to  prevent  lateral  displacement.  Whether 
this  might  not  equally  well  be  attained  with  other  sutures  is  a  question. 
It  is  true  that  there  should  be  no  danger  from  sepsis  from  the  wire. 
and  its  presence  is  often  entirely  unnoticed  by  the  patient  for  long 
periods  of  time.  In  other  cases,  on  the  other  hand,  the  wire  unques- 
tionably acts  as  a  foreign  body,  ^\\A  causes  irritation,  late  suppuration, 
and  sloughing  of  the  skin  over  it.  These  cases  arc  particularly  trouble- 
some because  of  the  difRcully  of  removing  the  wire,  especially  when 
it  has  been  long  embedded. 

Apart  from  these  considerations,  the  influence  of  the  presence  of 
the  wire  on  the  process  of  repair  is  more  than  doubtful.  It  is  known 
that  suppuration  and  necrosis  may  result,  and  that  the  wire  causes 
Slime  bone-rarefaction  in  its  immediate  vicinity.  It  seems  only  fair  to 
assume  that  it  must  act  lo  some  extent  as  an  irritant,  and  in  many 
caNCS  at  least  be  prejudicial  to  union  of  the  fragments. 

From  the  standpoint  of  actual  results,  moreover,  it  may  be  said 
that  simple  resection,  with  proper  and  efficient  immobilization  of  frag- 
ments, yields  as  good  results  as  wiring. 
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Excision  of  the  Upper  Jaw  (Figs.  127-129), — ^This  operation, 
formally  carried  out,  is  practically  limited  to  cases  of  new  growths. 
Partial  excision  may  be  performed  for  a  variety  of  causes,  more  espe- 
cially for  necrosis  of  the  jaw. 

Osteoplastic  resections,  so  called,  in  which  the  portion  temporarily 
displaced  is  not  separated  from  the  soft  parts  and  is  subsequently 
replaced,  may  be  performed  in  cases  of  nasopharj'ngeal  polypus,  etc., 
wliL-n  more  room  is  needed  than  is  afforded  through  the  natural 
openings. 

For  the  complete  operation  there  are  several  methods  of  gaining 
access  to  the  parts  to  be  divided,  all  aiming  at  a  minimum  of  displace- 
ment by  the  external  incision,  as  well  as  at  ease  of  access. 

The  bones  to  be  divided  in  removing  the  whole  of  tlie  upper  jaw 
are  :  a.  the  nasal  portion  of  the  superior  maxilla ;  h,  the  external  por- 
tion of  the  maxilla,  or,  more  usually,  the 
malar  bone  itself  just  outside  the  junction; 

c.  the  orbital  plate  divided  in  combination 
with  the  cuts  dividing  a  and  b  {Fig,  127); 

d,  the  median  connection  from  the  teeth 
to  the  soft  palate.  These  points  are  di- 
vided in  much  the  same  way  in  all  de- 
scribed methods. 

The  primary-  danger  of  the  operation 
is  from  hemorrhage,  and  temporary  liga- 
tion of  the  external  carotid  has  been  cm- 
ployed  to  lessen  bleeiiing.  It  is  not.  how- 
e\-er.  usually  done.  The  free  hemorrhage 
involves  much  trouble  in  some  cases  frobi 
in^^pircd  blood,  and  some  operators  have 
preferred  to  do  uacheolomy  and  use  Tren- 
delenburg's tampon -cannula,  or,  still  bet- 
ter, insert  a  tracheolomj'  tube  and  plug 
the  throat  from  abo\-e,  Rose's  position 
has  also  been  emplo\-ed.  None  of  tliese 
measures  is  absolutely  necessary,  and  it 
must  depend  on  the  case  whether  the>'  arc  of  sufficient  value  to  make 
t4»  for  their  disadvantages,  or  whether  the  operator  will  depend  on 
ready  and  accurate  sponging. 

1^  median  Incision, — The  tj-pka!  indsion  for  the  operatioa  b  die 
metfian  (Fig.  i.:S,  .i\.  This  starts  from  a  point  a  little  below  the  inaer 
canthus.  runs  down  alongside  the  nose,  crosses  to  the  middle  of  the 
lip.  and  b  thence  carried  down  in  the  median  liite,  the  Up  ttek^  spCC 
thrwigh.  The  coronar\-  arteries  nja>-  then  be  secured,  and  the  sec- 
ond incision  canied  frooi  the  upper  end  of  tl>e  fir^  incxaoa  ootwanl 
aloi^  the  lower  et^  of  the  orhiL  The  soft  parts  are  then  sti^iped 
back  from  the  bone  and  the  %%ssels  secured.  The  nasal  cartil^es  are 
freed  from  the  bone,  and  the  nasal  process  cot  thnx^h  with  ched  or 
cuttiBg-fofeeps.  The  orbital  plate  is  then  diiSded  5trf>pcTMMtcally  oa  tibe 
same  line,  the  divtsioa  being  carried  back  to  the  spbcnonudlbn-  fissvrc 
The  next  cut  tfividcs  the  malar  bone,  and  in  foe  with  it  Ac  oftal^ 
Boor  is  a^paa  (&%-ided.     The  kmfe  will  suffice  for  tins  dhtson.    Tbc 


FIG.  197. — t  JTi  ofsectioa  of  bene 
IB OCBwa  of  Ibc  i^ipt* iav :  akid. 
tjpietl  total  n9K6oa:/(4^/>.  Oh 
Ker'i    operarioa :    -i  t/^.    Gu«i&*s 

Xraboa:  eilm.  rcmoral  at  bki. 
bdm  ortiital  lannKB. 
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soft  palate  is  separated  from  the  hard  with  the  knife  or  the  thermo- 
cauter>',  the  mucous  membrane  and  periosteum  of  the  palate  are  cut 
to  the  bone,  an  incisor  tooth  is  drawn,  and  the  whole  bony  median 
connection  is  severed  with  the  chisel  or  saw  close  to  the  nasal  septum. 
The  flap,  consisting  of  the  soft  parts  of  the  face,  is  then  dragged  back 
till  the  soft  parts  can  be  cut  back  of  the  jaw  as  far  as  the  pterj'goid 
plate.  The  jaw  can  now  be  seized  and  wrenched  down  and  outward, 
tearing  it  loose  from  its  pterygoid  attachment.  The  bleeding  is 
checked  as  far  as  possible,  the  cavity  packed,  and  the  incision  closed 
by  sutures. 

Subperiosteal  Excision  of  Oilier. — The  incision  is  made  from  a 
point  on  the  lip  just  away  from  the  comer  of  the  mouth  and  carried 
up  to  the  middle  of  the  malar  bone ;  or  the  operation  may  be  per- 
formed through  the  usual  median  incision.     The  mucous  membrane  of 


ric  laS. — J.  Median  incision  for  cxcisioa 
ot  the  upper  Jaw ;  h,  eilemot  incision  Tor  (he 
ume  tiperauon. 


Fl:;.  lag.— a.  Incision  for  OlIlrrE  sub- 
pfrioslea]  excision  of  (he  upper  jaw;  b,  tncis- 
mn  (or  Gucnn'?  operation. 


the  mouth  is  then  cut  from  a  point  opposite  the  lateral  incision,  and 
carried  close  to  the  gum  around  back  of  the  last  tooth  ;  then  for- 
ward again,  close  to  the  gum  on  the  inner  side,  opposite  the  point 
of  beginning.  From  the  beginning  of  this  incision  the  periosteum  is 
cut  obliquely  to  a  point  just  opposite  the  nostril.  Beginning  with  this 
cut,  the  periosteum  is  stripped  up  till  it  h.is  been  raised  from  the  whole 
front  surface  of  the  bone  and  from  the  whole  orbital  floor.  The  peri- 
osteum of  the  roof  of  ihe  moulli  is  then  freed,  beginning  with  the 
incision   described,  and   working  to  the  median   line. 

The  nasal  and  malar  processes  arc  then  cut  through,  as  in  the 
usual  procedure;  but  instead  of  cutting  in  the  median  line,  this  opera- 
tion leaves  hi  situ  a  wedge  of  bone  bearing  the  incisor  teeth,  the  bone- 
cuts  ninning  from  the  socket  of  the  extracted  canine  tooth  obliquely 
upward  to  the  nostril  and  obliquely  backward  to  the  median  line. 
ihcncc  directly  backward  to  the  soft  palate. 

After  removal  of  the  bone,  the  periosteal  flaps  from  the  roof  of  the 
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mouth  aiid  from  the  front  of  tiie  bone  are  sutured  together  and  the 
extiTii.il  wound  sutured. 

Excision  of  the  Upper  Portion  of  the  Superior  Maxilla. — This 
operation  aims  at  leaving  the  whole  alveolar  process  in  situ,  while 
rcmovin^j  the  diseased  upper  portion  of  the  Jaw.  The  same  incision 
is  used  as  for  total  resection,  and  the  soft  parts  are  dissected  up 
and  reflected  in  the  same  way.  The  periosteum  of  the  orbital  floor 
is  stripped  up  in  its  whole  extent,  and  the  nasal  and  malar  processes 
divided  and  the  orbital  plate  cut  in  the  typical  way.  The  isolation  of 
the  piece  Id  be  removed  is  then  accomplished  by  a  horizontal  saw-cut 
from  the  nostril  outward,  passing  above  the  teeth.  This  portion  of  the 
jaw  is  then  pried  or  wrenched  out  of  its  bed  and  removed,  lea\'ing  the 
alveolar  process  intact. 

Excision  of  the  Lower  Portion  of  the  Superior  Maxilla  iCufriti). 
— The  incision  for  this  operation  runs  from  the  ala  of  the  nose  to  the 
comers  of  the  mouth,  following  the  nasolabial  fold.  The  flap  so  out- 
lined is  dissected  up,  the  mucous  membrane  being  incised  along  the 
saw ;  the  alveolar  process  is  laid  bare,  and  an  opening  made  into  the 
nostril  from  in  front.  A  fine  saw  is  then  introduced  into  the  nasal 
cavity,  and  the  bone  di^ndcd  horizontally  outward  above  the  roots  of 
the  teeth,  from  the  nostril  to  the  lower  edge  of  the  malar  bone,  or 
through  the  malar  process.  The  soft  palate  is  ne.vt  detached  from  the 
hard  by  a  transverse  incision,  one  of  the  incisor  teeth  e.vtr^cted,  and 
the  median  connection  severed  with  chisel  or  saw.  The  portion  included 
between  these  cuts  is  then  wrenched  down  and  out  (Fig.  139). 

Resection  of  the  Posterior  Part  of  the  Hard  Palate  for  Removal 
of  Nasopharyngeal  Polyp*. — This  operation  gives  a  limited  access  to 
the  nas^ipharj  n.\  bv'  temporarily  clearing  away  the  roof  of  the  mouth. 
For  its  performance  the  mouth  is  widelj-  opened  with  a  gag.  and  an 
incision  ntade  which  splits  the  soft  palate  centralK-  for  its  full  depth 
(se«  Fijj,  130).  and  extends  forward  for  about  half  the  depth  of  the 
hard  palate.  From  the  anterior  end  of  the  incision  trans\'er^e  cuts  are 
carried  outuard,  outlining  a  flap  on  either  side,  which  is  then  <£ssected 
up  subperiosteatly.  The  square  of  hard  palate  thus  denuded  is  then 
chiscltcd  out  or  removed  with  the  saw  or  forceps.  After  the  polyp  is 
rcfDOved  the  soft  parts  are  repUced,  and  the  median  incision  dosed  as 
for  a  st^jhylorihaphy. 

Osteoplastic  ii&eseictioa  of  the  .Anterior  Portion  of  the  Palate  for 
the  Removal  of  Nasepharyngea]  Polj-ps. — The  attachment  of  the 
up|M.T  !ip  to  the  bone  from  one  btcusp^l  tooth  to  the  other  is  divided, 
thus  allowing  the  nasal  ca^Hties  to  be  open  from  the  &oat  Tlte  canioc 
teeth  are  then  removed,  and  an  iikcisaon  is  made,  extendng  froai  each 
canine  fossa  to  the  posterior  border  of  the  palate,  throogfa  ^e  MtawM. 
membrane  aitd  peiiosteum  of  the  hard  palate.  The  ihvohis  and  feid 
palate  are  then  di%ided  by  a  cbisd  along  these  hne^  Tlie  oasal  —cows 
Membrane  is  di\-i(fed.  and  this  nnss  is  turned  back  oa  tlw  vdam  as  oq 
a  hingcaifenissMo  thus  being  gained  to  the  upper  pbai>wc  After  Ae 
lemot-al  of  the  tuBor  the  resected  portkNi  is  saiared  in  phce  (Tig. 
I  jot 

ResectkMi  of  tbe  I'pper  Portioa  to  Facilitate  Reitn>\a]  •t  Nns»- 
pknryngeal  Poiyp^  leavins  tbe  lianj  Palate  and  Al'tewlar  Phkess 
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(i'o«  Langenbeck). — In  von  Langenbeck's  operation  two  incisions  are 
made,  making  two  sides  of  a  triangle  on  the  face,  with  tlie  base  toward 
the  nose.  One  incision  starts  from  the  ala  of  the  nose,  and,  curving 
slightly  downward,  ends  on  the  zygoma ;  the  other,  starting  from  the 
side  of  the  nose,  follows  the  floor  of  the  orbit  and  nose  to  the  first 
incision  at  about  the  middle  of  the  malar  bone. 

The  soft  parts  and  periosteum  are  disturbed  as  little  as  possible, 
except  along  the  floor  of  the  orbit,  where  the  periosteum  is  lifted  from 
the  bone  as  far  back  as  the  sphenomaxillarj-  fissure.  The  origin  of  the 
masseter  is  then  cut  where  it  appears  in  tlie  incision.  A  director  is 
now  passed  to  the  outer  wall  of 
the  nasal  cavily,  passing  under  the 
zygoma  and  through  the  pterjgo- 
maxillary  fissure.  A  finger  in  the 
mouth  can  detect  the  end  of  the 
director.  The  director  is  with- 
drawn, and  a  line  saw,  edge  up,  is 
passed  along  this  line.  The  malar 
portion  of  the  zygoma  is  cut  across. 
Passing  through  the  sphenomaxil- 
lary fissure,  the  floor  of  the  orbit 
is  divided,  the  incision  ending  just 
Aort  of  the  lacrimal  bone.  The 
taw  is  then  removed  and  introduced 
through  the  pterygomaxillary  fis- 
sure, edge  downward.  The  walls 
of  the  antrum  are  divided,  following 
quite  closely  the  cutaneous  incis- 
ion, and  the  lower  part  of  the  ante- 
rior nares  is  entered.  An  elevator 
■snow  introduced  into  the  pterygo- 
maxillary fissure,  and  the  separated  portion  of  the  maxilla,  with  the 
covering  of  skin  and  periosteum,  is  pried  toward  the  middle  line,  up- 
ward and  inward.  This  fragment  receives  the  blood-supply  through 
the  soft  parts  at  the  base  of  the  triangle  on  the  side  of  the  nose.  As 
the  bones  of  the  nose  are  not  much  disturbed  by  the  operation,  at  its 
close  the  resected  portion  can  usually  be  held  in  position  by  cutaneous 
sutures  and  pressure.  No  drainage-tube  is  required.  The  disadvan- 
tages of  the  operation  are  its  difficully,  resulting  paraly.sis  from  division 
of  the  branches  of  the  facial  nerve,  and  occasionally  injury  to  the  lac- 
rimal duct, 

Excision  of  the  Inferior  HazUIa. — The  whole  or  any  portion 
of  the  lower  jaw  may  be  removed.  The  incision  will  depend  on  the 
extent  and  situation  of  the  part  to  be  excised.  It  may  lie  entirely 
within  the  mouth,  or  externally  along  the  lower  border,  and.  if  neces- 
sary-, along  the  ramus  of  the  jaw.  The  following  anatomical  relations 
arc  of  importance :  The  internal  maxillary  artery  runs  forward  beneath 
the  ramus  of  the  jaw  and  along  the  lower  border  of  the  external 
pterygoid  muscle,  and  then  obliquely  upward  and  forward.  The  lin- 
gual nerve  runs  between  the  internal  pterygoid  muscle  and  the  ramus 
of  the  jaw.     Stcnson's  duct  runs  about  a  finger's  breadth  below  the: 


Fig,  130. — nuua.lneisiiin  in  resection  of 
bock  pnrt  of  the  hard  palale;  hb.  inciaiOD  in 
Oilier  s  subpcrimeal  javr-retecllotl. 
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zygoma,  with  the  facial  nerve.  The  facial  artery  crosses  the  lower 
border  of  the  jaw,  at  the  anterior  margin  of  the  masseter  muscle. 
Division  of  the  attachments  of  the  gcniohyoglossiis  muscles  to  the 
bone  deprives  the  tongue  of  its  support  and  permits  it  to  fall  back 
upon  tiie  glottis.  Therefore  it  may  be  neces.sary  to  pass  a  suture 
through  the  tongue.  At  the  close  of  any  form  of  resection  the  buccal 
mucous  membrane  and  deeper  tissues  should  be  sutured,  and  any 
drainage  that  is  necessary  done  from  outside. 

Resection  of  the  Anterior  Portion  of  the  Body. — This  may  be 
accomplished  by  any  one  of  the  following  inci.sions;  A  vertical  one  in 
the  median  line  of  the  lip,  a  curving  incision  under  the  lower  border 
of  the  chin,  or  an  incision  inside  the  mouth.  Whatever  the  incision, 
the  bone  is  cleared  of  muscular  attachments,  two  teeth  drawn  at  the 
limits  of  the  portion  which  it  is  proposed  to  excise,  the  bone  sawed 
through,  and  the  ends  drawn  together  and  fastened. 

Resection  of  the  Lateral  Portion  of  the  Body. — The  incision  starts 
from  the  angle  of  the  jaw,  and,  following  the  facial  border,  extends  to 
the  symphysi.s.  where  it  turns  upward  to  the  base  of  the  lower  lip. 
The  lip  need  not  be  divided  entirely.  The  periosteum  may  or  may  not 
be  lifted,  as  is  desired.  The  bone  is  cleared  not  quite  to  the  median 
line,  so  as  not  to  disturb  the  attachments  of  the  geniohyoglossus  mus- 
cle, and  sawed  through  at  this  jjoint,  after  a 
tooth  has  been  drawn,  if  it  is  necessary. 
The  soft  parts  are  scraped  away  from  the 
bone  as  they  are  brought  into  view,  and 
pulled  downward  and  outward.  A  tooth  is 
drawn,  marking  the  posterior  limit  of  the 
part  to  be  removed,  and  the  bone  is  sawed 
through.  The  mucous  membrane  should 
be  accurately  adjusted,  that  healing  may 
occur  as  soon  as  possible.  As  soon  after 
the  o[>eration  as  possible  an  apparatus 
should  be  worn  to  hold  the  remaining  half 
of  the  lower  jaw  in  proper  relation  to  the 
upper. 

Resection  of  the  Ramus  and  Half  of 
the  Body  (Fig.  151,  b\ — The  inci.sion,  be- 
ginning just  in  front  of  the  car,  below  the 
inferior  edge  of  the  zygoma,  is  continued  to 
the  angle  of  the  jaw,  and  along  the  inferior 
border  of  the  ramus  to  \  inch  below  the 
.symphysis,  where  it  meets  a  vertical  Incision  coming  down  from  the 
middle  of  the  lower  lip.  The  flap  thus  marked  out  is  dissected  back, 
and  the  facial  artery  tied.  According  to  the  nature  of  the  case,  the 
periosteum  may  be  removed  with  the  bone,  or  the  resection  may  be 
subperio.steal.  If  the  periosteum  is  to  be  removed  with  the  bone,  the 
operation  is  continued  by  drawing  a  tooth  and  dividing  the  bone  by  a 
saw.  Then,  pulling  the  jaw  forward  and  downward,  the  inner  surface 
of  the  bone  is  cleaned  of  .soft  parts,  .separating  the  mucous  membrane 
and  the  pterygoid  muscle.  The  inferior  dental  nerve  is  divided,  and 
the  insertion  of  the  temporal  muscle  to  the  coronoid  process  is  cut 


FiC.  131, — Incision  fnr  reseclion 
uf  the  lower  jaw. 
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across.  Then,  after  separating  the  soft  parts  from  the  external  surface 
of  the  bone,  including  the  external  pterygoid,  the  condyle  is  twisted 
out  of  the  joint  and  the  bone  is  free. 

Resection  for  Ankylosis  of  the  Jaw. — Ankylosis  of  the  Jaw 
may  be  due  to  contraction  following  severe  and  destructive  forms  of 
inflammation  where  the  trouble  is  not  limited  to  the  articular  surface, 
of  which  cancrum  oris  may  serve  as  a  tyj>e,  or  to  bony  or  fibrous 
union  of  the  condyle  and  temporal  bone.  The  first  form  of  ankylosis 
is  dealt  with  by  removing  a  wedge-shaped  piece  of  bone  from  the  hor- 
izontal ramus,  anterior  to  the  adhesions,  usually  in  front  of  the  massc- 
ter,  to  form  a  false  joint  at  this  point.  When  there  is  bony  union  of 
the  joint-surfaces  excision  of  the  condyle  is  indicated.  The  incision 
is  made  over  the  joint,  just  anterior  to  the  temporal  artery,  beginning 
at  the  lower  border  of  the  zygoma.  The  space  is  enlarged  by  a  hori- 
zontal cut  from  the  upper  end,  following  the  lower  eilgc  of  the  zygoma. 
This  flap  is  reflected  forward,  with  care  not  to  injure  the  facial  nerve. 
The  muscular  fibers  arising  from  the  zygoma  passing  over  the  joint 
are  separated  and  the  capsule  is  opened.  The  neck  of  the  condyle  is 
freed  and  divided  with  a  chisel,  and  then,  grasped  by  forceps,  is  twisted 
and  cut  free  from  the  bone.  During  the  operation  all  instruments 
should  be  kept  close  to  the  bone,  to  avoid  injuring  important  struct- 
ures. Some  temporar)'  facial  paralysis  may  follow  the  operation.  It 
is  important  that  pas.sivc  motion  should  be  begun  in  a  few  days  after 
either  operation,  and  should  be  regularly  practised.  Screw-gags  and 
graduated  pieces  of  cork  may  be  of  use  in  helping  the  patient  to  open 
his  mouth.  If  the  motions  cause  much  pain,  it  would  be  well  to 
administer  gas  or  some  anesthetic  to  the  patient  for  the  first  few  times. 
Unless  the  after-treatment  is  conscientiously  carried  out,  relapses  are 
likely  to  occur. 

Resection  of  the  Sternnm. — Fragments  of  the  sternum  have 
been  freijuentlj'  removed  for  shot  injuries,  with  very  slight  mortality. 
If  the  periosteum  can  be  left,  new  bone  quickly  forms.  The  incision 
is  vertical  or  crucial,  depending  on  the  amount  of  bone  to  be  removed. 
At  times  it  may  be  advantageous  to  use  a  trephine  before  taking  a 
gouge  or  chisel.  The  structures  lying  close  to  the  posterior  surface 
of  the  sternum  must  be  carefully  avoided.  The  costal  cartilages  may 
divick'd  willi  a  strong  s;catpel.  and  the  .sternum  itself  with  a  saw. 
Resection  of  the  Ribs.— The  incision  follows  the  curve  of  the 
middle  of  the  rib  to  be  resected.  Its  extent  corresponds  to  the  amount 
of  rib  to  be  removed.  The  incision  is  carried  down  to  the  bone,  and 
the  periosteum  is  separated  from  the  rib  from  behind,  as  well  as  from 
the  front,  by  a  blunt  dissector ;  or,  if  this  is  impossible,  the  rib  is  scrajied 
free  from  soft  parts.  The  intercostal  artery,  which  lies  in  the  groove 
in  the  inferior  border  of  the  rib,  must  be  avoided,  and  the  desired 
amount  of  bone  cut  away  with  bone-forceps,  care  being  taken  not  to 
injure  the  costal  pleura.  If  jiortions  of  several  ribs  are  to  be  excised, 
the  original  incision  can  be  enlarged  by  vertical  cuts  at  either  end. 

Kor  long-standing  cases  of  empyema  in  which  there  is  a  large  cavity 
between  a  retracted  lung  and  a  rigid  chest-wall,  Estlander  devised  a 
Aortuoflaslk  method  oS.  filling  up  this  cavity.  To  obliterate  this  space, 
the  chest-wall  is  made  to  sink  in  by  simply  dividing  some  of  the  ribs  or 
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liy  l^;lllllvm^;  ]nirliniis  of  them.  F.ach  case  has  to  be  considered  somc- 
wh<it  liy  it.'ii:!!',  iiiid  tlie  incision  is  made  in  such  a  way  as  to  allow  the 
orcHlcsl  ariioiiiit  of  siEikiiig  in  of  the  chcst-wall.  Ordinarily  the  inci- 
sions form  two  sidosof  a  very  acute  triangle,  the  base  being  up,  and  are 
widt'  i-noiij;li  .qi.irl  to  perruit  rciuoviil  of  sufficient  portions  of  the  ribs; 
or  •!  Iiori/oiitat  inii^ion  .iloii;;  a  rib,  with  a  vertical  one  rising  from  its 
Iiliddli',  will  open  up  the  .same  area.  The  lower  rib  is  usually  first 
rviiioved  Mibjieriosleally.  and  the  side  examined  to  determine  the 
amount  of  the  other  ribs  necessary  lo  take  out.  The  process  is  the 
mmc  for  each  rib.  /\ny  bleeding  from  the  intercostal  arteries  can  easily 
he  coiitrollcd.  In  Schedc's  operation  portions  of  the  thickened  costal 
j>!vur.>  aix:  also  removed  lo  permit  more  complete  sinking  in  of  the 
cln"*l-"all.  These  ojwrations  nowadays  are  scarcel)'  justifiable,  as  the 
C(M»r;ntiiiii  of  the  siilc  priniuccs  extreinelj-  severe  forms  of  lateral 
CUrv.tlure. 

Bxclslon  and  Resection  of  the  Clavicle. — The  clavicle  lies  so 
near  lo  ihe  imjiortam  structures  in  the  neck  that  operations  on  it  have 
been  Wtviuk\l  with  some  risk.  \S'ben  the  normal  riJatioo  of  ibe  parts 
Ims  bccix  itestT\>>x-d,  .\s  by  UHirbtii  growths,  the  exciskm  of  this  bone 
QMy  pruw  a  very  scriv^us  ii|M:ra{ion.  When  tbe  pefiostcuin,  bowe^'cr. 
ItM  been  looacm.it  by  an  ttslcitts,  it  is  quite  simple^  Tbc  sMiftriosUal 
wtttkni  giws  the  bc^  ix-sults.  The  scipuUr  extremity  is  broad  and 
Ski.  «Bd  b  exyiosvtl  by  a  cur\>;d  inciskm  with  its  coox-exity  forward  and 
«L  finite  outwani  The  bone  ts  n-ett  expucscd  b\-  tumti^  back  this  fiafx. 
If  tbe  i^criwUeuui  cuuhK  be  ^rpurated.  tbc  wii  n  ill  ii  j^ij»  lni»«ii».  of 
tbt,*  tk-Uv>*k,t.  pt.vtoraIi«.  tr.xpc^us.  and  sncnoaustoid  arc  ifivided,  the 
)mMo()v4K\I.«bh1  tAKcadv^theclmGlefeaoved.  The  sfeciBal  extic^ 
4^-  is  tetto^Td  btf  aa  tocssioa  o«r  tike  sfteraal  ewi.  ocnriDg^  «tmumaiJ. 
IWt  Ai^  B  iwxdL  and  a  saw  sli(:iped  Wbder  tbc  booe  «beiv  it  is  to  be 
di!VNJk^l  Afb»  lE  bas  bcca  cut.  the  HMScabr  in  ii  bii  im  i  aw  to  be 
<ii\idcxl  aad  tbc  bone  dfeaxticvbledL  The  MciskM  fee  vemuaX  of  the 
cfianckt  j»  A  whuk  nas  akag  the  fewer  haetier  of  the  hoae.  aaii.  ff 
HKcesstttv-.  OMf  be  eakiced  bjr  a  veitkal  WKKO  at  fe  earf 

^  iMdl  Wlk  «MIMd  «»  MHCh  K  posahk^  Ml  d 


sarfhars^q*  the  «iasidk3^a»  the  case  Mwhci^jarfdinfiis  the! 
ynifcBp«K  >pld*>^aai  swpcnac.the  cfawhc  » IfcJ  «p  mna  the : 
««t  i»  dbartirabtai     The  k^  of  '■  iiin  iJatlhe  wa^fe  of  the 
tte  pAew^gcthethwKK'AKKis  Be<Moeit  «»«  aniHMiK  ba-l 
^we-  4»  tjbe  booe  ami  aNng»  cMilic  mMiit  ^mA  V 

»he  ihninrtnnr  awKJawj.  a«e  nnMiniw-hirf 

Wllllhwi  ■ml  t  Mil    tiiiiii  I 
hue  a  poraon  -m  uic  scauwia  .^  n»t'"'^'  "**  dfcfiaite-  prfto  ciB  he 
dtma  for  tjiv  cMSSMNt.     The  <;ii^as*uK  moA  be  ^eilthsi  \ 
«£»  by  dfeeankMOCB*  heafcnkaNcir.    '.  ~     "    :he< 
WMm^  wfthewfcik-iflbesflvafikfc'. 
OUkr.     The  :-.Qiyii>a  tt  «dl  imieml  b«  um^uj^  die 
■jw«».J  s»de.d«Be  w^beeitee'jf  dteaWc      Vi  tn-->;^^  s.  m^fc ; 
the  ttbuic  IcQ^                               AeasuKJ  -^ts-bt^rn. 

fteoi  it^ pwstKOb.  ,.«,.«...  -^"•i^dte  t-^- „.^..  -wojk. 
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angle,  Uie  other  upward  and  forward  for  a  short  distance.  The  flaps 
are  turned  back,  and  the  muscular  attachments  of  thi:  trapezius  and 
deltoid  are  divided.  The  vertebral  border  is  then  made  prominent  by 
drawing  the  patient's  hand  over  the  shoulder  on  the  sound  side.  The 
periosteum  is  divided  between  the  rhomboideus  and  the  infra.spinatus, 
and  the  infraspinous  fossa  carefully  cleaned.  The  teres  major  and  ser- 
ratus  magnus  are  then  detached,  freeing  the  inferior  angle,  which  is 
then  lifted  up,  and  the  .-^ubscapularis  muscle  is  dissected  off  from  below 
upward.  The  supraspinous  fossa  is  then  cleared,  injury  to  the  supra- 
scapular nerve  being  avoided  by  lifting  it  with  the  periosteum.  The 
remaining  part  of  the  bone  is  cleared,  working  forward  to  the  neck  of 
the  scapula,  which  is  divided  with  a  chain-saw  or  forceps.  The  attach- 
ments of  the  acromion  to  the  clavicle,  including  the  conoid  and  trape- 
zoid ligaments,  are  then  cut  and  the  Joint  opened.  The  muscles 
attached  to  the  coracoid  process  are  divided  and  the  process  twisted 
free.  The  great  risk  through  the  operation  is  from  hemorrhage,  espe- 
cially as  the  excision  is  usually  undertaken  for  removal  of  a  sarcoma, 
under  which  conditions  the  vessels  are  numerous  and  of  large  size.  It 
b  advisable  to  have  compression  over  the  subclavian  artery;  and  in 
some  cases  it  may  be  necessary  to  make  a  small  incision  over  the  vessel, 
in  order  better  to  control  the  bleeding.  The  main  vessels  may  be 
exposed  and  ligatured  before  cutting. 

Excision  and  Resection  of  the  Htxmems. — The  humerus  may 

be  renioved  in  part  or  as  a  whole.     If  the  upper  part  is  to  be  excised, 

the  relation  of  the  musculospiral  nerve  must  be  remembered.    It  passes 

around  posterior  to  the  humerus  from  its  inner  side,  lies  close  to  the 

bone  in  the  musculospiral  groove,  and  passes  down  to  the  outside  of 

the  arm  between  the  brachialis  anticus  and  supinator  longus.     If,  for 

any  reason,  the  incision  must  be  on  the  outer  side  of  the  arm,  it  ts  well 

first  to  find  the  nerve  and  retract  it  to  the  outside  before  going  on  with 

the  incision.     The  incision  for  excision  of  the  head  of  the  humerus  is 

B   usually  that  of  Oilier — a  straight  cut  over  the  surface  of  the  joint, 

H   beginning  at  the  acromioclavicular  junction  and  passing  over  the  ante- 

H   rior  convexitj'  of  the  joint  for  a  distance  of  3  or  4  inches.     The  pcri- 

^LdSteum  is  saved  as  much  as  possible,  the  joint  opened,  and  the  muscu- 

^P*^  attachments  at  the  tuberosities  divided  as  they  arc  brought  into  view 

by  rotating  the  arm.     It  is  advisable  at  times  to  leave  as  much  of  the 

tuberosities  as  possible,  as  the  formation  of  new  bone  is  then  better. 

The  head  of  the  bone  is  forced  out  of  the  incision  and  the  bone  sawed 

■  acros-;.  The  best  result  comes  from  dividing  it  at  the  anatomical  neck. 
The  Lower  Portion. — The  structures  most  likely  to  be  injured,  and 
therefore  to  be  avoided,  at  the  lower  end  are  the  brachial  artery  and 
ulnar  nerve.  The  incision  is  made  between  the  triceps  and  supinator 
longus,  avoiding  the  musculospiral  nerve,  and  the  steps  of  the  operation 
are  then  similar  to  those  in  excision  of  the  elbow.  The  whole  humerus 
may  be  resected,  care  being  taken  to  leave  the  periosteum,  as  on  it 
de|H-nd  the  formation  of  new  bone  and  the  usefulness  of  the  arm. 

Excision  and  Resection  of  the  Ulna. — As  the  ulna  is  compara- 
tively su()erficial  in  its  whole  extent,  it  is  easily  removed.  The  incision 
foUuws  its  po.sterior  border,  and  at  the  upjier  end  runs  obliquely 
upward  and  outward  between  the  triceps  and  anconeous  muscles.    The 
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subperiosleal  method  is  to  be  pursued  if  possible.  When  the  whole 
bone  is  to  be  excised,  the  upper  end  and  the  olecranon  are  first  dis- 
sected free,  and  the  bone  is  then  divided  at  its  middle  point.  This  per- 
mits removal  of  the  proximal  half.  The  distal  portion  is  then  removed. 
The  dorsal  branch  of  the  ulnar  nerve  winds  backward  beneath  the 
flexor  carpi  ulnaris  about  3  or  3  inches  above  the  wrist,  and  should  be 
saved  when  possible. 

Excision  and  Resection  of  the  Radius. — The  incision  lies  on 
the  c.xtcnial  surface  of  tlie  radius,  parallel  to  its  long  axis.  It  extends 
from  the  styloid  process  to  the  radiohumeral  articulation.  The  inter- 
space between  the  supinator  longus  and  the  extensor  carpi  radialis 
longior  muscles  is  found.  Following  through  this  intermuscular  space 
the  radial  nerve  is  found,  which  runs  beneath  the  supinator  longus  to 
about  3  inches  abo\-c  the  wrist,  where  it  turns  backward  and  becomes 
subcutaneous.  The  supinator  brevis  is  divided  and  the  periosteum 
separated.  The  bone  is  then  sawed  through  in  the  middle  and  each 
piece  removed  separately.  In  young  persons  the  restoration  of  parts 
after  subperiostea!  resection  of  the  ulna  or  radius  especially  has  been 
good.  On  tlie  otJier  hand,  wJien  the  periosteum  has  not  been  saved  or 
the  epiphyses  destroyed,  the  deformities  have  been  great.  For  excision 
of  only  a  portion  of  the  radius  an  incision  alont;  the  amie  line  is  used. 

Excision  of  the  Metacarpal  Bones  and  Phalanges. — To 
reach  a  metacarpal  bone  a  longitudinal  incision  on  the  dorsum  is  used. 
At  the  first  cut  the  skin  alone  is  divided,  as  the  extensor  tendons  lie 
on  the  dorsal  aspect  of  the  metacarpals.  These  tendons  are  pulled 
aside,  the  periosteum  freed,  and  a  curved  director  slipped  under  the 
bone,  lifting  it  up.  The  bone  is  then  di\"ided  with  cutting-forceps.  The 
end  is  scijied  with  bone-forceps  and  twisted  free.  If  the  whole  bone  is 
to  be  removed,  the  remaining  half  is  dealt  with  in  the  same  way.  Ex- 
cision of  ihe  metac a qK5 phalangeal  joint  of  a  finger  is  apt  to  leave  a 
fl.iil'likc  finger.  However,  excision  of  the  metacarpophalangeal  joint 
of  the  thumb  has  given  excellent  results. 

When  a  phalanx  is  to  be  resected,  the  incision  lies  on  the  side  of  the 
finger  nc.irer  the  dorsal  than  the  jwlmar  surticc,  to  avoid  the  vessels 
and  nerves.  To  remove  a  terminal  phalanx  a  U-shaped  incision  is 
nude,  the  arms  of  the  U  being  on  the  sides  of  the  phalanx,  and  the 
curve  on  the  dorsum  cli-si-  to  the  nail 

Resection  of  the  Bones  of  the  Pelvis.— It  is  seldom  that  the 
attempt  is  m.idc  to  excise  much  of  the  pcKis.  The  operation  is  under- 
I.ikon  usually  to  remove  small  atxras  of  bone.  However,  C.  Nelaton 
rcpi^rts  a  cise  in  which  he  removed  the  whole  ilium,  and  the  patient 
prc'ien'cd  the  power  of  walking.  If  the  ischium  with  its  descending 
ramus  aTui  the  pubis  arc  in\'olvcd,  an  incision  is  made,  sta.rting  from 
the  gcnilivniral  fold,  along  the  rami  of  the  ischium  and  pubis  to  the 
body  of  the  pubis.  The  jx-nostcum  is  lifted  from  the  parts  to  be 
rcmoveil  anil  (Ik;  diseas<>i  bone  cut  out.  If  much  of  the  ilium  is  in- 
voN-cd,  the  incision  follows  the  crest  of  the  ilium  from  the  posterior 
sujicrior  spine  to  the  anterior  superior  spine,  and  then  turns  sharply 
downw.ird  ,md  backwanl  to  the  region  of  the  trochanter.  The  peri- 
osteum, ri^aehfil  along  the  crest  erf  the  ilium  between  the  sets  of  raus- 
de*.  is  raised  fn^m  the  inner  surface,  extending  down  into  the  iliac 
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fossa,  as  well  as  from  the  outer.  As  much  of  the  difjeased  bone  as  is 
desired  is  removed  by  the  chisel  or  gouge.  This  operation  in  the 
hands  of  Kocher  and  Roux  has  given  good  results. 

Excision  of  the  Coccyx. — The  coccyx  may  require  removal  in 
whole  or  in  part  for  necrosis,  fracture,  or  the  painful  afleclion  coccygo- 
d>Tiia,  and  as  the  preliminary  step  in  Kraske's  operation  for  e.vcision 
of  the  rectum.  After  determining  the  limits  of  the  bone  by  the  finger 
in  the  rectum,  a  longitudinal  incision  is  made  over  the  middle  of  the 
coccyx,  extending  from  a  little  above  its  upper  limits  to  a  little  below 
its  tip.  If  necessary,  a  transverse  cut  may  be  made.  The  bone  is 
freed  from  soft  parts  and  the  articulation  with  the  sacrum  opened,  the 
sacrococcygeal  ligaments  divided,  and  the  bone  cut  free,  clearing  the 
anterior  aspect  as  it  is  raised. 

Resection  of  the  Shaft  of  the  Femtir.^I-^xcisions  of  portions 
of  the  shaft  of  the  femur  arc  very  rare,  except  for  the  removal  of  large 
sequestra.  The  bone  is  reached  by  a  long  incision  on  the  outer  side 
of  the  leg.  The  space  between  the  vastus  e.xternus  and  the  short  head 
of  the  biceps  is  found  and  followed  down  to  the  bone,  which  is  then 
entirely  freed  from  the  soft  parts  on  all  sides  if  possible,  and  divided  by 
a  saw  at  its  middle.  Kach  end  can  then  in  turn  be  lifted  out  of  the 
wound,  and  the  proper  aniounl  cut  away.  In  the  after-treatment  ex- 
tension is  necessary  for  some  time,  to  prevent  excessive  shortening  of 
the  teg. 

Resection  of  the  Shaft  of  the  Tibia. — The  tibia  is  more  often 
excised  than  any  other  long  bone  in  the  body.  If  the  operation  is 
done  subperiosteally  and  the  periosteum  is  not  injured,  new  bone 
readily  forms  and  a  u.^icfu!  leg  is  obtained.  The  incision  for  removal 
of  the  diaphysis  is  made  along  the  subcutaneous  surface  of  the  shaft, 
lying  at  the  upper  end  behind  the  tendons  of  the  gracilis,  s.irtorius,  and 
semitendinosus.  The  periosteum  is  excised  along  this  same  line,  and 
separated  all  around  the  bone  if  possible.  A  chain-saw  is  then  passed 
under  the  shaft  and  the  bone  divided,  or  the  diseased  portion  is 
chiselled  out.  In  the  majority  of  cases  the  operation  is  done  to 
remove  sequestra  resulting  from  osteomyelitis  or  the  necrosed  frag- 
ments following  a  compound  fracture.  If  the  incision  mu.st  be  on  the 
outer  aspect  of  the  leg,  it  should  be  just  a  little  external  to  the  crest 
of  the  tibia.  The  tibialis  anticus  should  be  lifted.  The  periosteum  is 
not  injured.  If  the  posterior  surface  must  be  reached,  the  incision  is 
made  along  the  inner  border,  the  upper  end  of  the  cut  lying,  as  already 
described,  behind  the  tendons  of  the  gracilis,  .sartorius,  and  the  scmi- 
lendinoscs.  and  the  muscles  raised  intact  with  the  periosteum.  When 
a  portion  of  the  tibia  is  removed  entirely,  so  that  there  is  a  space  left 
between  the  ends.  It  is  well  to  excise  a  corresponding  length  of  the 
fibula  to  bring  the  ends  in  contact. 

Resection  of  the  Fibula. — Excision  of  the  fibula  >'ields  very 
good  functional  results.  There  is  no  particular  method  of  proceeding. 
A  straight  incision  is  made  over  the  portion  to  be  removed,  and  is  con- 
tinued down  to  the  bone.  The  perio.'^teum  is  divided  and  separated 
from  the  bone,  which  is  then  divided  by  a  saw  and  as  much  removed 
as  is  desired.  The  external  popliteal  nerve  is  to  be  avoided.  It  follows 
the  posterior  border  of  the  tendon  of  the  biceps,  winds  about  the  neck 
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of  the  fibula,  and  divides  into  its  two  branches.  The  upper  articulation 
:twccn  the  fibula  and  tibia  at  times  communicates  with  the  knee-joint, 
id  thcrefurc  opening  this  articulation  should  be  avoided.  When  it  is 
necessary  to  remove  the  head,  it  should  be  chiselled  away  and  a  thin 
plate  of  bone  should  be  left  over  the  joint.  If  the  whoie  fibula  is  to  be 
removed,  it  is  well  to  take  the  bone  out  in  two  parts,  as  the  peroneal 
muscles  would  be  cut  by  a  sinfjle  incision  the  length  of  the  bone. 
Therefore  a  separate  incision  is  made  for  the  lower  part  over  the 
anterior  external  aspect  of  the  bone,  and  another  over  the  upper 
portion. 

Bxcision  of  the  Bones  of  the  Foot. — The  tarsal  bones,  are  re- 
moved principally  for  disease,  and  tlierefore  the  methods  are  largely 
atypical.  Each  case  has  to  be  considered  by  itself,  and  the  incision 
made  accordingly.  Disease  of  the.se  bones  usually  begins  in  the 
calcaneo-astragaloid  articulation,  attacking  first  the  calcaneum,  and 
later  the  a.<!tragalu,s.  Simple  scraping  away  of  the  diseased  portion 
does  not  compare  favorably  with  removal  through  the  entire  thickness 
of  the  bone. 

Calcaneum  (Fig-  1 32). — When  it  is  possible,  it  is  advisable  to 
leave  the  anterior  portion  of  the  os  calcis,  as  the  reproduction  of  bone 

is  better  in  these  cases  than 
where  the  whoie  bone  is  re- 
moved. The  subperiosteal 
method  is  to  be  preferred 
over  those  in  which  the  en- 
tire bone  is  cut  away.  After 
the  subperiosteal  method  the 
reproduction  of  bone  is  at 
times  sufficient  to  give  a 
prominent  heel,  which  is  very 
serviceable  and  quite  as  firm 
-  the  sound  one.  The 
.ncthod  of  Faraboeuf  is  prob- 
ablj-  the  besL  The  patient  is 
placed  on  the  sound  ^de  and 
the  leg  supported  by  a  pillow, 
which  gives  free  access  to  the 
diseased  foot.  The  indsion  begins  at  the  base  of  the  fifth  metatarsal, 
and  follows  the  external  surface  of  the  foot,  just  abo\-e  the  sole,  to  the 
heel,  which  it  drcles.  and  then  passes  forw^ud  on  the  inner  side  to  a 
point  opposite  its  origin,  .-V  second  incision  runs  from  this  upward 
along  the  external  border  of  the  tendo  Achillis  for  about  2  inches. 
The  two  flaps  are  raised  The  periosteum  is  divided,  care  being  taken 
not  to  injurv  the  peroneal  tendons,  which  he  just  anterior  to  the  vertical 
cut.  The  periosteum  is  di\-idcd.  and  with  it  the  attached  ligaments  arc 
raised,  first  on  the  outer  and  then,  aftei  cutting  the  insertion  of  the 
leodo  .■\chilUs,  on  the  posterior  surface.  The  anterior  part  is  then 
freed  (rom  its  periosteum,  and  lastly  the  plantar  sui^cc  is  deared. 
The  anterior  portion  is  then  sdzed  with  lion-tbrceps  and  cut  free  as  it 
b  dragged  ouL 

The  c^ieration  for  retnoval  of  the  postetior  part  akme  is  tnore  sin»- 
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pie.  The  incision  (Fig,  132,  a)  extends  to  the  periosteum,  which  is 
separated  from  the  bone  and  the  bone  sawed  across. 

Astragalus. — This  bone  is  excised  for  irreducible  dislocation  and 
caries  and  for  relief  of  some  forms  of  talipes,  and  is  the  first  step  in 
excision  of  the  ankle.  Two  incisions  may  be  made,  one  internal  and 
one  external :  or  one  curving  incision  may  run  across  the  dorsum  of 
the  fooL  The  outer  of  the  two  incisions  lies  just  parallel  to  the  pero- 
neus  tertius,  beginning  a  little  above  the  level  of  the  articular  surface 
of  the  tibia.  A  second  cut  runs  from  the  middle  of  this  incision  back- 
ward to  just  below  the  tip  of  the  external  malleolus.  By  lifting  these 
two  flaps  the  bone  is  reached  between  the  peroneus  brevis  and  tertius. 
By  extending  and  inverting  the  foot  the  various  ligaments  are  exposed 
and  cut.  A  slightly  curved  incision  is  then  made,  running  forward  and 
backward  from  the  rip  of  the  inner  malleolus.  This  gives  access  to  the 
ligaments  on  the  inner  side  of  the  foot,  which  are  divided.  The  foot 
is  again  inverted  and  extended,  and  the  astragalus  grasped  by  forceps 
and  delivered  tlirough  the  outer  wound. 

When  the  curved  incision  across  the  dorsum  of  the  foot  is  used  the 
cut  should  at  first  be  only  skin  deep.  The  various  tendons  on  the 
dorsum  of  the  foot  are  exposed  and  drawn  aside.  The  tendon  of  the 
extensor  brevis  is  divided,  and  the  structures  about  the  neck  and  the 
outer  non-articulating  surface  of  the  astragalus  are  cut  away.  The 
ligaments  within  reach  are  divided.  The  bone  is  grasped  and  drawn 
out,  and  the  remaining  ligaments  are  cut  as  they  are  reached. 

Metatarsal  Bones  and  Phalanges. — Resection  or  Excision. — The 
method  of  remo\ing  the  phalanges  of  the  toes  corresponds  with  that 
of  removing  the  phalanges  of  the  fingers.  Lateral  incisions  are  usually 
employed.  The  value  of  the  great  toe  in  walking  should  be  remem- 
bered, and  when  a  diseased  bone  is  removed  from  it  the  periosteum 
should  be  left  as  far  as  possible,  to  provide  for  re-formation  of  bone. 
The  incision  for  removing  a  metatarsal  lies  along  the  dorsum.  The 
tendon  is  retracted  to  one  side  and  the  periosteum  divided.  The  pro- 
cedure is  similar  to  that  for  removing  the  metacarpals.  For  the  first 
and  fifth  metatarsals  the  incision  is  on  the  lateral  aspect,  curving  down- 
ward. 

PLASTIC  SURGERY. 

Plastic  surgery  is  concerned  with  the  repair  of  defects  or  losses  of 
tissue,  which  may  be  congenital,  or  have  resulted  from  disease  or  injury 
or  from  the  surgeon's  knife  in  the  removal  of  tumors,  etc.  By  far  the 
greater  number  of  plastic  operations  are  concerned  with  the  replace- 
ment of  skin-defects,  and  these  only  will  be  discussed  in  this  chapter. 

Methods  Employed  in  Plastic  Surgery. — Four  methods,  of 
which  the  first  three  include  the  great  majority  of  plastic  oper- 
ations, may  be  employed  for  the  re|)air  of  defects.  These  are: 
I.  The  method  of  directly  approximating  the  edges  by  stretching 
the  skin  and  deeper  parts  of  the  wound  together,  and  fixing  them  by 
sutures.  3.  The  method  of  approximating  the  edges  of  the  skin  after 
freeing  it  and  the  subcutaneous  tissue  from  underh'ing  tissues  ('■  under- 
mining ■■  the  edges).  This  method  also  allows  the  use  of  subsidiary 
inc»ions  to  promote  lateral  displacement  or  sliding.     3.  The  method 


390 


INTERNATIONAL    TEXT-BOOK  OF  SURGERY. 


of  flap-formation,  and  revolution  of  the  flap  into  position  by  twisting 
the  pedicle  (the  so-called  "  Indian  "  method).  4.  The  method  of  trans- 
planting a  flap  from  a  distant  part  of  the  body,  as  from  the  arm  to  the 
nose,  and,  after  allowing  it  to  unite  around  the  greater  part  of  its  mar- 
gin, severing  the  pedicle  (the  so-called  "  Italian  "  method). 

I.  The  first  method,  or  direct  approximation  of  the  edges, 
may  be  applied  when  the  gap  is  small,  and  is  useful  for  the  closure  of 
sinuses  or  fissured  openings.  In  such  cases,  of  course,  careful  freshen- 
ing of  the  edges  is  required.  When  the  closure  of  small  raw  surfaces 
is  the  object,  the  shape  of  the  surface  makes  distinct  differences  as  to 
the  applicability  of  the  direct  method  of  closure.  An  elongated  rhom- 
boid or  ellipse  may,  of  course,  be  more  easily  approximated  to  a  single 
suture-line  than  a  square  or  circular  surface,  which  will  require  .stretch- 
ing of  the  edges  across  half  the  diameter  of  the  surface.  A  small 
triangular  surface  may  be  easily  closed  by  diminishing  all  three  angles 
to  a  point  in  the  center,  or.  if  the  triangle  have  two  long  sides  and  a 
short  base,  by  directly  approximating  the  long  sides. 

3.  The  Method  of  t,ateral  Displacement  or  Gliding.— This 
method,  which  is  to  be  applied  whenever  direct  approximation  of  edges 


Fig.  133, — Repair  of  a  Irianguljir  defect  (a^f)  by  means  of  a  bilaieral  incision  [a^and  bif). 

would  result  in  disastrous  tension,  adds  to  the  former  method  the 
resources  of  freeing  the  flaps  and  making  subsidiary  incisions.  To 
closes  triangle,  the  line  of  its  base  may  be  continued  by  an  incision, 


\ 


Fm.  134. — Repair  of  a  triangular  defect  (a  jc)  by  means  of  a  curved  incision  ipi). 

and  the  flap  formed  by  the  base  and  the  adjacent  side  freed  and 
stretched  across  the  gap;  or,  by  continuing  the  base-line  on  both  ends 
of  the  triangle,  two  flaps  may  be  freed  and  brought  together  in  the 
median  line  (Fig.  133)- 
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The  continuation  of  the  base-line  may  be,  under  some  circumstances, 
curved  rather  than  straight.  The  modi6catioii  known  as  von  Jacsche's 
operation  employs  the  curved  incision  for  this  purpose  (Fig.  134). 

Dkffenbaili  closed  a  triangular  defect  by  displacing  a  quadrilatt.'ral 
flap  toward  one  side  of  the  triangle,  or  by  the  di.splacement  of  two 
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FlC  135. — Dielfi-nbiich's  methivl  -  A.  a  Iriangular  defecl  is  covered  by  a  lalerally  displaced 
Sap  (iatd\ :  the  triangle  tilt  heals  by  granulalion.  B.  ihe  defect  [a^t)  is  lo  [«  repaired  by 
diiplacemenl  ol  the  lateral  skin,  which  is  inobiliced  by  the  incisions  ade  and  id" r'. 

quadrilateral  flaps  toward  the  middle  line  (Fig.  135,  A  and  B).  The 
triangle  left  by  displacement  of  the  flap  must  heal  by  granulation  or 
be  grafted. 

Buraiv  devised  several  methods  for  the  closure  of  triangular  gaps, 
one  of  the  most  ingenious  of  which  is  shown  in  Fig.  1 36.     To  close 


Fig.  136,— BUrow's  operalion  by  means  of  excision  o(  lateral  triangles. 

the  triangle  at  a* f,  the  incisions  at/ and  ^rf' are  made,  and  the  flaps 
Jac  and  tfbc  are  brought  together  in  the  middle  line.     Redundant 
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Fic.  \yj. — Repair  of  «  quadrangular  defecl  {,atti\  by  means  of  the  incisions  a/.  #r.  cf.  if. 

tissue  at  the  angles  may  be  made  by  excising  the  triangles  of  skin  a  dt 
and  ^bif,  and  it  will  be  found  that  when  the  two  sides  of  the  main 
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triangle  are  sutured,  the  subsidiary  triangles  come  together  without 
tension. 

A  quadrilateral  gap  may  be  closed  by  continuation  of  the  longer 
margins  of  the  wound  on  both  sides  of  the  area  to  be  covered, 
detachment  of  the  flaps  so  formed,  and  suture  along  the  middle  line. 
A  single  lateral  flap  may  suffice  in  sonii;  cases  (Fig.  137). 

Lttiiinittr'i  opiration  for  closure  of  a  quadrilateral  gap  comprises 
the  displacement  across  the  gap  of  a  flap  formed  by  the  incisions 
shown  in  Fig.  13S.     The  margin  ef  is  sutured  to  the  mai^in  ad. 

Bmn's  opcratioN  (Fig,  139)  is  useful  in  cheiloplasty.  The  two  quad- 
rilateral flaps  are  swung  downward  (or  upward  in  case  of  the  lower 


Fm.  13S. — Lclciumr't  oprnlioo. 


FtG.  139. — Bnm's  opoa&HL 


lip)  across  the  denuded  area,  and  their  free  margins  {ef  and  k  i)  sutured 
in  the  middle  line. 

A  similar  method  may  be  employed  for  the  closure  of  large  ellip- 
tical defects. 

Here  two  cur\'ed  flaps,  shaped  as  shown  in  the  figure,  are  freed  and 
displaced  upward  so  as  to  close  the  raw  surface.  In  the  method 
knou-n  as  Wt^'s  ffffratitm^iSso  sho»-n  in  Fig.  140). the  flaps  (n't/ and 
i  if  are  formed,  the  point  <  carried  up  to  b,  and  the  margin  a  b  sutured 


s^-,._.-/ 


-'■J'- 


,-y 


Tkl.  t«a.— OpcfaliM  for  Ow  ctosnv  «<  illi|ilBil  ttcfccCi. 


to  «<-.     The  ftm  brf  is  used  to  close  the  g^  left  by  tbc  ili  |iliiiiiiii< 
upward  of  the  nap  »td. 

3.  The  method  of  flap-formation  by  derivatioa  of  a  fbp  fron 
neighborii^  tissue  b>'  tw^scuig  oJ  Vls  pedicle  i;  illustrUed  by  those 
■acthoifa  cf  rliuioplastii'  bv  which  a  flap  is  dt:n\-ed  from  the  diedcs  or 
focchead  (/^iin  MM*^ 

4.  The  fourth  method,  or  dcrivatioa  of  the  Sap  from  dbtaitt  puts 
which  are  tesoponrfly  nnaiiiimUr  d  onlfl  the  Ihp  has  healed  in  rrhirf, 
may  be  illustrated  by  Oe  Atfim  wmtkadvt  rhmofitast>-  (Ftg.  141)  <s^ 
page  5917).  id  which  the  new  noee  cs  made  frccn  a  &ip  taknt  from  the 
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Fig.  141. — Iialian  melhod  of  ihinoplasty 
frum  ihe  3[tii.  which  is  immovably  secured 
lo  Ihe  head  until  union  of  the  flap  has  taken 
pUc«  (Linhart), 


For  the  lining  of  cavities  ordinarily  lined  with  niucous  membrane, 
it  may  be  necessary  to  employ  the 
reversed  flap — i.  c\,  with  the  skin 
inward  and  the  raw  surface  out- 
ward. The  external  skin-surface 
may  be  then  supplied  by  swinging 
in  another  flap  to  cover  tlie  raw 
external  surface  of  the  former — the 
double  or  siipcrpiised  flap. 

Deformities  after  Bums. — 
Operations  for  the  rehef  of  scar- 
contraction  after  burns  involving 
the  neck,  face,  and  upper  extremity 
are  not  infrequently  required,  and 
are  often  difficult  of  performance 
and  not  over-satisfactory  in  results. 
Elspecially  trying  are  bums  which 
draw  down  the  lower  lip.  resulting 
in  inability  to  close  the  mouth  and 
in  hideous  deformity.  Cicatricial 
bands  of  great  breadth  or  strength 
may  form  after  burns  of  the  axilla, 
and  prevent  raising  the  arm  from 
the  side.  Burns  on  the  flexor  sur- 
face of  the  fingers  may  totally  dis- 
able a  hand  by  reason  of  cicatricial  contraction.  Simple  division  of 
these  cicatricial  bands,  or  even  their  excision,  leaving  the  resulting  raw 
surface  to  granulate,  is  unsatisfactory,  as  subsequent  recontraction  takes 
place,  reproducing  the  deformity.  The  best  results  have  been  attained 
by  the  swinging  in  of  ample  skin-flaps  to  cover  the  raw  surface  left  by 
excision  of  the  cicatrices.  The  areas  left  by  raising  the  flaps  may  be 
dosed  by  subsidiary  plastics  or  by  skin-grafting. 

The  procedure  known  as  Croft's  operation  is  recommended  by 
Treves  as  being  one  of  the  most  satisfactory  methods  for  the  prevention 
of  recontraction  of  these  scars.  It  is  performed  in  two  stages.  The 
firel  stage  consists  in  raising  a  strap  of  skin  from  the  integument  in  the 
neighborhood  of  the  scar,  and  after  suturing  the  edges  of  the  skin 
under  the  strap,  which  is  left  attached  at  both  ends,  a  piece  of  rubber 
tissue  is  placed  beneath  the  strap  to  prevent  its  healing  down  into 
pla«.  After  two  or  three  weeks,  during  which  time,  by  frequent  and 
careful  dressings,  the  strap,  especially  at  the  ends,  has  been  prevented 
from  healing  down,  the  under  surface  will  be  covered  with  healthy 
granulations.  The  second  step  of  the  operation,  which  consists  in 
di\-iding  the  cicatricial  band  until  healthy  tissues  are  exposed,  then 
severing  the  distal  end  of  the  strap,  swinging  it  over  the  raw  surface  left 
by  dividing  the  cicatrix,  and  suturing  it  in  place,  may  now  be  performed. 
The  shape  of  the  wound  and  of  the  transplant  must  be  fitted  as  far  as 
circumstances  allow,  and  the  edges  and  uniJer  surface  of  the  free  end 
of  the  transplant  trimmed  and  cleaned  up  so  as  to  favnr  primary  union. 
The  flap,  which  has  become  narrow  and  roimdcd,  will  flatten  and  stretch 
as  it  hc^s  in  place. 
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HMnoplasty. — The  term  rhinoplasty  is  properly  applied  to  restora- 
tion of  part  or  the  whole  of  the  structures  nf  the  n'lw  which  have  been 


Fltl.   14a. — khinuplasty  ^  d.  Liter. il   ll.i 
von  Langcnbcck's  melhwl. 


Flu. 


14^.— Denonvilhcr's  nini-n 


.E   rhino- 


I 


destroyed  by  disease  or  injury.  Simple  integumental  defects,  such  as  are 
left  afteroperationsforepithelioma,  maybe  closed  by  granulation  or  skin- 
grafting,  and  do  not  require  plasticoperations  for  their  repair.  Rhinopla.sty 
may  be  simple  of  performance  and  satisfactory  in  result,  or  difficult  and 
unsatisfactory,  according  to  the  amount  of  structures  which  give  sup- 
port and  prominence  to  the  nose — i.  c.  the  septum  and  nasal  bones — 
which  have  been  destroyed. 

A  defect  of  the  ata  involving  the  lower  portion  or  the  whole  of  the 
ala  may  be  closed  by  lifting  a  flap  with  a  pedicle  from  the  cheek  close 
to  the  nose  and  swinging  it  inward  so  as  to  close  the  gap.  This  flap 
must  be  long  enough  for  the  lower  end  to  be  turned  in,  giving  a  lining 
of  skin  to  the  new  ala.  and  preventing  cicatricial  contraction  (Fig.  142,(1). 
Von  Laiit^cnhrk's  mctliod  consisted  in  taking  the  flap  of  skin  from 

the  opposite  side  of  the  nose, 
with  the  pedicle  near  the  root 
of  the  nose,  and  swinging  it 
across  so  as  to  cover  the  defect. 
The  mfthod  of  Di-nonvillier 
consisted  in  employing  a  trian- 
gular flap  taken  from  the  same 
side  of  the  no.se,  having  its  ped- 
icle at  the  center  of  tlie  lobe  of 
the  nose.  The  triangular  flap 
marked  out  by  the  incisions  as 
shown  in  Fig.  143  is  dissected 
up  clean  from  the  bone  and 
cartilage,  and  rotated  downward 
around  its  pedicle  till  the  gap  is 
filled.  The  defect  left  above  it 
It  has  the  advantage  of  furnish- 
ing a  border  that  is  already  at  least  partially  lined  with  epidermis. 


Fig.  144.^ Formation  of  one  noslril  from  the  skin 
tif  Ihe  olher  (alter  Ijingenbeck). 

is  closed  by  granulation  or  grafting. 
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Other  methods  have  been  described  by  which  an  ala  is  restored  by 
taking  a  flap  from  the  septum  and  attiching  it  to  the  margin  of  the  alar 
defect  with  its  mucous  surface  out.  This  operation  was  first  described 
by  Michon.  It  would  seem  to  possess  the  two  disadvantages  of  placing 
mucous  membrane  instead  of  skin  on  the  outer  surface  of  the  nose,  and 
of  providing  no  epidcnnoid  lining  for  the  new  ala. 

A  defect  of  the  coiumna  may  be  restored  by  taking  a  vertical 
flap  from  the  middle  of  the  lip,  having  its  pedicle  above,  twisting 
the  pedicle  so  as  to  bring  its  cutaneous  surface  downward,  and  sutur- 
ing the  raw  surface  to  the  carefully  cleaned  lower  margin  of  the  por- 
tion of  the  septum.  In  order  to  avoid  the  deformity  due  to  the  twist- 
ing of  the  pedicle,  Despres  took  the  flap  obliquely  from  the  upper 
lip.  so  that  it  had  to  be  twisted  only  half  so  far.  Sediltot  devised  the 
procedure  of  taking  the  flap  the  whole  thickness  of  the  lip,  taking 
the  skin  off  the  outer  surface,  and  turning  it  directly  upward,  so  that 
the  lower  border  of  the  new  coiumna  was  covered  ivith  mucous  mem- 
brane instead  of  skin.  It  is  stated  that  in  time  the  mucous  mem- 
brane loses  its  red  color  and  assumes  the  ap]x;arancc  of  ordinarj-  skin. 

In  loss  of  the  entire  septum  and  nasal  bones,  resulting  in  the 
most  extreme  variety  of  sunken  nose,  Dieffenbach  and  Malgaigne 
divided  the  nose  into  three  portions  by  two  vertical  incisions  carried 
from  within,  clear  out  through  the  skin  close  to  the  septum,  and  two 
lateral  incisions  in  the  chinks  parallel  and  close  to  the  sides  of  the 
nose  and  surrounding  the  ala.  The  checks  were  dissected  up  through 
three  lateral  incisions,  the  upper  lip  freed  from  the  upper  jaw,  and  the 
lateral  nasal  flaps  completely  dissected  up.  The  coiumna  was  length- 
ened by  lateral  incisions,  and  the  center  and  sides  of  the  nose  passed 
into  place  and  fixed  by  harelip-pins  passed  transversely  from  side  to 
side  of  the  nose.  The  margins  of  the  wound  were  sutured  to  the 
free  margins  of  the  incisions  in  the  checks,  which  were  also  pinched 
up  toward  the  nose  and  held  there  by  long  pins  passing  through  the 
inner  portion  of  the  cheeks  and  through  the  nose, 

OliiiT  performed  for  this  deformity  an  osteoplastic  operation,  taking 
a  triangular  Hap  with  its  apex  i  \  centimeters  above  the  eyebrows,  and 
its  base  constituted  by  the  inner  portion  of  the  nose  and  the  cheeks,  the 
periosteum  being  raised  with  the  frontal  portion  of  the  flap.  The  right 
nasal  bone  was  chiselled  off.  displaced  downward,  and  used  for  a  cen- 
tral support.  The  left  nasal  bone  had  been  destroyed  by  disease.  The 
whole  flap  was  then  displaced  downward,  and  the  lower  part  laterally 
compressed  in  order  to  raise  the  bridge,  and  kept  up  by  bringing  in 
the  cheeks,  which  had  been  loosened  at  the  sides,  and  supporting  them 
with  pins, 

I'emeuil  employed  a  method  consisting  of  the  superposition  of  flaps, 
in  ortler  to  raise  the  bridge  of  the  no.se.  A  flap  was  cut  from  the 
median  line  of  the  forehead,  as  shown  in  Fig.  145.  A  cut  along  the 
center  of  the  bridge  of  the  nose,  and  lateral  cuts  at  its  upper  and  lower 
ends,  allowed  the  reflection  of  skin-flaps  from  the  nose  and  checks. 
The  flap  from  the  forehead  was  then  turned  directly  downward,  so 
that  its  skin-surface  lined  the  nasal  fossa,  and  the  lateral  flaps  drawn 
in  and  sutured  over  it  in  the  middle  line. 

Indian  Mttltod. — A  model  of  a  nose  suited  to  the  case  is  made  of 
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wax.  pi aster-of- Paris,  or  other  plastic  material,  and  a  pattern  of  paj>er 
or  cloth  made  of  its  surface.  Tlie  outline  of  this  pattern  is  marked  on 
the  forehead;  its  apex  being  immediately  above  the  nose,  its  base  wilt 
reach  the  hair-line.  It  may  be  necessary  to  shave  the  head  for  an  inch 
from  the  liair-line  in  order  to  obtain  skin  for  thecolumna.    The  frontal 


Fig.  145,— Rhinoplasty  for  sunken  nose  by  superposed  flaps  (Verneuil). 

flap  (Fig.  146)  should  be  one-third  longer  and  one-third  broader  than 
the  space  which  it  is  desired  to  fill.  In  order  to  avoid  encroaching  on 
the  hairy  scalp,  the  flap  may  be  taken  obliquely  from  the  forehead. 


Fig.  146. — Formation  of  flap  al  the  root  of  the  nose,  and  incision  for  Langenbeqk's  model 

upon  the  forehead. 

The  oblique  flap  will  require  less  t\visting  of  its  pedicle.  Twisting  of 
the  pedicle  is  favored  by  carrying  one  of  the  terminal  incisions  further 
downward  than  the  other.  The  edges  of  the  gap,  and  of  such  osseous 
and  cartilaginous  structures  as  remain,  which  should,  of  course,  be 
scrupulously  spared,  are  freshened,  and  the  flap  brought  down  and 
sutured  into  place,  being  supported,  if  necessary,  by  pins  and  by  the 
insertion  of  tubes  and  plugs  in  the  nostrils.  After  the  flap  has  healed 
in  place  the  pedicle  may  be  divided  and  suitably  trimmed.  The  results 
attained  by  this  operation  will  depend  in  large  measure  on  the  amount 
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Fill.  i^7.^Rlimoplasly  .  Ollier'i 
oslpoplastic  me[hod^ 


of  septal  and  alar  cartilage  available  to  support  the  flap.   Otherwise  the 
result  will  be  a  mere  shapeless  curtain  hanging  across  the  gap. 

In  managing  the  pedicle  considerable  skill  is  required  to  avoid  such 
tight  twisting  as  may  result  in  gangrene  of  the  flap. 

Ollier's  Osteoplastic  Method. — In  a  case  in  which  lupus  had  destroyed 
the  tissues  of  the  end  of  the  nose  to  the  extent  shown  in  Fig.  147, 
Oilier  made  two  incisions  from  the  middle 
of  the  forehead,  2  inches  above  the  eye- 
brows, downward  to  the  cheeks,  just  out- 
side the  borders  of  the  alse.  This  flap  in- 
cluded the  periosteum  in  its  upper  position, 
and  on  arriving  at  the  nasai  bones  Oilier 
chi'^elled  one  of  them  from  its  attachments 
and  included  it  in  the  flap.  The  flap  was 
then  brought  directly  downward  in  front  of 
the  gap,  so  that  the  upper  end  of  the  freed 
nasal  bone  came  against  the  lower  end  of 
the  fixed  nasal  bone,  to  which  it  was  su- 
tured with  silver  wire,  thus  making  a  con- 
tinuous bony  bridge.  In  order  to  furni.sh  a 
septal  support,  the  cartilaginous  septum  was 
divided  from  before  backward  and  down- 
ward, and  this  portion  thus  separated  was 

brought  down  with  the  flap  till  it  rested  on  the  remains  of  the  lower 
part  of  the  original  septum. 

Italian  Method. — The  principle  of  this  method,  with  which  the  name 
of  Tagliacozzi  is  identified,  consists  in  supplying  material  for  the  new 
nose  from  the  arm.  It  is  suitable  in  certain  cases  in  which  the  Indian 
method  is  inapplicable — those,  for  instance,  where  the  forehead  is  cov- 
ered with  scar-tissue,  so  that  a  flap  cannot  be  taken  from  it  It  is  also 
possible  to  provide  tissue  more  generously — an  important  advantage 
when  the  flap  is  taken  from  the  arm  rather  than  from  the  cheeks  or  fore- 
head. Tagliacozzi  cut  his  flap  from  the  front  of  the  upper  arm,  with  the 
apex  upward  and  the  broad  pedicle  2  inches  above  the  cubit  flexure. 
The  wound  was  sutured  under  the  raised  flap,  and  the  under  surface  of 
the  flap  carefully  prevented  from  healing  down  by  dressings  of  oiled  silk 
and  ointments  to  promote  suppuration.  After  the  under  surface  of  the 
flap  h.id  partly  cicatrized  the  arm  was  brought  up  against  the  nose  and 
held  by  a  helmet,  corset,  and  suitable  straps  (P'ig,  141),  and  the  apex 
and  sides  of  the  flap  sutured  in  place  in  the  freshened  gap.  After  the 
flap  had  healed  into  its  new  bed  the  pedicle  was  divided  and  the  col- 
umna,  ala-.  etc.  fashioned  from  its  lower  border. 

Later  operators  have  modified  the.se  procedures  by  suturing  the  flap 
in  place  immediately  or  dissecting  it  up  without  waiting  for  granula- 
tion, and  by  taking  the  flap  from  the  forearm  instead  of  the  upper  arm. 

The  results  from  rhinoplasty  in  cases  in  which  the  alae  and  project- 
ing parts  of  the  septum  are  destroyed  are,  on  the  whole,  so  unsatisfac- 
tory that  the  alternative  of  wearing  an  artificial  nose,  which  can  now  be 
very  skilfully  made,  and  by  means  of  spectacle- bows  attached  to  the 
Cice  so  as  to  escape  detection  by  most  observers,  is  well  worth  careful 
consideration. 


CHAPTKR    XIII. 

MINOR  SURGERY. 

Ir  is  tht*  |«\>\"ii»Ct?  <4  a  In.'atise  on  Minor  Surgeij-  to  describe  the 
V\U))nhMl  iiislrumcnis  und  nuterinls  of  surgi^n- and  their  uses,  the  mak- 
irtj;  »>l"  iiK'isitM)-'^  the  arrest  f.»f  henH»iThage,  the  closure  and  dresang  of 
wv^uikK  thf  (XTlvwnviUK-v  »>!'  (he  simpler  operatioa^.  the  appUcation  of 
s^iltuis  Jrt^t  K»iKt»se:i,  and  nuiiy  ol"  those  nunipuIatxMis  which  are 
«wi*ili.>\\>l  in  the  care  v>*'  a  j?reat  \-ariei\-  oi"  surgical  cases  and  in  difler- 
v«t  (vvKiiixs  tif  the  tKsh'.  In  xSew  of  the  lu<:t  that  main'  of  these  sub- 
,KV**  ft*ve  been  i&st:us::<ed  tn  other  |n.*rtions  of  the  woric  it  wili  be 
:Mtlifi>.'K-ttt  tk.><  ihts  ch;ti4er  u^  pn~$imt  a  o.>ai«kTaaL>a  of  the  points  not 
ets«M(«he*e  tvHh.-hed  U^^KXt  It  is  mvU  tv*  retmnd  the  zvatier  that  the  ttrtn 
mmv  )ci  by  tK>  tnejins  $>tK<a\iiK>us  with  uounpoctacK.  and  that  a  correct 
ka.^>itU\^-  ■.•*"  au:NV  *ut^?«>'  is  ji»oIueef>-  a«es$aiy  n  tike  asm^e- 
iHk.'M  >.■(  vxen  J^  aujw  ofj^fnooa  and  ux  ^le  su£»oipacn£  can  ct  the 

SANDAGBL 

^K-a^-^  j;re  j^>fNi>^  &-•■  itfatQ  spiincs  or  cttssng?^  b>  maJac  omi- 
gressh,">t,  ?,'  jjfticc  suf.'t.vcv  vt  J.*  vX"*reet  ■jjft.Tmity.  TlftiT  jcc  coai- 
w>p»M  vt"  »j;«.>«»  sMftfT^ts.  -uud  are  ujc  aiferenc  fhi^>s  xtii  aacs. 
Ajuvtty:  ;'Kr  :ttitte«JJ*  .cjevi  vr  »e  rur^-se  .-r  aniicnir  bum^igss  msxy 
!>c  ■JivitCt.'ih.v  iaii.»r.  ijiwn^  coiio,*.  *iik,  "jnen.  <£i;kicic  wvsiiin^  ixnS^- 
ryi>ov<  oitvi  4i(bicitpi.Siw  atwsiitt  WbaiKier  sucs^cmce  »  oseif  mnsc 
"X"  sc"--ir^  -••KMij.tt  ?.'  -H^'mt  -.-t  •fnii  Ju-yiicicctt.  imi  muse  be  succ^ 
(jftiAi^:!  ?.■  -u!-.'*  .-i'  fw-ic  actusciK'tC  3.-  ijc  mtx.  C-riicv  :s  x -rero- ruuc 
■«.ici.".u,  X'lr^  31.V  i^K  ami  ajjc  7-'  Xir  iitw  ."rrritt  aiiesr  uni  aik  ar^ 
^'V-'v't^' e  ,-ai4^v  ^  4r<.'*<li  It  -ttiur''  ,-u^^."^  t  .s.  iij'ic.  zat  3K  -n^a-v 
jwtu>i<:;'J,  >  I'liii.  A-i'-'uS  ^"it  Jihi  :miiiss  ::- e'l  -""^'itTur^ssun,  Jim  JI 
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the  part  warm,  and  absorbs  moisture.  It  is  used  particularly  in  the 
treatment  of  sprains,  rheumatic  or  gouty  joints,  and  varicose  veins  of 
the  leg.  It  is  employed  to  surround  a  part  which  is  to  be  covered  with 
a  plaster- of- Paris  dressing,  and  is  vcrj'  useful  as  a  material  for  T-band- 
agcs  and  abdominal  binders.  Ordinarily,  bandages  are  made  of  un- 
bleached muslin  which  has  been  washed,  dried,  and  torn  into  strips, 
each  strip  being  seamless  and  clear  of  selvage.  But  one  strip  should 
be  employed  to  make  a  bandage,  because,  if  two  strips  are  sewed 
together,  a  seam  is  formed,  and  such  a  seam  will  crease  the  skin. 
Selvage  must  be  removed,  because  it,  too,  will  crease  the  skin. 

Bandages  vary  in  width  and  length.  The  following  dimensions  for 
diflercnt  regions  arc  given  by  Wharton  and  Ciirti.s;  Bandages  for  the 
hands,  fingers  and  toes,  i  inch  wide  and  3  yards  long ;  for  the  extremi- 
ties in  children.  2  inches  wide  and  6  yards  long ;  for  the  extremities  in 
adults,  2^  inches  wide  and  7  yards  long ;  head- bandages,  2  inches  wide 
and  6  yards  long;  thigh- and  groin -bandages,  3  inches  wide  and  9 
yards  long;  trunk -bandages,  4  inches  wide  and   10  yards  long. 

To  make  a  bandage  the  material  can  be  rolled  into  a  cylindrical 
fonn  by  the  hand  or  by  a  machine.  Material  so  rolled  constitutes  a 
roller  bandage.  In  order  to  roll  a  bandage  by  the  hand,  one  end  of 
the  material  is  folded  to  the  extent  of  6  inches.  This  is  folded  upon 
itself  again  and  again  until  a  firm  center  or  core  is  constructed,  and 
over  this  stem  the  bandage  is  rolled  (Fig. 
148).  The  manipulation  of  rolling  is  carried 
out  as  follows:  The  extremities  of  the  stem 
are  grasped  between  the  thumb  and  fingers 
of  the  left  hand,  and  the  free  extremity  of 
the  bandage  between  the  thumb  and  index 
finger  of  the  right  hand.  The  bandage  is 
rolled  with  the  left  hand  and  kept  tight,  in 
order  to  secure  firmness,  with  the  right 
hand.  In  a  well-rolled  bandage  it  is  impos- 
sible to  push  out  the  core  with  the  finger. 
A  bandage-rolling  machine  is  very  largely 
used  in  hospitals.  A  bandage  rolled  from 
one  end  only  is  called  a  .single- headed  roller ; 
a  bandage  rolled  from  each  end  toward  the 

renter  is  called  a  double-headed  roller.  The  single-headed  roller 
is  Ihc  one  usually  employed.  Its  free  end  is  known  as  the  initial 
cxtrcmit)';  its  cylinder  is  called  the  body,  its  hidden  end  the  terminal 
cxircmitv'. 

Bandages  are  named  from  their  application  (circular,  spiral,  reversed, 
etc.),  from  their  uses  (sits|Knsory  of  the  breast),  from  their  situation 
(crossed  of  the  angle  of  the  jaw),  from  their  shape  (figure-of-8),  and 
occasionally  after  the  ptrson  who  devised  them  (Barton.  Gibson, 
Desjuil,  Vcljicaul. 

General  Rttles  for  Bandaging.— The  surgeon  faces  the  patient, 
places  the  outer  surface  of  the  free  extremity  of  the  bandage  upon  the 
part,  and  retains  it  by  the  fingers  until  it  is  fixed  by  several  circular 
turns.  The  roller  is  held  between  the  thumb  and  fingers  of  the  right 
hand,  so  that  it  will  easily  unroll.     The  tums  of  the  bandage  must  be 


FiC.  14S. — Rolling  n  bandage  by 
hand. 


400  INTERKATIOI^AL    TEXT-BOOK  OF  SURGERY. 

firm,  smooth,  even,  applied  so  as  to  make  oquai  pressure,  and  never 
tight  enough  to  cause  discomfort.  In  taking  the  bandage  around  a 
joint,  the  part  should  first  be  placed  in  the  position  it  is  to  be  retained 
in  after  the  dressing  is  complete,  because  to  alter  the  position  after  the 
bandage  has  been  applied  may  lead  to  injurious  pressure.  When  the 
part  is  covered,  the  bandage  is  completed  by  two  circular  turns,  and 
the  terminal  end  is  fastened  by  a  safety-pin  to  the  turns  underneath. 
A  tight  bandage  causes  discomfort,  possibly  severe  suffering,  and 
may  even  lead  to  gangrene.  If  it  is  necessary  to  apply  a  firm  band- 
age above  the  periphery  of  the  limb,  the  peripheral  parts  should  be 
included  first,  in  order  to  prevent  swelling.  ]f  the  bandage  tends  to  slip, 
the  edges  or  crossing  should  be  stitched,  or  the  bandage  should  be 
covered  with  strips  of  adhesive  plaster.  In  order  to  remove  a  bandage, 
it  may  be  cut  with  bandage- shears,  or  the  pin  may  be  removed  from 
the  termination  and  the  material  unwound,  the  unrolled  part  being 
gra-sped  in  the  hand  and  transferred  from  one  hand  to  the  other. 

The  Elementary  Forms  of  Bandages. —  i.  Circular. — Circu- 
lar turns  are  made  round  and  round  a  part,  but  they  neither  ascend 
nor  descend,  and  each  turn  exactly  overlies  its  predecessor.  Such  a 
bandage  is  employed  to  retain  a  dressing  on  the  wrist,  neck,  or  fore- 
head, or  to  compress  the  veins  before  the  performance  of  venesection 
or  tran.sfusion  of  saline  fluid. 

3.  Oblique. — Oblique  turns  are  carried  up  the  extremity  in  the 
manner  of  a  stripe  on  a  barber's  pole,  each  turn  having  between  it 
and  the  preceding  turn  an  uncovered  area  of  skin.  The  oblique  band- 
age is  used  to  hghtly  retain  thick  and  loosely  applied  dressings  for 
bums  and  .scalds. 

3.  Spiral. — In  this  method  the  bandage  is  carried  up  a  part,  each 
turn  overlying  one-third  of  the  preceding  turn.  This  bandage  is  often 
applied  to  the  che.st  and  abdomen,  but  is  not  used  upon  the  extremi- 
ties, as  the  size  of  these  parts  becomes  progressively  greater  toward 
the  body,  so  that  a  spiral  bandage  would  be  tight  at  the  upper  border 
of  each  turn  and  loose  at  the  lower  border,  would  make  unequal  press- 
ure, and  would  tend  to  slip. 

4.  The  Spiral  Reversed. — The  reverse  corrects  the  inequality  exist- 
ing in  the  spiral,  and  by  means  of  reverses  a  conical  extremity  can  be 
evenly  bandaged.  A  reverse  is  made  in  the  following  manner  (Fig, 
149) :  If  the  initial  extremity  has  been  fixed  by  circular  turns,  the 
bandage  is  carried  up  the  limb  obliquely.  The  thumb  of  the  surgeon's 
left  hand  holds  the  unrolled  turn  to  keep  it  secure,  the  roller  is  pulled 
out  until  there  are  6  inches  of  free  bandage  between  the  thumb  and 
the  cylinder,  and  this  free  bandage  is  permitted  to  be  slack.  The 
supinated  hand  holding  the  roller  is  carried  transversely  under  the 
limb,  and  traction  is  made  to  cause  the  reverse  to  apply  itself  accu- 
rately to  the  surface.  All  the  reverses  should  be  in  line.  Reverses 
should  not  be  made  over  joints  or  bony  prominences. 

5.  Tlie  Spica. — The  spica  is  used  to  cover  the  shoulder,  the  groin, 
the  thumb,  and  the  foot.  Each  turn  cros,ses  its  predecessor  so  as  to 
cover  two-thirds  of  it,  and  the  turns  take  the  form  of  the  Greek  letter 
lambda  (,(),  and  when  applied  resemble  the  leaves  of  an  ear  of  corn. 

6.  The  Figure-o(-8. — This  is  especially  useful  in  bandaging  joints, 
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and  is  also  employed  to  bandage  the  neck  and  axilla  and  the  occiput 
and  jaw.     The  turns  resemble  in  shape  the  figure  8. 

7.  Recurrent. — The  recurrent  bandage  is  used  to  dress  the  head 
and  amputation -stumps.     The  part  is  covered  by  a  series  of  tum.s,  each 


FIc.  149. — Maniif  r  or  nuking  the  reverse. 

one  of  which  recurs  to  its  point  of  origin,  and  the  recurrent  turns  are 
covered  by  spiral  or  spiral  reversed  turns. 

Forms  of  Compotmd  Bandages. —  t.  The  single  T-bandage 
consists  of  a  vertical  piece  which  is  stitched  or  pinned  to  a  horizontal 
piece.  It  is  used  for  the  perineum,  the  head,  the  anus,  and  the  scro- 
tum. To  apply  it  to  the  perineum,  the  horizontal  piece  is  fastened 
around  the  waist,  with  the  vertical  piece  behind.  The  ends  of  the 
horizontal  piece  are  pinned  together,  the  vertical  piece  pulled  between 
the  thighs,  the  end  torn  into  two  tails,  and  each  tail  taken  to  one  side 
of  the  genitaha  and  pinned  to  the  waist-piece. 

3.  The  double  T-bandage  is  used  to  hold  dressings  upon  the  back 
or  chest.  The  broad  piece  surrounds  the  chest  and  the  narrow  pieces 
pass  over  the  shoulders  as  .'Suspenders. 

3.  The  many-tailed  bandage  is  made  of  muslin  or  flannel.  The 
ends   are   torn   almost  to   the  center  of  the 

material  into  as  many  tails  as  may  be  re- 
quired. Sui^cons  frequently  use  the  many- 
tailed  bandage  to  retain  dressings  upon  the 
abdomen.  In  order  to  prepare  this  abdom- 
inal bandage,  a  piece  of  flannel  I J  yards 
long  and  2  feet  wide  is  torn  into  8  tails  at 
each  end,  the  center  is  applied  to  the 
patient's  back,  the  ends  are  brought  in 
front,  overlapped  successively,  and  pinned  in 
place. 

4.  The  four-tailed  bandage  (Fig,  150)  is 
used  chiefly  to  dress  fractures  of  the  jaw 
and  to  hold  dressings  upon  the  scalp  or 
chin. 


Kin.  150. — Four-tailed   liand- 
age  of  Ihe  head. 


5.  Mayor'*   Handkerchlef-dresslniCB.— Thew  firestines  were  devised  by  Mnror 
(Geneva.      lie  ih.iwtil  l)i.ii  if  a  >.juar<r  |iit-..e  of  muslin  is  Inken,  difTcrenl  methods  of  fold- 
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lug  j3Qd  application  will  enable  one  1o  dreas  satisfactorily  vanous  regions  of  the  body.  A 
square  piece  folded  upon  itwif  once  or  twice  cunstilules  ihe  oblique  fonn  ;  bringing  the 
two  distinct  angles  logelber  forms  the  triangle.  If  the  |uinl  of  the  triangle  be  taken  to  the 
base  and  liie  material  be  folded  a  number  of  times,  thp  irat-al  15  fonned.  1'wis.tinE  the 
cruval  forms  the  coni.  The  handkercbief-dre^sing  ia  useful  to  cover  the  bead»  tbe  groin,  or 
a  Joint,  and  to  supjxirl  the  breast  or  the  testicles,  tt  is  particularly  useful  in  emergencies 
and  in  military  practice. 

Slin^. — A  sling  can  be  made  from  an  ordinary  roller  bantiage,  by 
means  of  which  the  extremity  is  hung  to  the  neck.  A  better  form  of 
sling  for  the  forearm  is  made  from  a  handkerchief,  and  is  called  the 
triangular  sHiig,  A  piece  of  muslin  a  yard  long  is  taken  and  folded 
into  a  triangle.  This  triangle  is  carried  under  the  limb,  with  it.';  apex 
projecting  behind  the  elbow,  the  portion  which  comes  from  under 
the  limb  being  carried  over  the  opposite  shoulder;  the  other  portion 
is  lifted  and  carried  over  the  near  shoulder,  and  the  ends  are  fastened 
together  behind  the  neck.  The  apex  is  pulled  forward  from  behind 
the  elbow  and  pinned  to  the  anterior  portion.  This  sling  supports  the 
entire  forearm  and  hand. 

Fixed  Dressinf^S. — Fixed  or  solid  dressings  are  used  in  the  treat- 
ment of  fractures,  injuries  and  diseases  of  joints,  after  operations  upon 
bones,  and  for  the  treatment  of  certain  deformities.  In  order  to  make 
a  fixed  dressing,  some  material  which  will  give  firmness  is  placed  in  the 
fabric  constituting  the  bandage,  either  before  the  application  of  the 
bandage  or  after  it  has  been  applied.  Dressings  may  be  rendered  solid 
by  the  use  of  plaster  of  Paris,  starch,  silicate  of  soda  or  of  potash,  glue 
and  zinc  oxid.  paraffin,  gum  and  chalk,  or  celluloid.  Tht:  most  gen- 
erally useful  is  the  pi  aster- of- Paris  dressing,  which  differs  from  the 
other  materials  in  the  fact  that  it  does  not  contract  as  it  hardens,  but 
expands  a  little. 

Plaster  Bandage. — This  is  best  applied  after  Sayre's  method,  the 
dry  plaster  being  incorporated  into  gauze  or  crinoline  before  the 
bandage  is  applied.  The  best  calcined  plaster  of  Paris  is  necessary. 
The  extremity  is  bandaged  evenly  and  lightly  with  flannel,  and  cotton 
is  placed  over  the  bony  prominences ;  gauze  bandages,  each  one 
being  5  yards  long  and  3  inches  wide,  are  infiltrated  with  dry  pla.ster 
as  they  arc  rolled  up.  They  are  usually  kept  ready  for  use,  wrapped 
in  waxed  paper  and  stored  in  a  gla.ss  jar.  If  the  bandage  has  been 
prepared  for  some  time,  it  is  best  to  heat  it  in  an  oven  before  attempt- 
ing to  employ  it.  The  bandages  are  dropped  into  tepid  water  and 
should  be  entirely  submerged.  If  it  is  desired  to  have  them  set  quickly, 
the  water  should  contain  a  little  .salt ;  if  they  are  to  set  slowly,  it  should 
contain  a  little  stale  beer.  The  bandage  is  ready  to  use  when  bubbles 
of  air  have  ceased  to  be  given  off  from  it.  It  is  then  removed  from 
the  water,  squeezed,  and  applied.  It  is  applied  from  the  periphery 
upward,  evenly,  firtnly,  btit  never  tightly.  Three  or  four  thicknesses 
are  usually  sufficient,  but  if  it  is  desirable  to  render  the  dressing  par- 
ticularly strong,  pieces  of  wood,  tin,  zinc,  or  pasteboard  may  be  placed 
between  the  folds  of  the  bandage  as  it  is  being  applied.  A  plaster 
bandage  becomes  firm  in  fifteen  or  twenty  minutes,  but  it  should  not 
be  trusted  to  bear  weight  for  several  hours.  After  it  is  dried,  it  is  a 
good  plan  to  varnish  it  in  order  to  prevent  chipping  (Bryant). 

Gigli  has  devised  a  useful  method  of  applying  the  plaster  bandage. 
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After  putting  the  flannel  and  cotton  around  the  limb,  this  surgeon 
places  a  layer  of  moist  parchment  paper  over  the  flannel  upon  the 
front  oi  the  Hmb,  and  upon  It  a  thick  cord  greased  with  vasehn  is  laid, 
in  the  direction  one  would  need  to  saw  to  open  the  plaster;  over  this 
the  plaster  is  applied.  When  in  the  course  of  time  we  are  ready  to 
remove  the  plaster,  the  cord — ends  of  which  project  beyond  the  band- 
age^is  loosened,  and  one  end  is  tied  to  a  fine  steel  wire  which  has 
been  nicked  transversely  at  intervals  by  means  of  a  file.  The  wire  is 
drawn  through  the  cavity  which  was  previously  occupied  by  the  cord. 
Each  end  of  this  wire  is  wound  around  a  piece  of  wood  which  is  to 
serve  as  a  handle,  and  the  plaster  is  then  readily  sawed  through  from 
within  outward. 

It  is  occasionally  necessary  to  apply  what  is  known  as  the  inter- 
rupted plaster  dressing  (Fig.  151).  the  interruption  in  the  plaster 
enabling  the  surgeon  to  reach  a  wound  and  dress  it  readily  while 
the  part  is  perfectly  immobilized.     In  order  to  apply  such  a  dressing,  a 


Flc  151. — Inlemipled  plaster-of- Paris  dressing. 

of  wood  or  iron  is  placed  underneath  the  e.vtremity,  running 
and  below  the  level  of  the  point  which  is  to  be  left  open,  and 
fixed  thus  with  a  few  turns  of  the  plaster  bandage  at  its  extremities. 
A  piece  of  tin  or  iron  is  bent  into  a  large  loop,  the  ends  of  this  piece 


FlC,  (;■.— Traji-doar  drcuing. 


arc  laid  upon  the  surface  and  caught  in  the  turns  of  the  pla.ster  bandage, 
ll  m.iy  be  necessary  to  use  one,  two,  or  three  of  these  brackets,  accord- 
ing to  the  degree  of  firmness  which  is  de.sired.  A  good  many  surgeons 
in  ai»[)lying  an  uninterrupted  plaster  dressing  lay  upon  the  front  surface 
(rf  tht  limb,  before  appl)'ing  the  plaster,  a  piece  of  zinc,  and  when  it 
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becomes  necessary  to  remove  the  plaster,  this  zinc  protects  the  limb 
from  injun-.     In  some  cases  a  plaster  bandage  is  applied,  is  cut  down 
the  front  while  soft,  and  is  subsequently  flanged  open.     Such  a  dress- 
ing can  be  removed  whenever  necessary,  and  yet  gives  excellent  sup-  j 
port.     It  can  be  retained  firmly  in  place  by  adhesive  strips  and  tapes, 
by  applying  an  ordinary  bandage  outside  of  it,  or  by  putting  eyelet- 
holes  in  the  edges  and  lacing  it  up  like  a  shoe.     Instead  of  making  a 
bracketed  splint,  a  trap-door  may  be  cut  in  the  plaster  dressing  directly 
over  the  area  which  the  surgeon  afterward  desires  to  reach  (Fig.  152),! 
The  methods  of  applying  the  plaster  jacket  and  the  jury-mast  will  be 
presented  in  the  articles  upon  the  Surgery  of  the  Spine,     A  plaster| 
bandage  can  be  removed  by  splitting  it  with  a  knife  while  it  is  still 
moist,  by  sawing  it  when  it  is  drj'  with  Hunter's  saw,  or  by  cutting  it 
with  one  of  the  various  forms  of  pi  aster- cutters.     It  is  best,  in  applying . 
this  bandage  originally,  to  use  Gigli's  method,  which  renders  the  sub-' 
sequent  removal  a  most  simple  matter. 

Starch  BandSKe. — Th«  starch  bandage  (known  also  a-f.  Senlin's  bandage)  was  usrd 
eitensively  before  the  invenlion  of  the  piaster  bandage.  The  starch  is  miied  wiih  cold 
water  until  it  t&of  a  creamy  consistency,  and  bulling  water  \%  added  until  the  mixture  is  muci- 
laginous. The  estremlty  is  bandaged  with  flannel,  over  which  a  game  bandage  is  opjilied. 
This  bandage  must  be  shrunk  before  application,  as  otherwise  it  will  make  undue  con- 
traction as  it  dries.  The  starch  mixture  is  rubbed  into  the  gauie  bandage,  and  another 
bandage  is  applied  ;  tnore  starch  is  rubbed  in,  and  so  on  undl  the  extreinity  is  covered  with 
a  sufficient  thickness.  In  some  cases  pieces  of  pistetioiLnl  ure  added  to  give  additioDal 
solidity.      This  bandage  dries  in  about  Ihirtr-six  hours. 

The  Sliicate-of-SOda  BandaEC. — This  material  is  usually  spoken  of  as  soluble  glas5. 
Silicate  of  potn^sium  can  be  used  equally  well.  The  extremity-  is  bandaged  with  flannel, 
and  over  this  are  applied  several  layers  of  i  game  bandage.  The  silicate  is  tubbed  in  with 
a  brush,  another  game  bandage  is  applied,  more  silicate  is  rubbed  in,  and  so  on  until  a 
suflicieni  thickness  is  obtained.  It  requires  twenty-four  hours  to  dry.  In  order  to  remove 
it,  the  extremity  covered  with  the  bandage  should  be  placed  in  warm  water  and  the  dresang 
cut  with  scissors. 

Qum-and-chalk  Bandage. — This  nuterial  is  prepared  by  tniking  it  into  a  paste  by 
the  addition  of  boiling  water.  It  is  opplied  like  the  starch  bandage,  is  more  solid  than  is 
that  dressing,  and  becomes  hard  in  fise  or  six  hours. 

Qlue  Bandage. — This  was  devised  by  De  Morgan.  French  glue  is  soaked  in 
cold  water,  heated  in  a  glue-pot.  and  applied  like  the  starch  bandage.  The  wldilioD  of 
\  part  of  methylated  spirit  greatly  accelerates  the  drying  process.  The  late  Dr.  Levis  mi 
accustomed  to  mix  oiid  of  /inc  with  the  glue. 

Paraffin  Bandage  iTalt's  Bandage |. — ParufHn  Ua  material  which  is  impenetrsble 
by  tlie  body -sec  ret  inn'  It  melts  at  105°  (o  no"  f".  The  bandage  Is  jiasscd  ihrougb  the 
melted  pamHin  ^^  it  i>  being  applied.      This  bandage  becomes  solid  in  about  ten  minutes. 

The  Celluloid  Bandage. — -This  is  strongly  commended  by  Landererand  Kitsch.'  It  is 
made  by  saturating  mull  bandages  in  a  solution  of  celluloid  In  acetone.  The  celluloid  is 
cat  into  small  pieces ;  a  glass  ^ar  is  hlled  one-qimrter  full  of  these  pieces,  and  is  then  filled 
up  with  the  acetone  and  the  lid  put  on.  At  intervals  the  mixture  is  stirred  with  a  glass  rod. 
The  bandage  is  opplied  over  a  plaster  cast  of  the  pari,  which  is  bandaged  with  flannel. 
Over  this  a  mull  bandage  is  applied.  By  means  of  the  hand  gioved  with  leather,  the 
celluloid  gelatin  is  applied  to  the  mull,  another  mull  bandage  is  applied,  more  celluloid 
gelatin  is  applied,  and  soon.  The  outer  layer  consists  of  celluloid.  From  4  to  ItJ  layers  xtVf 
be  necessary  accordiog  to  the  requirements  of  the  case.  Within  one  and  one-half  hours  the 
dressing  is  firm  enough  to  be  filled  upon  the  person,  and  id  four  hours  it  is  completely  dry. 
This  bandage   Is  cheap,  is  light,  and   is  not  afiected  by  the  btxlv -secret I otis. 

Bandages  of  Special  Regions. — Spiral  Reversed  Bandage  of 
the  Upper  Extremity  fFig.  153). — This  bandage  is  begun  by  making 
a  circtilar  turn  around  the  wrist  and  a  second  turn  to  hold  the  first 
It  is  then  carried  obliquely  across  the  back  of  the  hand  to  near  the 
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extremity  of  the  fingers,  and  ascends  the  hand  to  the  root  of  the  thumb 
by  several  spiral  turns;  the  wrist  is  covered  by  ascending  figure-of-8 
turns,  the  forearm  is  covered  by  spiral  reversed  turns,  the  elbow-joint 
by  figurc-of-S  turns,  and  the  arm  by  a  series  of  spiral  reverses.  The 
bandage  is  terminated  by  two  circular  turns  which  are  pinned  to  each 
other. 


Fig,  153, — Spiral  icversed  bnndage  of  Ihe  upper  eiticmily. 

Spiral  Bandage  of  all  the  Fingers,  or  the  Gauntlet  (Fig.  154). — 
Two  circular  turns  arc  made  around  the  wrist;  the  bandage  i.s  carried 
obliquely  across  the  back  of  the  hand  to  the  root  of  the  thumb,  and 
is  taken  to  the  tip  of  the  thumb  by  spiral  turns.  The  thumb  is  covered 
in  by  ascending  spiral  turns,  and  the  bandage  is  returned  to  the  wrist 
Each  finger  is  covered  in  the  same  manner,  and  the  bandage  is  termi- 
nated by  two  circular  turns  about  the  wrist. 

5piral  Bandage  of  the  Palm  or  Dorsum  of  the  Hand  ;  the  Demi- 
gauntlet  (Fig.  15s). — This  bandage  is  of  but  limited  utility.  It  must  not 
be  applied  tightly,  as  it  makes  considerable  pressure  at  the  roots  of  the 


KlC  1S4-— Gnuntlel  bandage. 


FiC.  155.— Demi-gauntlct  banda([e. 


fingers,  although  it  leaves  the  fingers  free.  If  the  wish  is  to  cover  the 
palm,  the  bandage  is  begun  with  the  patient's  hand  supinated;  if  the 
desire  is  to  cover  the  dorsum,  it  should  be  started  with  the  hand  pro- 
natcd.     Two  circular  turns  are  made  around  the  WTist ;  the  bandage  is 
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caught  around  the  root  of  the  thumb  and  taken  back  to  the  point  of 
origin.  Each  finger  is  covered  in  the  same  manner,  and  the  bandage  is 
ended  by  a  series  of  ascending  figure-of-8  turns  about  hand  and  wrisL 
5pica  Bandage  of  the  Thumb  (Fig.  156). — This  is  begun  at  the 
wrist,  and  is  taken  to  the  end  of  the  thumb  in  the  .same  manner  as  is  the 


Fig.  156, — Spica  bandage  of  the  thumb. 

gauntlet  bandage.  A  series  of  ascending  spica  turns  are  made  between 
the  thumb  and  wrist,  each  turn  overlying  two-thirds  of  the  previous 
turn.  The  bandage  is  terminated  by  two  circular  turns  at  the  wrist. 
5elva's  thumb-bandage  (Fig.  157)  covers  the  entire  thumb.  The 
terminal  end  of  the  bandage  is  placed  on  the  outside  of  the  second 
phalanx  of  the  thumb,  near  to  the  base  of  the  phalanx.     The  bandage 


Fig.  157.— Sclva's  thumb-bLiinl.i^r. 

is  then  carried  over  the  palmar  .side  of  the  pulp  of  the  last  phalanx  to 
the  inner  side  of  the  second  phalanx,  this  turn  being  held  temporarily 
in  place  by  the  surgeon's  left  thumb  and  index  finger.  The  roller  is 
taken  back  as  a  recurrent  to  its  place  of  origin,  is  made  to  overlap  the 
preceding  turn,  and  is  placed  as  much  as  possible  on  the  dorsum.  It 
is  then  carried  over  the  terminal  phalanx,  and  is  turned  around  the  tip. 
the  loop  crossing  over  the  center  of  the  nail.  Ascending  spica  turns 
are  now  made  over  the  dorsum  of  the  hand  and  over  the  palm,  return- 
ing to  the  phalanx. 

Spiral  Reversed  Bandage  ol  the  Lower  Extremity  (Fig.  1 58). — Two 
circular  turns  are  made  just  above  the  malleoli,  and  an  oblique  turn 
is  carried  across  the  dorsum  of  the  foot  and  the  metatarsophalangeal 
articulation.  A  circular  turn  is  now  made,  and  the  foot  is  covered  with 
ascending  spiral  reversed  turns.  The  bandage  returns  to  the  ankle  as 
a  figure-of-8,  ascends  the  leg  by  spiral  reversed  turns,  covers  the  knee 
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by  a  figure-of-8,  ascends  the  thigh  by  spiral  reversed  turns,  and  termi- 
nates by  two  circular  turns. 

Bandage  of  the  Ftmt,  Covering  the  Heel  {American  Bandage  0/  the 
Foot)  (Fig.  1 59). — The  bandage  is  begun  in  the  same  manner  as  a  sffiral 
reversed  bandage  of  the  lower  extremity.  After  the  foot  is  well  cov- 
ered by  ascending  spiral  reversed  turns,  the  bandage  is  carried  around 
the  point  of  the  heel  and  is  returned  to  the  instep.  From  this  point  it 
is  carried  under  the  sole  of  the  foot,  around  the  back  of  the  ankle- 


hic.  15B  — spiral  reversed  l>:iiniaj;i:  ol  ilic  lower  eiltemiiy. 

joint,  down  the  side  of  the  heel,  under  the  heel  up  to  the  instep,  around 
the  ankle  in  the  opposite  direction,  down  the  opposite  side  of  the  heel, 
under  the  heel  and  up  to  the  instep.  The  roller  is  carried  to  above  the 
malleoli,  and  the  bandage  is  terminated  by  t^vo  circular  turns. 

Bandage  of  the  Foot,  not  Covering  the  Heel  {French  Method). — 


Fic  159. — Buidagv  of  the  loot,  coveriae  IbE 
heel. 


Fig,  ife. — Spio  bandage  of  ihc  (ooi. 


This  has  already  been  set  forth  in  the  description  of  the  spiral  reversed 
bandage  of  the  lower  extremity. 

Spiral  Bandage  of  the  Foot,  Covering  the  Heel  (Rib^ail's  Bandage, 
or  the  SpUa  of  the  Foot.  Fig,  160). — A  bandage  identical  with  the  ascend- 
ing .spiral  reverse  of  the  lower  extremity  is  applied  until  the  metatarsus 
is  well  covered.  The  bandage  is  carried  parallel  with  the  margin  of  the 
foot,  back  along  the  inner  margin  or  the  outer  margin  (according  as  to 
whether  wo  are  dealing  with  the  left  fool  or  the  right),  around  the  pos- 
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terior  portion  of  the  liecl,  forward  along  the  opposite  edge  of  the  foot ; 
cross  the  original  turn  at  the  median  line  of  the  dorsum  of  the  foot, 
where  a  number  of  these  turns  are  made  and  caused  to  ascend,  each 
turn  covering  two-thirds  or  three-fourths  of  the  previous  turn.  The 
bandage  is  terminated  by  circular  turns  about  the  ankle. 

Crossed  Bandage  of  Both  Eyes,  or  Figure-of-8  of  Both  Eyes  (Fig. 
l6i). — A  circular  turn  is  made  around  the  forehead  from  right  to  left. 
The  second  turn  is  applied  to  hold  the  first,  and  then  the  bandage  is 
carried  downward  over  the  left  eye.  under  the  left  ear,  around  the  back 
of  the  neck,  upward  under  the  right  ear,  and  over  the  right  eye.  These 
turns  are  repeated  so  as  to  ascend,  and  the  bandage  is  terminated  by  a 
circular  of  the  forehead. 

Borsch's  Eye-bandage  (Fig.  162). — A  narrow  bandage  is  laid  along 
the  head  so  that  one  end  will  hang  in  front  of  the  sound  eye  and  the 


FHi.  161.— Crossijd  ban<[,i>;!'  uf  ^u^^^l  cvos. 


Fli;,  16 J,— Borsch's  ey(;-li.i:ul,.;i 


Other  down  to  the  back  of  the  neck.  A  circular  bandage  is  applied 
over  this  strip  so  as  to  cover  both  eyes;  the  posterior  portion  of  the 
narrow  strip  is  pinned  to  the  circular  turn  at  the  occiput,  while  the 
lower  end  of  the  anterior  portion  of  the  narrow  strip  is  lifted  and 
pinned  to  the  same  strip  further  back.  The  hfting  of  the  narrow 
strip  raises  the  bandage  away  from  the  sound  eye. 

Barton's  Bandage  \Figure-of-S  of  the  Jaiv  and  Occiput,  Fig.  163), — 
The  initial  extremity  of  the  bandage  is  placed  below  the  inion,  and  a 
turn  is  carried  over  the  right  parietal  bone,  across  the  vertex,  down  the 
left  side  in  front  of  the  ear.  under  the  chin,  up  the  right  side  in  front 
of  the  ear.  across  the  vertex,  and  over  the  parietal  bone  to  the  point  of 
origin.  A  turn  is  now  taken  forward  along  the  right  side  to  the  jaw 
and  backward  along  the  lefl  side  of  the  jaw  to  the  nape  of  the  neck. 
These  figurc-of-8  turns  are  repeated  as  often  as  may  be  necessary  for 
firmness,  and  the  bandage  is  finished  by  circular  tunis  around  tlie 
forehead.  After  Barton's  bandage  has  been  applied,  the  ears  lie  in 
uncovered  triangles. 

Gibson's  Bandage  (Fig.  164). — Three  v-ertical  turns  are  made  around 
the  head  and  jaw,  in  front  of  the  ears.     A  half-turn  is  taken  in  the 


bandage  Just  above  the  level  of  the  ears,  and  the  turns  are  carried 
horizontally  around  the  forehead  and  occiput  three  times.  The  band- 
age is  then  dropped  to  the  nape  of  the  neck,  and  three  horizontal  turns 
are  taken  around  the  neck  and  jaw.     The  bandage  is  terminated  by 


Fl<;.  163  — Barlon's  linnii-ige. 


Vu.    164. — Gibson's  handage. 


carrying  a  half-turn  upward  and  forward  from  the  nape  of  the  neck  and 
along  the  vertex  to  the  forehead.     It  is  then  pinned  at  its  origin,  and 

■    also  over  the  forehead.    It  is  well  to  pin  or  stitch  the  points  of  crossing. 

I         Crossed  Bandage  of  the  Angle  of  the  Jaw  {Oblique  Bandage  of  tlu 


Fw.   rtj. — Crosied  twiidairF  of  (he 
■B|tle  oi  the  jaw. 


Jaw,  Fig.  165). — ^A  circular  turn  is  made  around  the  forehead  toward 
the  affected  .side,  and  a  second  turn  is  applied  to  hold  the  first.     The 


Kl<i.  l66. — Spic.L  IiuiiiIli^t:  uf  llir:  gruin. 
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bandage  is  then  carried  to  the  back  of  the  neck,  forward  under  the  ear 
of  the  sound  side  to  the  under  surface  of  the  jaw,  and  is  then  taken 
upward  in  front  of  the  ear  of  the  injured  side.  A  series  of  turns  are 
now  made  in  front  of  the  ear  of  the  injured  side  and  back  of  the  ear  of 
the  sound  side.  The  turns  which  are  in  front  of  the  ear  progressively 
advance,  while  those  which  are  back  of  the  ear  remain  on  the  same 
level.  In  order  to  terminate  the  bandage,  it  is  carried  back  under  the 
ear  of  the  injured  side  to  the  nape  of  the  neck,  and  then  two  circular 
turns  are  taken  around  the  forehead. 

5pica  of  theOroin  \Figure-of-8  of  the  Thigh  and  Pelvis,  Fig.  i66), — 
For  the  double  spica  two  circular  turns  are  made  from  right  to  left 
around  the  waist.  The  bandage  is  carried  downward  over  the  front  of 
the  right  groin,  around  the  back  of  the  thigh,  upward  over  the  front 
of  the  right  groin  and  around  the  waist,  downward  over  the  front  of 
the  left  groin,  around  the  back  of  the  thigh,  up  over  the  front  of  the 
left  groin,  and  around  the  waist.  A  map  of  the  bandage  is  thus  laid 
out,  and  the  following  turns  ascend,  each  one  overlying  one-third  of  its 
predecessor,  the  bandage  being  completed  by  a  circular  turn  around  the 
waist.  It  is  needless  to  describe  the  single  spica,  as  it  is  obvious  that 
it  is  caught  back  of  but  one  thigh. 

Spica  of  the  Shoulder  (Fig.  167). — A  circular  turn  is  made  around 
the  upper  arm,  followed  by  several  spiral  reversed  turns.  From  behind 
forward  the  bandage  is  carried  over  the  shoulder,  across  the  front  of 


Fig.  167. — Spio  bandage  of  Ihe  shonlder. 


Fig.  i6B,^Figuri--..ir-S  ^■.^'lllige  of  the  neck 
and  axiUa. 


the  chest  into  the  opposite  armpit,  and  is  returned  across  the  back  at 
the  posterior  aspect  of  the  shoulder.  A  series  of  ascending  turns  are 
thus  applied. 

Figure-of-8  bandages  of  the  neck  and  axilla,  and  of  the  chest,  and 
of  the  breast  are  shown  in  Figs.  l68-l7a 

Velpeau's  Bandage  (Fig.  171). — The  hand  of  the  injured  side  is 
placed  upon  the  shoulder  of  the  sound  side,  and  the  elbow  b  laid 
against  the  chest.     It  is  well  to  interpose  some  lint  or  cotton  between 
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the  elbow  and  the  chest.  The  bandage  U  begun  at  the  axilla  of  the 
sound  side  posteriorly.  It  is  carried  over  the  back,  the  shoulder  of  the 
injured  side,  down  the  front  of  the  arm,  under  the  arm  just  above  the 


Fig.  169. — Posirrior  figurc-of-S  bandage  of  the  chcal. 

elbow,  returning  to  its  point  of  origin.  The  second  turn  is  applied 
exactly  over  this  one  to  hold  it  in  place,  but  on  reaching  the  axilla  with 
this  second  turn  the  bandage  is  taken  directly  across  the  back  and 


PlO,  170. — Suspensory  and  compreuor  bandage  of  (he  breuL 

around  the  chest,  including  the  arm.  Each  alternate  turn  is  now  car- 
ried over  the  injured  clavicle,  and  each  alternate  turn  is  made  to  encircle 
the  arm  and  body,  the  clavicular  turns  passing  progressively  forward, 
the  ami-  and  body-turns  regularly  ascending. 
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Dessult's  Apparatus. —This  npiiaralut  conusi<^  of  ihiee  roiln^  a  pad.  anil  a  ^a^ 
The  pad,  whicli  is  w«lge  shaped,  ti  placed  iii  ihe  azilU  of  tlic  Injurrd  sidr,  its  base  bein( 
upwrnd.     The  Tirtl  roller  js  a  spiral  of  Ihe  chcil  (Fig.  I72),  which  hold*  the  pMl  in  place. 


Fli;,  171  — Vi-'lpuiiil'^  lialid.iKL-. 

The  sHond  rotlcr  bind^  the  ann  lo  ihe  side  over  the  pad  (Fig.  1731,  and,  by  throwing  ihe 
shoulder  out,  conecli  the  invfatd  deformity  of  Ihe  fniclured  clnricle.     The  Ihird  roller  ii 


Fic.  171  — lles-iull's  hiindaRP,  fifii  rolle'. 


started  under  the  axilla  of  ilic  soutid  side  anteriorly.     Ii  crosses  Ihe  chesi  to  the  shoalder 
of  the  injured  aide,  is  carrieil  dciwn  bnck  of  Ihe  ann,  ariKiDd  the  elbow,  and  upward  on  Ihc 
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from  of  ihe  cheil  to  the  poinl  of  origin.     II  is  now  rurriwl  through  the  a«ilU  to  the  hack, 
upminl  acroM  the  bocli  and  shoulder  of  the  iniumi  siilr,  iIuhti  iIk'  Tmnl  a\  the  arm,  around 


[•111   173,  — Desaull'i  bondage,  second  roller. 

Ae  elbow,  aod  across  ihe  back  lo  the  HKilla  of  the  sound  side.  \M)en  these  lurai  have 
been  applied,  it  will  be  c>b»rvcd  thai  they  leave  uncovered  two  triingulnr  fpacei>  front  and 
batli,  which  lire  spoken  of  as  the  nnlerior  and  Ihe  posterior  IriBnglcs.     The  third  rollci  of 


Fnir  I7fl  — UciiiulL  5  lJ.,i]tl.ij^('  t:iM]«|tLuli:il, 


aull  corTTcL«  ihc  downwnnl  and  forward  deformity  of  ilie  fmciuiv  of  the  ctaTicle.     After 
Ihe  lliird  roller  hti  been  np|ilicd  ilie  hand  is  Imiiu  in  a  sling  (Fig.  174). 
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Recurrent  liandnRe  of  the  Head  (Fig.   175). — Two  circular  turns 
are  carried  around  the  forehead  and  head.     When  the  middle  of  the 

forehead  is  reached,  a  half- turn  is 
made  and  llie  bandage  is  carried  to 
the  occiput  Another  half-turn  is 
made,  and  the  bandage  is  carried  for- 
ward to  the  forehead,  so  as  to  cover  a 
portion  of  the  preceding  tuni.  These 
recurrent  turns  are  applied  until  the 
head  is  covered,  and  while  they  are 
being  applied,  an  assistant  catches 
them  at  the  forehead  and  ocdpuL 
When  the  head  is  covered,  the  band- 
age is  terminated  by  tn-o  circular 
turns  around  the  forehead  and  occi- 
put, applied  firmly  and  holding  the 
ends  of  the  recurrent  turns.  It  is 
u-ell  to  carr^'  a  turn  or  two  around 
the  bead  and  chin,  and  to  pin  these 
wrtical  turns  to  tbe  horizontal  fore- 
head tum^. 

Recumnt  Baodase  of  a  Stump. 
— ^IVo  l^t  circular  turns  arc  taken  arouiMi  tbe  root  of  tbe  stuntfii 
TIk  stutup  is  o.i\xTi::d  by  recurrent  turns  exactly  as  was  tbe  bead. 
.-X.  %tit  circular  turn  is  made  around  tbe  root  of  tbe  stumps  an 
oblique  turn  is  cairicd  to  tbe  top  of  tbe  stump,  and  an  ascenJng 
spifau  tv^-er$e  baiKfa(^  b  afifilied.  whkji  is  termnuted  by  tvo  arcnbr 

SipUlft. — A  sfiGait  b  a  finn  tnatena)  ^yfcd  lo  an  extraoity  m 
ofvkf  to  wane  iBHWibSaimL  SpGnts  are  of  rMiaas  sb^KS  aad 
sues.  saritiUe  for  dUfetert  iqanes  n  pvticirfar  i^JMS.  TbEyBa^rbe 
mde  of  wood,  nfaster  of  nns;.  fell,  kntber.  faaidefs'  boani.  inic,  ^ 
canntf.  etc.  lUcm  a  ^dint  is  aftpbaL  ft  Mnst  be 
callr  at  Uk  poats  wMdb  wS  «mk  mi  coMacI  sitb  boarl 
Ptwk  aie  ■OMC  flf  coOgi^  oafcMM,  OT  wooL  lliqr  ica^  hgp«Hl  tbe 
««&£  and  o««r  tbe  a«(s  oC  tfe  SBte.  wd  anr  beU  ■■  pfaoe  %- ^»  or 

bM*«e&  A3fi^sln«MbeMfie4faidr-b^*eTCrtcldr  »» 
«  «»  pRCwMJna  »  afflyiBe  a  spM  t»  tfac  iaicataa  IB  leave  tke  cwii 
«f  ^e  fBgen  in  x«t«.  mA  m  ■mljfi^t «  spfck  ■»  the  k^f  k»  koMc  tbe 
toes  a*  mm.    TW  condtton  «f  a  ~ 

irflh  IWH  iflbi  liii-^Miiininlbi  Ihrfi  .\  sffat «  b^d  a  i^Ke  br 
luHiiiees^aBdwlMn  ft  b  deawdcai 
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paper.  When  resin  plaster  is  to  be  used,  the  tissue  paper  is  removed 
and  the  plaster  cut  lengthwise  into  strips.  The  plaster  is  placed  for  a 
moment  with  the  unspread  side  against  a  Jug  of  hot  water,  and  as  soon 
as  the  spread  side  becomes  sticky,  it  is  ready  for  use.  The  part  to  which 
the  plaster  is  to  be  applied,  if  hairy,  should  be  shaved. 

Rubber  plaster  will  adhere  most  tenaciously  without  any  previous 
heating,  but  it  is  more  irritant  to  the  skin  than  resin  plaster. 

5oap  plaster  does  not  adhere  with  sufficient  tenacity  to  permit  of 
its  use  as  a  material  to  make  firm  compression  or  extension.  Us  chief 
use  is  to  cover  and  protect  a  part — ^for  instance,  an  incipient  bed-sore 
or  3  bony  prominence- — ^before  splints  are  applied. 

Strapping  of  the  Testicle  {p'ig.  176). — This  procedure  is  carried  out 


Fig.  176,— Strapping  or  Ihe  lEsIicle  (Smilh). 


In  the  subsiding  stage  of  an  epididymitis  or  orchitis,  and  is  occasion- 
ally employed  after  tapping  a  hydrocele.  Strips  of  resin  plaster  are 
employed,  each  strip  being  i  inch 
wide  and  10  or  I3  inches  long. 
After  the  scrotum  has  been  washed, 
shaved,  and  dried,  the  surgeon 
constricts  it  at  the  upper  end  of 
the  testicle,  passes  a  circular  strip 
of  plaster  around  the  scrotum 
above  the  testicle,  and  then  applies 
a  scries  of  long  recurrent  strips, 
covering  them  with  transverse 
strips. 

Strapping  of  the  Breast  (Fig. 
177). — In  chronic  inflammations  of 
the  breast,  it  is  sometimes  useful  to 
strap  with  resin  plaster.  The  ma- 
terial is  cut  in  strips  2  inches  wide  FIO.  177.— strapping  ol  Ihe  hreaiL 

and   of  sufficient    length    to   pass 

under  the  breast,  over  the  far  shoulder,  and  across  the  back  to  the 
point  of  origin.  The  first  strip  is  applied  at  the  lower  portion  of  the 
breast.  The  second  strip  is  on  a  higher  level  and  overlies  one-third  of 
the  previous  strip.     In  this  manner  the  breast  may  be  entirely  covered. 

Strapping  of  the  Chest. — See  chapter  on  Fractures. 

Strapping  of  Ulcers. — See  chapter  on  Ulcers. 

Strapping  of  Joints. — Sec  chapter  on  Sprains, 
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LOCAL  APPUCATION  OF  HEAT. 

Local  heat  is  employed  to  treat  inflammation,  to  allay  paJn,  to  arrest 
itching,  to  stop  hemorrhage,  to  render  joint-adhesions  soft  and  elastic, 
to  destroy  infected  areas  or  malignant  growths.  It  may  be  applied  as 
intermittent  or  continuous  heat.  The  temperature  employed  varies 
with  the  method  of  application  and  the  needs  of  the  case.  It  may  be 
so  low  as  to  irritate  only  slightly  or  so  high  as  to  cauterize  the  tissue. 
We  would  divide  heat  into  two  forms — solar  and  artificial.  Solar  heat 
is  rarely  used  locally.  To  employ  it,  it  is  usually  customary  to  con- 
centrate the  rays  of  the  sun  upon  the  diseased  part  with  a  convex 
glass.  This  method  produces  powerful  counterirritation,  and  has  been 
employed  in  the  treatment  of  ulcers  and  skin-eruptions.  Artificial  heat 
is  either  dry  or  moist. 

Dry  Heat. — Drj'  heat  may  be  applied  locally  by  taking  a  plate  of 
earthenware,  a  brick,  a  bag  of  salt,  a  piece  of  iron,  or  some  otiier 
material,  raising  its  temperature  to  the  required  degree,  and  placing  it 
upon  the  part.  If  the  material  used  is  raised  to  a  high  temperature,  it 
is  customary  to  wrap  it  with  a  blanket  or  a  piece  of  flannel  before 
placing  it  upon  the  surface  of  the  body.  Ironing  the  part  with  a  very 
warm  iron  is  useful  in  muscular  rheumatism.  A  cloth  is  laid  upon  the 
surface  of  the  body,  and  the  iron,  as  hot  as  can  be  borne,  is  passed  up 
and  down  over  the  cloth.  The  hot-salt  bag  is  a  useful  means  of  apply- 
ing heat  to  the  perineum.  Heat  may  be  developed  locally  by  friction 
with  the  hands. 

Mayor's  hammer  is  occasionally  used  to  apply  heat  locally.  The 
hammer  is  dipped  in  very  hot  water,  dried,  and  touched  again  and 
again  to  the  surface  of  the  body.  This  process  is  known  as  firing. 
The  hot-water  bag  is  the  most  generally  employed  means  of  utilizing 
local  heat.  The  bag  is  filled  with  hot  water,  and  after  the  cap  is  screwed 
down,  it  is  carefully  examined  to  sec  that  it  does  not  leak.  It  is  then 
wrapped  in  a  piece  of  blanket  and  laid  upon  the  part.  It  is  customary 
to  apply  heat  in  this  manner  in  the  treatment  of  shock,  and  great  care 
must  be  taken  not  to  bum  the  patient. 

[..eiter's  apparatus  contains  many  different  tubes  suitable  for  various 
parts  of  the  body.  These  tubes  are  placed  on  the  part,  and  hot  water  is 
made  to  flow  through  them.  Dry  hot  air  is  very  useful  in  chronic  joint- 
inflammations.  A  special  apparatus  is  made  for  the  purpose  of  heating 
the  air.  This  apparatus  consists  of  a  copper  cyHnder,  which  contains 
perforations  to  afford  ventilation,  and  has  an  asbestos  inner  case.  One 
end  of  the  cylinder  is  closed,  and  the  other  end  is  fitted  with  a  cover 
of  thick  material,  which  contains  a  central  opening  surrounded  by  a 
drawing-string.  The  affected  extremity  is  wrapped  in  cotton  and  is 
placed  in  the  apparatus,  where  it  re.sts  upon  some  dry  absorbent  cotton, 
as  a  hammock,  the  drawing-string  is  tightened,  and  the  temperature  is 
raised  to  250°  or  300°  F. 

Dry  hot  air  has  been  used  by  Hollander  for  the  cauleri»a(ion  of  lupus.  In  order  lo 
accomplish  this  he  drives  oir  ihtough  a  red-hot  metal  lube  at  b  lernpcrature  of  300°  C,  and 
directs  the  air  upon  the  part. 

The  Actual  Cautery. — In  order  to  cauterize  the  ti.ssues.  a  metallic 
substance  so  hot  that  it  destroys  is  applied  to  the  part.     The  actual 
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cauteiy  is  extremely  rapid  in  action,  and  is  not  so  very  painful  if  used  at 
a  high  heat.  The  most  convenient  means  of  applying  it  is  by  the  appa- 
ratus of  Paquehn.  In  this  apparatus  the  vapor  of  benzol  is  forced  through 
the  heated  tip  of  spongioplatinum.  The  apparatus  is  prepared  for  use 
by  fitting  the  rubber  tube  attached  to  the  cautery  end  to  one  of  the 
outlets  of  the  benzol  bottle,  and  fastening  to  the  other  outlet  the  rubber 
apparatus  for  driving  air  through.  The  tip  is  heated  to  a  red  heat  in 
a  spirit-lamp,  the  vapor  of  benzol  is  forced  through  by  squeezing  the 
bulb,  and  the  metal  can  be  kept  at  a  red  heat  for  an  indefinite  period. 
Cautery  irons  can  be  used  instead  of  the  instrument  of  Paquelin.  We 
may  use  special  irons  or  an  ordinary  poker,  or,  in  some  cases,  a  heated 
steel  needle.  Irons  are  made  of  various  shapes  and  are  set  in  wooden 
handles.  They  are  heated  in  a  charcoal  fire  or  an  ordinary  range,  and 
may  be  used  while  hot,  red  hot,  or  cherry  red,  according  to  the  neces- 
sities of  the  case.  If  we  wish  to  destroy  tissue,  the  iron  is  used  red 
hot ;  if  we  use  to  counterirritale  strongly,  it  is  white  hot ;  if  we  wish 
to  arrest  bleeding,  it  is  cherr>'  red.  In  counterirritating  a  part  with  a 
hot  iron,  the  instrument  touches  the  skin  here  .and  there,  or  is  drawn 
lightly  over  it  in  lines.  We  should  not  counterirritate  with  a  hot  iron 
over  a  bony  prominence,  an  important  nerve,  or  a  large  blood -ves.se  1. 
When  the  cautery  is  used  to  arrest  hemorrhage,  firm  pressure  is  made 
upon  the  part  with  a  piece  of  gauze,  the  gauze  is  quickly  removed,  and 
the  cautery  is  rapidly  smeared  upon  the  surface.  The  part  is  pressed 
upon  lightly  with  a  gauze  sponge,  and.  if  blood  still  oozes,  the  cautery 
is  again  applied.  The  cautery  will  arrest  primary  hemorrhage,  but, 
unfortunately,  in  many  instances  when  the  slough  separates,  secondary 
hemorrhage  will  arise.  If  we  wish  to  use  the  cautery-  in  one  of  the 
body -cavities  or  -canals,  it  is  best  used  as  a  galvanocautcry.  because  an 
electrode  can  be  introduced  while  cold,  and  after  it  has  reached  the 
region  upon  which  we  desire  to  operate,  it  can  be  instantly  healed. 
The  galvanocauterj'  snare  is  a  useful  instrument  with  which  to  remove 
tumors  from  the  nasal  passages.  To  employ  the  galvanocautcry  an 
ordinaiy  electric  battery  will  not  be  sufficient.  We  must  use  a  cautery 
batterj' — that  is,  a  battery  which  contains  large  plates  very  near 
together.  A  cautery  battery  will  keep  the  electrode  constantly  at  a 
white  heat.  Electrodes  for  the  application  of  the  galvanocautcry  arc 
made  of  various  shapes  and  sizes. 

Moist  Heat. — Moist  heat  may  be  applied  as  a  local  hot  pack.  In 
applying  this,  the  patient  is  wrap[>ed  in  a  dry  blanket,  a  piece  of 
blanket  is  wrung  out  of  very  hot  water  with  the  clothes-wringer,  the 
blanket  with  which  the  patient  is  surrounded  is  raised,  the  hot  piece 
applied  to  the  seat  of  trouble  and  the  patient  again  wrapped  up  with 
the  dr>'  blanket.  Moist  heat  may  be  applied  by  sponging  with  hot 
water.  This  may  allay  pain  and  arrest  itching.  Soft  sponges  are  soaked 
in  water,  hot  water  squeezed  out  upon  the  part,  and  the  sponge  is  held 
for  a  minute  or  two  in  contact  with  the  part  until  it  begins  to  cool, 
irhen  it  is  again  filled  with  water  and  reapplied  as  before.  Immersion 
of  the  extremity  in  hot  water  is  especially  uscfid  in  sprains  of  a  joint. 
The  c.vtremity  is  placed  in  a  bucket  of  hot  water,  and  small  quantities 
of  vcT)'  hot  water  are  from  time  to  time  poured  into  the  bucket  from  a 
Ica-kcttle.     This  gradual  addition  of  hot  water  enables  the  extremity 
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to  tolerate  a  considerable  degree  of  heat.  Compression  with  gauze 
pads  soaked  in  hot  sterile  water  or  hot  normal  salt  solution  is  used 
very  constantly  by  the  surgeon  to  arrest  capillary  hemorrhage.  The 
plan  is  often  invaluable.  In  order  to  carry  it  out  witli  success,  the 
water  should  be  at  a  temperature  of  115°  to   120°  F. 

Heat  and  moisture  are  frequently  applied  to  a  part  by  means  of  a 
poultice  or  cataplasm.  Many  materials  are  used  for  the  purpose  of 
making  poultices — flaxseed,  bread  and  milk,  potatoes,  carrots,  charcoal, 
etc. — but  at  the  present  time  the  old-fashioned  poultice  has  so  limited 
an  application  that  it  is  unnecessary  to  dwell  upon  many  of  these 
forms.  The  poultice  which  is  most  frequently  employed  is  made  of 
ground  flaxseed.  A  spoon  and  a  tin  basin  arc  scalded.  The  flaxseed 
is  put  in  a  dry  hot  basin,  and  sufficient  boiling  water  is  added  to  make 

a  thick  paste.  The  material  reaches  the 
proper  consistency  when  it  is  decided  that 
the  mass  would  stick  if  it  were  thrown 
against  the  wall.  It  is  spread  to  the  thick- 
ness of  \  inch  upon  a  piece  of  muslin,  and 
is  covered  with  cheese-cloth  to  prevent  ad- 
hesion to  the  skin.  When  it  is  laid  upon 
the  part,  it  is  covered  with  oiled  silk  or 
with  wax  paper.  Such  a  poultice  will  re- 
tain its  heat  for  five  or  six  hours.  Lint  or 
spongiopilin  soaked  in  hot  water,  laid  upon 
the  part,  and  covered  with  an  impermeable 
material,  makes  an  excellent  poultice.  The 
fermented  poultice  which  was  once  exten- 
sively used  for  gangrenous  processes  was  made  by  sprinkling  yeast 
over  an  ordinary  cataplasm.  A  charcoal  poultice  was  made  by  stir- 
ring charcoal  into  the  poultice  mass,  A  sedative  poultice  contains 
2  grains  of  opium  to  the  ounce  of  poultice  mas.s.  A  part  must  not  be 
poulticed  too  long,  especially  in  adynamic  conditions,  because  vesication 
or  pustulation  may  result;  and  a  wound  should  never  be  poulticed 
except  by  antiseptic  fomentations. 

Hot  fomentations  or  hot  compresses  are  used  particularly  to  allay 
pain,  to  treat  inflammation,  and  to  restore  the  circulation  of  damaged 
areas.  A  hot  fomentation  is  applied  as  follows:  Flannel  is  folded  into 
several  thicknesses  and  is  wrung  out  of  water  at  a  temperature  of 
120°  F,  It  is  then  laid  upon  the  part,  covered  with  oiled  silk  or  wax 
paper,  and  changed  as  soon  as  it  begins  to  cool.  It  can  be  kept  warm 
for  hours  by  placing  a  hot-water  bag  upon  the  part  over  the  flannel, 
such  a  dressing  being,  in  reality,  an  excellent  form  of  poultice.  An 
antiseptic  fomentation  or  an  antiseptic  poultice  is  used  when  it  is  neces- 
sary to  apply  heat  and  moisture  to  a  wound,  to  an  ulcer,  or  to  a  gan- 
grenous process.  An  antiseptic  fomentation  is  made  by  soaking  a  piece 
of  sterile  gauze  in  a  hot  solution  of  corrosive  sublimate  (i  :  1000),  wring- 
ing it  out,  placing  it  upon  the  part,  covering  it  with  oiled  silk,  and 
laying  outside  of  it  a  hot-water  bag. 

Steam  has  been  u«ed  locally  by  some  practilioners.  Kahn  has  employed  il  in  puer- 
peral endomeliili^.  ]Ie  attaches  a  hose  by  one  end  In  a  kettle,  bv  the  other  to  a  uleriitc 
applicDtor  which  has  a.  hollow  stem,     I'he  kellle  is  furnished  with  a  thennumeter  and  ■ 
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spiril-Ump.  The  slemn  is  used  Tor  two  minutes  si  100°  C,  nnd  then  Tor  one  mmule  al 
115°  C,  and  il  cnuxi  but  liltle  pain.  For  several  days  aflcr  il  has  been  used  inlni-ulcrine 
doutbei  arc  given.  Stcum  hni  also  been  UMif  for  ihc  purpoM  of  dUinfecling  bone-cavilies, 
and  boiling  oil  and  boiling  water  have  been  employed  with  llie  same  end  in  view.  These 
agents,  un  fort  una  Idy,  invariably  cau«e  snperticiBl  necrows. 

Counterirritaiits. — Irritation  of  the  surface  of  the  body  may  be 
used  for  the  purpose  of  benefiting  internal  derangements.  We  must 
be  very  cautious  in  using  cotinlcrirritants  if  a  person  is  lethargic,  stu- 
porous, or  comato.se,  because  in  this  condition  \vc  may  do  great  injurj', 
the  individual  feeling  no  pain,  and  being  unable  to  call  our  attention 
to  the  destruction  which  is  going  on.  Counterirritants  should  not  be 
applied  to  paralyzed  parts.  Counterirritants  are  divided  into  rubefa- 
cients, agents  which  cause  heat  and  redness ;  epispastics.  agents  which 
cause  inflammation  and  vesication ;  and  cauterants,  agents  which  imme- 
diately destroy  the  tissues.  The  most  commonly  u.sed  rubefacient  is 
ground  mustard.  The  hot  mustard  foot-bath,  which  is  a  useful  domes- 
tic remedy,  is  made  by  adding  two  tablespoonfuls  of  ground  mustard  to 
a  basin  of  warm  water;  and  in  this  mixture  the  patient  places  his  feet. 
The  water  must  be  below  100°  F.,  because  hot  water  will  destroy  the 
ferment  myrosin,  and,  as  a  consequence,  the  volatile  oil  of  mustard, 
which  is  the  rubefacient  element,  will  not  be  formed.  Mustard  is  gen- 
erally used  in  the  form  known  as  a  mustard  plaster.  To  make  a  mus- 
tard plaster  for  an  adult,  take  equal  parts  of  ground  mustard  and  of 
flaxseed  meal  and  make  them  into  a  thick  paste  with  tepid  water. 
The  mixture  i.s  spread  on  old  muslin,  is  covered  with  cheese-cloth, 
is  laid  upon  the  part,  and  kept  on  from  fifteen  to  thirty  minutes.  Occa- 
sionally mustard  will  form  vesicles,  and  if  such  an  accident  happens, 
the  vesicated  area  should  be  dressed  with  cosmolin  or  zinc  ointment. 
In  order  to  make  a  mu.stard  plaster  for  a  child,  i  part  of  mustard  is 
added  to  3  parts  of  flaxseed  meal.  The  ready-prepared  mustard 
plasters  of  the  shops  are  known  as  mustard  papers.  They  are  deci- 
dedly strong.  In  order  to  prepare  one  for  use,  it  should  be  dipped  into 
tepid  water,  the  mustard  side  covered  with  a  piece  of  cheese-cloth,  and 
the  plaster  laid  upon  the  part. 

Counterirritation  can  be  effected  by  hot  fomentations  or  the  use  of 
Mayor's  hammer,  to  which  allusion  has  already  been  made.  Spirit  of 
turpentine  is  a  useful  agent  with  which  to  counterirritate.  It  may  be 
rubbed  upon  the  part  in  its  pure  condition  or  may  be  mixed  with  an 
equal  part  of  olive  oil.  The  turpentine  stupe  is  very  u.scful.  It  is  pre- 
pared as  follows :  Take  a  Hannel  cloth,  fold  it  in  several  layers,  wring  it 
out  in  hot  water,  sprinkle  upon  it  5  to  10  drops  of  spirit  of  tur[X'ntinc, 
lay  it  upon  the  part,  and  bind  it  on  with  a  bandage.  Instead  of  flannel, 
spongiopilin  may  be  used. 

The  spice  bag  is  a  very  common  domestic  means  of  obtaining 
counterirritation.  It  is  a  mild  rubefacient,  and  can  be  kept  on  a 
part  for  many  hours.  It  is  made  by  mixing  equal  parts  of  nutmegs, 
doves,  cinnamon,  and  allspice,  and  half  of  a  part  of  black  pepper. 
This  mixture  is  sewed  up  in  a  flat  bag  of  old  linen.  The  bag  is  quilted 
to  prevent  sagging  of  the  contents.  One  side  of  the  bag  is  wet  with 
Mncgar.  warm  brandy,  or  whiskey,  and  is  laid  upon  the  part.  Counter- 
irritation may  also  be  effected  by  touching  the  part  lightly  with  the 
cautery',  by  friction  with  stimulating  liniment-s — for  instance,  camphor 
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liniment,  soap  liniment,  or  turpentine  liniment ;  or  by  the  use  of  capsi- 
cum plaster.  Burgundy-pitch  plaster,  Canada-pitch  plaster,  or  arnica 
plaster.  Epispastics  are  used,  particularly  in  chronic  pleuritic  effusion, 
in  chronic  inflammation  of  joints,  and  in  inflammation  of  tendon -sheaths 
and  bursEC. 

Before  blistering  a  part,  it  should  be  washed  and  dried;  if  it  is 
hairj-.  it  should  be  shaved.  The  favorite  material  for  blistering  is  can- 
tharides,  which  may  be  used  in  the  form  of  the  cerate,  the  cantharidcs 
paper,  or  cantharidal  collodion.  If  we  use  the  cerate,  it  should  be 
spread  on  the  center  of  a  piece  of  adhesive  plaster,  free  margins  of 
adhesive  plaster  being  left  to  adhere  to  the  surface  of  the  body.  If  a 
very  prompt  efl'ect  is  desired,  just  before  the  blistering  material  is 
applied,  the  skin  should  be  rubbed  for  a  minute  or  two  with  spirit  of 
turpentine.  Blisters  form  on  children  more  easily  than  upon  adults, 
and  in  children  it  is  wise  to  interpose  a  piece  of  thin  tissue  paper 
between  the  cerate  of  cantharides  and  the  skin.  In  the  adult,  the 
blistering  material  is  left  in  place  for  six  hours  and  is  then  removed, 
and,  if  the  blister  is  not  found  thoroughly  developed,  the  part  is  poul- 
ticed for  some  hours.  If  the  patient  resents  the  pain,  is  very  nervous, 
or  in  a  debilitated  condition,  the  blistering  material  is  removed  in  two 
hours,  and  a  flaxseed  poultice  applied.  When  the  blister  is  fully  devel- 
oped, it  is  punctured  at  its  most  dependent  portion  to  permit  of  drain- 
age, and  is  dressed  with  cosmolin  or  ointment  of  o.xid  of  zinc.  If 
we  wish  to  keep  the  blister  open,  the  stratum  corneum  is  cut  away, 
and  the  blister  is  dressed  with  an  irritant  application,  such  as  5 
drops  of  nitric  acid  to  the  ounce  of  cosmolin.  If  cantharidal  col- 
lodion is  used  to  make  a  blister,  several  layers  of  it  are  painted 
upon  a  part  by  means  of  a  camel's-hair  brush.  If  cantharidal  paper  is 
employed,  it  is  cut  to  the  proper  size,  greased  with  olive  oil,  laid  upon 
the  part,  and  held  in  position  by  rubber  adhesive  plaster.  Blisters  can 
be  formed  rapidly  by  the  use  of  stronger  ammonia.  If  a  few  drops  are 
poured  into  a  watch-crystal,  and  the  crystal  is  laid  upon  the  surface,  a 
blister  will  form  in  fifteen  minutes.  A  piece  of  hnt  can  be  saturated 
with  ammonia,  and,  after  being  laid  upon  the  surface,  covered  with 
oiled  silk.  Equal  parts  of  ammonia  and  lard  will  blister  in  five  min- 
utes. Chloroform  will  rapidly  bUster.  It  is  applied  by  moistening 
lint  with  the  chloroform,  placing  the  lint  on  the  part,  and  covering  it 
with  oiled  silk  or  a  watch-glass.  If  a  solid  stick  of  silver  nitrate  is 
drawn  across  a  part,  it  will  vesicate.  Tartar  emetic  ointment  may  be 
used  for  the  same  purpose.  The  hot  iron  at  a  white  heat,  brought 
near  to  the  surface,  will  instantly  vesicate.  After  this  has  been  used, 
the  vesicated  area  is  dressed  with  iced  water  for  an  hour,  and  is  then 
poulticed.  The  older  surgeons  used  to  employ  Vienna  paste.  This 
consists  of  S  parts  of  caustic  potash  and  6  parts  of  lime,  made  into  a 
paste  with  alcohol.  It  will  blister  in  five  minutes;  when  it  has  made  a 
blister,  it  is  washed  oflT  with  vinegar. 

LOCAL  APPUCATION  OF  COLD, 

Cold  is  used  to  contract  the  vessels  in  inflammation,  to  arrest  swell- 
ing, to  aliay  pain,  and  to  stop  hemorrhage.     It  may  be  used  as  inter- 
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mittent  or  continuous  cold,  and  also  in  the  form  of  wet  cold  or  of  dry 

cold. 

Wet  cold  can  be  used  in  the  form  of  continuous  irrigation.  In 
order  to  apply  irrigation,  the  part  should  be  wrapped  in  wet  linen  and 
laid  on  a  rubber  sheet  folded  into  a  trough,  Ihi;  end  of  the  trough 
emptying  into  a  buckeL  A  vessel  filled  with  cold  water  is  placed  on  a 
sheir  which  is  on  a  higher  level  than  the  bed.  A  wet  iamp-wick  can 
be  carried  from  the  reservoir  to  the  part.  The  part  will  be  kept  wet 
because  capillary  attraction  and  gravity  lead  water  from  the  reservoir. 
Evaporation  greatly  lowers  the  temperature.  Instead  of  a  lamp-wick, 
a  rubber  tube  may  be  used  to  carry  the  fluid,  a  clamp  being  set 
Upon  the  tube  to  regulate  the  amount  of  flow.     The  fluid  used  may 

^be  ordinar>'  water,  spring  water,  or  iced  water.     If  the  water  be  too 

'  warm,  it  can  be  reduced  to  a  temperature  of  45°  F.  by  the  addition 
of  I  part  of  alcohol  to  4  parts  of  water.  Great  cold  can  be  obtained 
by  the  use  of  a  mixture  of  5  parts  of  potassium  nitrate,  5  parts  of 
ammonium  chlorid,  and  16  parts  of  water.  If  wet  cold  is  used  upon 
an  open  wound,  the  wound  and  the  adjacent  skin  must  be  thoroughly 
asepticized  and  covered  with  gauze  which  is  wet  in  an  antiseptic  solu- 
tion; the  fluid  itself  must  be  antiseptic,  or  at  least  sterile.     Compresses 

.soaked  in  iced  water  and  frequently  changed  are  very  useful  in  the 

ftreatment  of  conjunctivitis  and  epididymitis. 

Dry  cold  is  usually  employed  in  the  form  of  an  ice-bag.  A  rubber 
bag  or  a  bladder  is  filled  with  finely  cracked  or  ground  ice.  The  bag 
is  not  laid  directly  upon  the  part,  because  it  invariably  becomes  moist ; 
a  piece  of  flannel  is  always  interposed  between  the  bag  and  the  skin. 
The  part  may  be  encircled  with  a  rubber  tube  through  which  cold 
water  flows;  or  I..eiter's  tubes  may  be  employed,  or  pieces  of  metal, 
which  have  been  chilled  by  soaking  in  a  cold  fluid,  may  be  laid  upon 
the  diseased  area. 
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In  minor  operations  it  may  be  neces.sary  or  convenient  to  administer 
ether  or  chloroform  exactly  as  is  done  in  a  major  operation.  In  some 
cases  a  general  anesthetic  other  than  ether  or  chloroform  is  employed, 
and  in  many  cases  only  local  anesthesia  is  necessary.  If  ether  or  chlo- 
roform is  used,  the  same  care  is  taken  and  the  same  precautions  are 
observed  as  in  a  major  operation.  The  fact  that  the  operation  is  trivial 
Idocs  not  mean  that  an  anesthetic  has  slighter  dangers  than  usual. 
Many  of  the  accidents  which  have  occurred  during  anesthesia  have 
arisen  during  the  performance  of  small  operations.  The  temptation  in 
such  cases  is  to  operate  before  the  reflexes  are  abolished;  and,  when 
the  reflexes  are  not  abolished,  a  violent  peripheral  irritation  may  pro- 
duce cardiac  or  respiratory  inhibition,  and  such  an  accident  is  most  apt 
lo  occur  when  an  operation  involves  the  trajectory  of  the  fifth  nerve. 
In  truth,  incomplete  anesthesia  is  a  condition  of  greater  danger  than  is 
complete  anesthesia. 

Ettayl  Bromld.— Eihyl  bromkl  very  rapidly  produces  anrsihcsin,  «nd.  after  the  Bdmin- 
iitntkil)  ii  bu«|)ciii<ci!.  [oiuciousnesa  is  quickly  regained.  The  dnig  should  be  kepi  in  ■ 
liglillj  noppcicd  ydlow  gliiM  bollle.    A  child  can  be  giTcn  3  dnuni.  nnd  an  adult  6  drsmt.' 

'  CuautDD,  BmtBH  Med.  and  Surg.  Jfir.,  July  30.  1S94. 
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In  adminislering  ettiyl  bromid,  Ihe  enlire  amount  lo  be  giv?n  is  poured  on  a  folded  towel 
or  an  Esmarcb  mnsk^  and  Ihe  maak  or  lov^l  held  closely  lo  (he  month  Bnd  Dose,  so  as  to 
exclude  Bir.  Uncoii«:iousnes3  con  be  produced  in  from  half  a  mimiti;  to  two  niitmles.  The 
momt'Eit  the  patient  becomes  uncojisciouj^,  the  inhaler  is  removed,  and  Ihe  operation  is  pro- 
ceeded with.  Il  will  be  unufe  lo  |;ive  more  of  the  anesthetic,  becnuse  the  administration 
of  n  larger  mnount  of  ethyl  bromid  will  produce  muscular  contractures,  rigidity  of  the  jaw, 
and  irregularity  of  respiialion.  After  the  withdrawal  of  the  inhaler,  the  patient  will  remain 
unconscious  (or  abuut  throe  minutes,  and  will  then  promptly  return  to  consciousness 
(Cumston). 

There  ate  very  mrely  any  disagreeable  after-effetls.  The  safety  of  this  drug  has  been  a. 
mailer  of  some  question.  Sudden  dentli  has  hoppened  from  ils  use.  Cumston  has  used  il 
in  200  cases,  and  believes  il  to  be  absolutely  safe  ;  but  he  savs  that  serious  lesions  of  the  kid- 
neys, lungs,  ot  heart  are  contra-indicalions  10  its  use.  Ijiuder  Urunton  does  not  consider  the 
drag  absolutely  safe.      The  author  has  knowledge  of  I  death  produce<I  by  it. 

Nitrous  Oxid.— Many  minor  opcration.s  can  be  performed  when 
the  patient  is  under  the  influence  of  nitrous  oxid.  This  agent  can  be 
given  alone  or  combined  with  oxygen  gas.  The  administration  of 
nitrous  oxid  requires  a  rather  bulky  and  expensive  apparatus,  and  the 
gas  is  not  readily  applied  in  private  house.s;  so  that,  if  it  is  desired  to 
use  it,  the  patient  is  usually  taken  to  a  ho.spital  or  to  a  dentist'.s  office. 
An  impediment  to  the  extensive  use  of  nitrous-oxid  gas  has  always 
been  the  brevity  of  the  anesthetic  state  which  it  induces  and  the  danger 
of  prolonging  the  anesthesia  by  continuous  administration.  Paul  Bert 
some  time  since  discovered  that  if  nitrous  oxid  were  mixed  with  oxygen, 
and  an  animal  were  placed  in  a  chamber  in  which  pressure  was  increased, 
anesthesia  could  be  kept  up  indefinitely  with  safety.  Since  tlien  it 
has  been  made  evident  that  it  is  not  necessary  to  increase  atmospheric 
pressure,  and  that  a  mixture  of  equal  parts  of  the  gas  and  of  oxygen 
can  be  continuously  inhaled  and  will  produce  prolonged  anesthesia 
(Hewitt's  apparatus).  If  oxygen  and  nitrous  oxid  are  so  given,  there 
will  be  from  thirtj'  to  forty  seconds  of  available  anesthesia  after  the 
removal  of  the  face-mask  ;  but  with  this  mixture  anesthesia  can  be 
maintained  while  an  operative  pri)cetiure  of  some  length  is  being  car- 
ried on.  Ordinarily,  nitrous  oxid  is  not  to  be  used  as  an  anesthetic  in 
the  reduction  of  a  dislocation,  the  .setting  of  a  fracture,  the  examination 
of  a  joint,  or  the  stretching  of  the  .sphincter,  because  it  causes  muscular 
rigidity ;  but  nitrous  oxid  mixed  with  oxygen  docs  not  produce  rigidity. 

Primary  Anesthesia. — Where  ether  is  rapidly  inhaled,  there 
arises  in  many  cases  a  temporary  condition,  in  the  t;arly  period  of  the 
administration,  in  which  the  patient  is  confused,  but  not  unconsciou.-i, 
and  yet  has  no  appreciation  of  pain.  This  stage  is  known  as  primary 
anesthesia.  It  lasts  about  thirty  seconds,  and  during  its  continuance  a 
simple  operation,  like  the  opening  of  an  abscess,  may  be  performed 
without  pain.  In  order  to  induce  primary  anesthesia  the  patient  should 
be  recumbent,  with  one  arm  raised  vertically.  He  should  count  out 
loud.  An  Allis  inhaler  is  placed  over  the  mouth  and  nose,  and  ether 
is  poured  on  .steadily.  In  a  little  time  the  counting  becomes  irregular 
and  confused,  or  is  .stopped  entirely ;  the  arm  drops  to  the  .side,  and  the 
time  has  come  for  operating. 

I/OCal   Anesthesia. — Local   anesthesia  can   be  induced  by  cold. 

Cold  may  be  brought  to  bear  upon  a  part  by  tiic  use  of  ice  and  salt 

Arnott's  plan),  the  injection  of  iced  water,  spraying  the  part  with  ether 

Benjamin  Ward  Richardson),  with  rhigolene  (Bigelow).  or  with  ethyl 

chlorid.     If  ice  is  used,  it  is  to  be  broken  up  very  fine,  and  i   part  of 
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salt  is  mixed  w-ith  2  parts  of  ice.  The  miKture  is  wrapped  up  in  a 
piece  of  cheese-cloth  and  laid  upon  the  part.  In  about  fifteen  or 
twenty  minutes  the  skin  bhtnchcs.  and  the  part  is  ready  for  operation. 
The  spray  of  ethyl  chlorid  is  the  most  rapid  and  convenient  means  of 
freezing.  The  drug  is  furnished  in  a  glass  tube  with  a  narrow  neck, 
which  is  kept  closed  with  a  brass  screw-piece  (Bengue's  apparatus). 
When  a  part  is  to  be  frozen,  the  brass  cap  is  removed,  and  the  tube  is 
held  in  the  palm  of  the  hand,  .so  as  to  warm  it.  A  fine  spray  of  ethyl 
chlorid  is  projected  through  a  small  opening  in  the  neck  of  the  bulb  and 
thrown  upon  the  surface  to  be  frozen.  The  tube  should  be  held  8  to 
10  inches  from  the  skin  of  the  patient.  As  the  skin  freezes,  it  suddenly 
whitens ;  it  will  remain  anesthetic  for  several  minutes.  Freezing  of  the 
part,  no  matter  how  it  is  brought  about,  is  in  most  instances  not  thor- 
oughly satisfactorj-.  Of  nccessitj-,  a  larger  area  is  frozen  than  requires 
to  be  cut  The  freezing  makes  the  tissues  hard  and  difficult  to  divide, 
and  alters  verj'  much  their  appearance.  The  process  of  freezing  is 
itself  painful,  and,  occasionally,  sloughing  follows  the  procedure. 

Freezing  is  satisfactory  only  when  we  wish  to  make  a  small  incision 
or  a  puncture— for  instance,  opening  an  abscess,  tapping  a  hydrocele,  or 
penetrating  the  skin  with  a  needle  to  introduce  Schleich's  fluid.  Local 
anesthesia  can  be  obtained  to  a  certain  extent  by  the  use  of  electricity. 
This  has  been  [larticularly  employed  in  dentistry.  In  some  cases 
needles  are  introduced  into  the  tissues  and  the  current  i.i  passed.  In 
other  cases,  the  electric  current  is  used  to  carrj'  cocain  into  the  tissues 
(electrical  cataphoresis).  Local  anesthesia  may  be  induced  by  the 
local  application  of  certain  drugs.  In  some  cases,  the  agent  is  applied 
to  the  surface :  in  others,  it  is  injected  into  the  tissues. 

Cocain. — Cocain  is  a  ver>'  usefu!  agent.  It  wilt  anesthetize  mucous 
membranes  if  applied  to  the  surface,  but  to  aflect  the  skin  and  deeper 
structures  the  drug  must  be  injected.  It  is  instilled  into  the  conjunc- 
tival sac.  injected  into  the  urethra  and  bladder,  painted  upon  the  larynx, 
and  sprayed  into  the  nares.  In  the  vast  majoritj-  of  cases  the  use  of 
cocain  is  productive  of  no  harm.  In  many  ca.ses  it  produces  shght 
toxic  symptoms.  In  some  cases  grave  symptoms  follow  its  use,  and 
in  a  few  reported  cases  it  has  ])roduceil  death  {sec  chapter  on  Am-stli,-ties). 
Injection  about  the  head  is  more  dangerous  than  in  other  regions  (Wolf- 
lerV  A  warm  solution  is  more  efficient  than  a  cold  solution,  and  as  less 
of  it  will  produce  anesthesia,  it  is  the  safer.  Hecause  of  the  dangers 
which  possibly  reside  in  cocain,  it  should"  be  administered  while  the 
individual  is  recumbent,  and  at  the  first  sign  of  trouble,  active  treat- 
ment should  be  instituted  (see  chapter  on  Ariestlietics).  In  anesthetizing 
the  eye.  the  strength  of  the  solution  of  cocain  varies  from  i  to  4  per 
cent.,  according  to  the  depth  and  duration  of  anesthesia  required.  If 
a  foreign  body  is  to  be  removed  from  the  surface,  a  i  per  cent,  solution 
is  used.  If  a  cataract  is  to  be  extracted,  a  4  per  cent,  solution  is 
employed.  A  drop  or  so  of  the  fluid  is  instilled  every  ten  minutes, 
undl  three  instillations  have  been  made;  the  parts  will  then  be  entirely 
insensitive.  In  the  nose,  pharynx,  larjnx,  and  tonsils,  the  strength 
of  the  solution  varies  from  2  to  so  per  cent,  A  strong  solution  is 
fer  safer  when  u.scd  in  the  larj'nx  than  in  the  pharynx  or  esoph- 
agus.     Over  \  grain  must  not  be  injected  under  the  mucous  mem- 
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Iiriiiif  iif  tlu-  iiitmth  (Stoerk).  Over  \  grain  should  not  be  applied 
In  A  iiitii'iMis  Hurfacc.  In  the  urethra  a  4  per  cent  solution  is  in- 
\v\W\\  \  in  llu-  l>l;uliler  a  2  jKr  cent,  solution  is  used.  For  the  vulva, 
v.i^;in.i,  .uiil  iitiTus  a  5  jxt  cent,  solution  is  employed ;  for  the  rectum 
41  1;  |M-r  a  lit.  sohition  is  cnipioyed,  pieces  of  cotton  being  saturated 
with  lln-  ilriit;  ;uul  introduced  into  the  rectum.  To  secure  insensibility 
»>l'  iho  skin.  iiH.iin  must  be  injected  with  a  h>-podermic  syringe.  The 
Kululion  should  be  ol"  the  strvnj^h  of  1  or  2  per  cent,  and  it  is  desirable 
lo  li.ne  it  warm.  More  than  \  tjrain  should  never  be  injected, especially 
aluuit  llu-  I.K.V  and  jrvnitals.  The  surget^n  should  be  careful  not  to 
llunw  the  tlrti^  into  a  vein.  The  injection  is  made  into  the  skin,  but 
iidt  into  thi'  snbi'utanet^us  areolar  tissue.  Injection  into  the  subcutane- 
oii-i  liisne  i-i  Unh  danjiertms  and  unsatisfactory'. 

yt,:'e.\i  -"  i't\v:i,-i. — ll"  the  n-jjion  is  suitable,  a  rubber  band  should 
Ik"  a)t)>lie\l  ,>lv>w  tho  seat  t>f  ojxTation.  A  sharp  needle  is  placed  at  an 
anj;l\-  i»f  4>~"  to  the  surtacc  and  pushed  throuj;h  the  epiderm  and  into. 
Imt  nm  tUu*u^h,  the  Mat[Kj;hian  layer.  A  minim  or  so  of  the  solu- 
l»\M»  IV  fi>r\-v\l  »'in  I'f  the  syrinp.'.  A  whitened  elevation  »iU  be  formed. 
Thi-  m.x\IU-  !■*  withitrawn,  and  .it  the  m.ir^n  of  the  whitened  area  and 
t;>  ths-  \lu\vtiv>n  >h  whivh  the  incisiv^n  is  to  be  mode,  the  n^iMlIe  is 
m■*^■t!v^^  ,(j;,i:n  ,lu^l  au^'thor  minim  v»r  sv^  lorci\J  oat.  When  the  area 
whu-S  IS  to  Iv  oix.n.»:>.-\i  .'H  h.\s  Ux-n  i;!rcv-:cvi.  the  s-.:r^:eto  waits  fi\-e 
m:;v.i;vi  a;tvi  then  j>rvs.\-v\is  with  the  vxx-ratton.  .Xner  the  skir.  has  been 
^h\;,j,Nl,  -.t"  :t  ts  t>,vNVssar>"  tv  cu:  the  s-.:Sru:a;ic\->us  ::ss-.;<<,  a  few  drops 
v"*  a  t  "jV:  iv;;;  svv;-,:::^*;".  »v"  cwoin  on-  ;v.*ur*\:  :r.:,''  the  wouad  tirom 
lt:;».'  !■.»  ;-.:;j.-  -Vrt-.t  the  vwiuxottv.v^  v.v  the  v'txTir-vi.  the  co!Lstrictiag 
K^"^^;  ■•  \v\-iV^N.\'-  to;  svxv-a!!  stwvtis  a::>;  rea».r-s5e%i  5.-r  ssr^Tsal  tcfnures. 
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ing  a  drug  over  both  supra-orbital  notches.  Injection  over  the  ulnar 
nerve  causes  anesthesia  of  the  entire  nerve- distribution.  This  plan  has 
been  used  extensively  in  the  clinic  at  Helsingfors,  and  over  200  opera- 
tions have  been  peribmied  (amputation  of  the  finger,  the  toe,  circum- 
cision, etc.). 

Schleich's  Infiltration  Anesthesia. — Schleich  was  impressed  with 
the  facts  that  not  only  is  cocain  sometimes  dangerous,  but  it  is  often 
u  n  satis  facto  rj',  because  it  is  not  diffused  widely  enough  to  anesthetize 
anastomosing  nerve-fibers.  It  was  long  ago  pointed  out  by  Leibreich 
that  an  injection  of  water  produces  anesthesia,  but  also  causes  pain 
(painful  anesthesia).  Schleich  found  that  injection  of  normal  salt  solu- 
tion produces  no  pain  and  causes  no  anesthesia ;  but  if  0.2  of  a  i  per  cent, 
solution  is  injected  no  pain  is  produced,  but  the  part,  if  uninflamed, 
becomes  distinctly  anesthetic.  In  order  to  obtain  anesthesia  from  salt 
solution,  the  area  must  be  infiltrated  and  di.stended.  This  anesthesia  is 
due  to  pressure  and  to  slight  irritation  of  the  nerves.  Schleich  found, 
further,  that  if  minute  quantities  of  cocain,  carbolic  acid,  and  mor- 
phin  arc  added  to  the  salt  .solution,  the  anesthetic  effect  is  greatly 
intensified  and  prolonged,  and  can  be  distinctly  obtained  even  in  inflamed 
tissues. 

The  reason  that  such  dilute  solutions  of  these  drugs  have  a  distinct 
anesthetic  influence  is  because  the  process  of  infiltration  brings  the 
fluid  into  direct  contact  with  all  the  nerve-filaments  of  a  considerable 
area.  Schleich  uses  one  of  three  solutions,  all  of  which  are  sterile, 
should  be  recently  made,  and  should  be  cooled  on  ice  just  before 
using. 

Solution  \o.  I  is  the  strong  solution,  and  is  used  for  operations 
upon  inflamed  and  hyperesthetic  areas.     It  is  composed  of — 

Q  Cocain.  mur.,  ,20; 

Morph.  mur.,  .025 ; 

Sodii  chlor,  .20; 

Aq.  dest..  ad  lOO.OO. 

Sterilize  solution,  and  add  gtt.  ij  of  5  per  cent,  carbolic  acid. 

Solution  No.  2  is  the  one  commonly  employed.     This  consists  of — 

^  Cocain.  mur.,  .10; 

Morph.  mur.,  .025  ; 

Sodii  chlor.,  ,20; 

Aq,  dest,  ad  lCK>.oo. 

Sterilize,  and  add  carbolic  acid  as  above  directed. 

The  third  solution  is  mild  and  employed  for  slight  operations  upon 
nearly  normal  tissues.     It  consists  of — 

I^  Cocain.  mur,  .01  ; 

Morph.  mur.,  .005 ; 

Sodii  chlor..  .20; 

Aq.  dest.,  100.00. 

Sterilize,  and  add  carbolic  acid  as  above  directed. 

Mtthod. — An  ordinary  aseptic  hjiwdermic  syringe  is  employed.  It 
is  well  to  freeze  with  ethyl  chlorid  the  point  of  skin  where  the  needle 
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is  to  be  first  inserted.  In  dealing  with  a  mucous  membrane,  instead  of 
freezing  it  should  be  touched  with  pure  carbolic  acid,  or  with  a  little 
cocain.  If  the  tissues  are  inflamed,  tlie  first  injection  should  be  made 
in  sound  tissue,  and  the  subsequent  ones  in  inflamed  tissue.  The 
needle  is  inserted  obliquely,  and  its  entire  length  is  carried  into  the 
Malpighian  layer  (Fig.  i8o);  a  few  drops  are  forced  out,  and  a  white 


-jf 


Fig.  iBo. — ^The  syringp-poinl  stops  at  the  papillary  layer, 
and  the  fluid  lodges  !□  the  skm  itself  (Vin  Hook). 


Fig.  179. — Showing  how  the 
successive  wheals  .ire  rnised,  Ihe 
point  of  the  syringe  being  inserted 
at  the  points  marked  by  Ihe  duts 
(Van  tfook). 


FiC.  iflt. — Showing  mode  of  injecting  the  fluid  under  an 
abscess  (Van  Hook). 
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wheal,  looking  like  a  mosquito  bite,  is  formed  (Van  Hook).  The  area 
occupied  by  the  wheal  becomes  at  once  anesthetic.  At  the  margin  of 
tiie  wheal  the  needle  is  reinserted,  more  fluid  is  forced  out,  and  the 
process  is  carried  on  in  this  way  until  the  required  area  is  infiltrated 
(Fig.  179).  The  skin  will  remain  anesthetic  for  at  least  twenty  minutes. 
If  other  structures  besides  the  -skin  require  to  be  anesthetized,  the 
needle  is  pushed  into  the  deeper  tissues  and  they  are  infiltrated.  Lund 
says  that  the  infiltration  should  be  around  and  underneath  the  tissues, 
so  as  to  encompass  thcni  with  artificial  edema.  Fascia,  mu.scles,  and 
periosteum  can  be  anesthetized  as  well  as  the  skin  (Van  Hook).  When 
the  anesthesia  is  complete,  the  skin  is  incised  and  the  operation  i.i  pro- 
ceeded with.  If  a  nerve-trunk  is  exposed,  it  should  be  touched  with 
pure  carbolic  acid  (Schleich).  There  will  be  very  little  bleeding,  but  if 
it  becomes  necessary  to  clamp  a  vessel  before  applying  the  forceps,  it 
should  be  touched  with  pure  carbolic  acid.  Injections  can  be  made 
into  an  abscess- wall,  but  are  never  made  into  an  abscess -cavity,  the  sac 
of  a  cyst,  or  the  tissue  of  a  tumor  (Lund).  Ti.ssues  which  have  been 
subjected  to  infiltration  seem  to  have  their  vital  resistance  lessened,  and 
are  more  hable  to  infection  than  are  non-infiltrated  tissues, 

Eucain. —  Eucain   is   used  in  the  same  manner  as  cocain,  and  is 
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extensively  employed  as  a  substitute  for  the  latter.  It  has  great 
advantages.  It  is  decidedly  safer  than  cocain  ;  a  solution  of  it  can  be 
rendered  sterile  by  boiling,  without  altering  the  composition  of  the 
drug,  and  it  produces  complete  insensibility.  When  used  in  the  eye  it 
produces  considerable  smarting  and  burning,  and  when  used  in  the 
urethra  and  bladder  may  lead  to  inflammation.  In  a  certain  number 
of  cases,  injection  into  the  tissues  causes  persistent  sloughing.  This  is 
particularly  true  in  fatty  tissue,  in  the  matrix  of  the  nails,  in  burs^.  and 
in  tendon-sheaths.  This  tendency  to  cause  sloughing  in  some  cases  is 
the  only  objection  to  its  employment,  and  is  apparently  the  only  reason 
why  it  does  not  completely  displace  cocain. 


LOCAL  BLOOD-LETTING. 

Bleeding  may  be  practised  for  its  local  effect;  it  is  then  known  as 
local  bleeding  or  depletion.  It  may  be  employed  for  its  constitutional 
effect,  and  it  is  then  known  as  phlebotomy  or  venesection.  Local 
bleeding  may  be  carried  out  by  puncture,  by  scarification,  by  leeching, 
or  by  cupping.  In  puncturalion  or  puncture  many  punctures  arc  made 
tlirough  the  skin,  and  they  are  not  carried  deeper  than  the  subcutaneous 
tissue.  The  punctures  can  be  made  by  means  of  a  tenotome,  a  needle, 
or  a  sharp-pointed  bistourj-.  When  numerous  punctures  are  made,  the 
procedure  is  often  spoken  of  as  multiple  puncture.  Puncture  is  not 
only  useful  in  abstracting  blood  locally,  but  it  also  relieves  tension  in 
regions  of  inflammation.  By  scarification  or  incision  we  mean  the 
making  of  many  small  incisions.  These  cuts  may  be  deep,  but,  as  a 
rule,  they  are  not  carried  entirely  through  the  skin.  After  scarification, 
the  application  of  warm  aseptic  fomentations  will  maintain  the  flow  of 
blood  and  serum. 

IfCeches  are  not  used  as  frequently  as  in  former  days.  Regions 
which  contain  large  amounts  of  loose  cellular  tissue  should  not  be 
leeched.  Such  regions  are  the  prepuce,  the  labia  majora,  the  scrotum, 
and  the  eyelids.  It  is  not  wise  to  leech  the  face,  because  of  the  perma- 
nent scar  which  will  result :  nor  should  leeching  be  carried  out  near  spe- 
cific ulcers  or  inflammations,  or  near  a  superficial  artery,  vein,  or  nerve, 
A  leech  is  never  applied  over  the  focus  of  inflammation,  but  is  placed 
between  the  inflammation  and  heart,  or  at  the  periphery  of  the  inflam- 
mation. In  epididymitis  the  leeches  arc  applied  over  the  spermatic 
cord,  and  in  ocular  inflammation,  to  the  temple.  Before  applying  a 
leech,  the  part  should  be  washed,  and  shaved  if  it  is  hairy.  If  the 
leech  refuses  to  take  hold,  smear  the  part  with  milk  or  with  a  little 
blood.  Place  the  leech  upon  the  surface  under  a  glass  tube  or  an 
inverted  wine-glass.  A  leech  should  not  be  pulled  off,  but  should  be 
permitted  to  drop  off",  and  it  can  be  caused  to  drop  off  at  any  lime  by 
sprinkling  it  with  salt.  After  the  leech  has  dropped  off.  if  we  desire 
the  bleeding  to  continue  for  some  time,  apply  warm  aseptic  fomenta- 
tions. If  bleeding  persi.sts  inordinately,  it  may  be  arrested  by  the  use 
of  .Hiyptic  cotton  and  pressure.  A  Swedish  leech  will  draw  from  4  to 
6  drams  of  blood,  the  American  leech  only  about  one-half  this  quan- 
tit>'.     Hcurteloup's  artificial  leech  is  in  reality  a  wet  cup. 

l>ry  Cupping. — A  dry  cup  brings  about  local  depletion  by  draw- 
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tng  blood  from  the  depths  to  the  surface  of  the  body.  Of  course,  by 
the  use  of  a  dry  cup  no  blood  is  actually  abstracted.  A  cupping-glass 
is  a  small  glass  which  has  at  its  top  a  valve  and  a  stopcock.  Such  a 
glass  is  placed  upon  the  sktn.  an  air-pirnip  is  fastened  to  it,  and  as  the 
air  is  exhausted  the  skin  bulges  into  the  cup.  When  the  air  has  been 
exhausted  to  the  required  degree,  the  stopcock  is  closed  and  the  air- 
pump  is  withdrawn,  the  cup  being  left  in  place  for  a  few  minutes. 
When  we  desire  to  remove  the  cup.  the  stopcock  is  opened,  and  the 
air  immediately  enters.  Cupping  can  be  done  in  an  emergency  by 
taking  a  tumbler,  placing  in  it  a  piece  of  paper  soaked  with  alcohol, 
lighting  thi.s  paper,  and  inverting  the  glass  rapidly  and  placing  it  upon 
the  skin.  In  order  to  remove  such  a  glass,  press  the  finger  beneath 
the  edge  of  the  glass  and  raise  it  from  the  skin,  so  that  the  air  will 
enter. 

Wet  Cupping'. — Before  applying  wet  cups  the  skin  should  be 
sterilized.  A  dry  cup  is  applied  to  draw  a  considerable  amount  of 
blood  to  a  part ;  the  cup  is  removed,  and  the  skin  is  cut  by  touching 
the  spring  of  a  scarificator — an  instrument  that  contains  numerous 
blades,  which  fly  out  when  the  spring  is  loosened.  After  the  employ- 
ment of  the  scarificator,  the  cup  is  again  applied,  and  is  retained  in 
place  as  long  as  the  blood  continues  to  flow.  Instead  of  applying  the 
scarificator,  a  few  incisions  may  be  made  through  the  skin  by  means 
of  a  scalpel. 

Phlebotomy  or  Venesection. — The  instruments  which  are  neces- 
sary for  this  operation  are  a  lancet  or  bistoury,  a  fillet  or  tape,  an  and- 
septic  pad,  and  a  bandage.  The  patient  sits  in  a  chair,  with  the  arm 
abducted,  e.Ktended,  and  inclined  a  little  outward.  The  surgeon  stands 
to  the  right  of  the  arm.  the  parts  are  thoroughly  asepticized,  and  the 
tape  is  tied  around  the  arm  in  order  to  make  the  veins  prominent 
(Fig.  183).  Some  surgeons  cause  the  patient  to  grasp  a  stick 
firmly  and  work  the  fingers,  in  order  to  make  the  veins  swell.  The 
puncture  can  be  made  in  either  the  median  cephalic  or  median  basilic 
vein,  the   median  basilic  being  the  one   usually  selected  (Fig.   183). 


Fig.  I Ba.— Incisions  for  venesection 
(Bernard  and  Heuetic). 


Fin.  183. — Superficial  veins  in  front 
of  cIIhjw  (Hpmnrdand  Heuettc). 


The  operator  must  be  careful  not  to  cut  completely  through  the  vein, 
because  the  brachial  artery  is  directly  beneath  it.  The  surgeon  steadies 
the  vein  with  the  thumb  and  divides  it  two-thirds  through  by  an  oblique 
cut.     The  thumb  is  removed  and  bleeding  goes  on.     When  the  patient 
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becomes  faint,  the  fillet  is  removed,  a  pad  of  antiseptic  gauze  is  placed 
over  the  puncture,  and  a  spiral  reversed  bandage  of  the  hand  and  fore- 
arm and  a  figure-of-8  of  the  elbow  are  applied.  Tlie  arm  is  placed  in 
a  sling  and  carried  there  for  several  days.  If  the  individual  is  extremely 
fat,  or  is  a  child  in  whom  the  veins  in  front  of  the  elbow  cannot  be 
easily  found,  venesection  may  be  practised  on  the  external  jugular 
vein.  Sometimes  bleeding  may  be  carried  out  by  opening  llic  internal 
saphenous  vein. 

lotraTCnous  Injection  of  Saline  Fltlid. — Injections  of  saline 
fluid  are  extremely  useful  in  the  treatment  of  shock,  hemorrhage, 
sepsis,  and  suppression  of  the  urine.  The  best  instrument  to  employ 
is  Colin's  apparatus  {Fig.  184).  This  consists  of  a  bell-shaped  metal 
reservoir  which  has  a  syringe  attached  to  it.  To  the  end  of  the 
syringe  is  fastened  a  rubber  tube,  which  terminates  in  a  metal 
cannula.  Between  the  reservoir  and  the  syringe  is  a  ball  valve. 
which  renders  the  passage  of  air  impossible.  When  the  reservoir 
is  filled  with  fluid,  every  time  the  pi.ston  of  the  syringe  is  pulled 
out,  \  ounce  of  the  fluid  passes  into  the  barrel  of  the  syringe; 
and  every  time  the  piston  is  pushed  in  \  ounce  of  fluid  is  pro- 
jected from  the  cannula.  Before  using  this  instrument  it  should 
be  carefully  sterilized.  If  Colin's 
apparatus  is  not  at  hand,  a  glass 
funnel  attached  by  a  rubber  tube 
to  an  aspirating  trocar  will  make 
a  very  satisfactory  instrument.  -  As 
a  rule,  the  injection  is  made  into 
the  median  basilic  vein,  but  if  the 
patient  is  much  collapsed  and  the 
veins  are  small,  the  basilic  itself  is 
chosen.  A  tapte  is  tied  around  the 
arm  above  the  elbow  to  make  the 
veins  prominent.  The  surface  is 
sterilized,  an  inci.sion  is  made  over 
the  line  of  the  vein,  and  the  vessel 
is  exposed  to  the  extent  of  about 
an  inch  or  more.  A  catgut  liga- 
ture is  passed  around  the  lower  end 
of  the  exposed  portion  of  the  vein 
and  tied,  A  small  transverse  incision  is  made  in  the  middle  of  the 
expo.sed  portion  of  the  vein,  and  the  cannula,  filled  with  fluid,  is 
introduced  in  the  direction  of  the  heart.  A  catgut  ligature  is  passed 
around  the  portion  of  the  vein  carrying  the  cannula,  and  one  knot  is 
lied.  This  second  ligature  brings  the  vein-walls  into  close  contact  with 
the  cannula  and  prevents  leaking  (Fig.  184).  The  saline  fluid  is  slowly 
introduced.  When  a  sufficient  amount  has  been  given,  the  cannula  is 
removed,  the  second  ligature  is  tied,  the  skin-incision  is  closed  with 
sutures,  and  an  aseptic  dressing  is  applied  to  the  part. 


I — ^^^^^ 


Fin.  1S4. — Intravenous  injccrion  of  saline 
fliiitl(DaCoita). 


Hypodennoclysis.  —  Hypodermoclysis    is   the    introduction    of 
saline  fluid  into  the  subcutaneous  cellular  tissue.     The  fluid  can  be 
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introduced  by  means  of  a  fountain  syringe  and  an  aspirating  trocar 
and  cannula.  After  the  skin  has  been  sterilized,  the  trocar  is  plunged 
into  the  subcutaneous  tissue  of  the  loin,  buttock,  scapular  region,  or 
submammary  region.  The  trocar  is  withdrawn,  the  cannula  being  left 
in  place.  A  fountain  syringe  has  been  previously  filled  with  hot  sterile 
salt  solution ;  the  tube  of  this  syringe  i.s  attached  to  the  trocar,  and  the 
reservoir  is  hung  several  feet  above  the  level  of  the  bed.  The  fluid 
runs  in  slowly,  and  absorption  will  be  greatly  facilitated  by  occasion- 
ally rubbing  the  infiltrated  area.  After  about  a  pint  has  been  intro- 
duced, the  cannula  is  removed,  and  the  small  puncture  in  the  skin  is 
covered  with  collodion,  If  the  condition  of  the  patient  is  such  that 
more  than  a  pint  must  be  given,  the  operation  is  repeated  in  another 
region. 

Intramuscular  Injections. — These  injections  may  be  used  in 
cases  of  paralysis,  strychnin  being  the  drug  which  is  usually  employed. 
The  limb  is  placed  in  a  position  to  make  the  muscle  tense,  the  needle  is 
pushed  directly  into  the  thickness  of  the  muscle,  and  the  fluid  is  slowly 
introduced. 


Injections  of  Mercury  for  Sj^philis. — Injections  may  be  made 
into  the  subcutaneous  tissue  of  the  loins,  buttocks,  or  scapular  regions 
(.see  Syphilis).  Injections  may  also  be  made  into  the  veins  (Bacelli.  J. 
Ernest  Lane,  Abadie,  and  Lewin).  The  solution  used  is  a  i  per  cent. 
solution  of  cyanid  of  mercury,  20  minims  being  injected  every  day 
or  every  other  day.  A  tape  is  applied  around  the  arm  to  make  the 
veins  in  front  of  the  elbow  prominent.  The  surface  is  sterilized, 
and  the  needle  is  inserted  into  the  most  prominent  vein  and  toward 
the  heart.  The  bandage  is  removed,  the  fluid  is  slowly  injected,  and 
the  hypodermic  needle  is  withdrawn.  Digital  pressure  is  made  over 
the  puncture  for  a  few  seconds. 

Stomach-tube. — The   stomach-tube   is   employed  to   empty  the 

stomach  of  poisonous  material,  to  obtain  the  secretions  of  the  stom- 
ach for  testing,  to  introduce  food,  or  to  wash  out  the  stomach 
(lavage  or  irrigation). 

The  ordinary  .stomach-tube  is  made  of  red  rubber,  and  is  about  30 
inches  long  and  \  inch  in  diameter.  It  is  introduced  while  the  patient 
is  sitting  with  his  body  erect  and  his  head  thrown  back.  The  tube 
is  warmed  and  anointed  with  glycerin.  The  surgeon  stands  in  front 
of  the  patient,  introduce.s  his  left  forefinger  and  the  tube  into  the 
mouth,  and  carries  the  tube  to  the  back  of  the  pharynx  while  the 
finger  directs  it  over  the  epiglottis.  From  the  back  of  the  pharynx  it 
is  carried  gently  into  the  stomach,  the  patient  facilitating  its  passage 
by  making  attempts  to  swallow. 

If  we  desire  to  give  food  through  the  tube,  as  must  sometimes  be 
done  in  cases  of  profound  melancholia,  after  the  instrument  has  been 
pa.ssed  into  the  stomach,  a  funnel  is  placed  in  the  free  end  of  the  tube 
and  liquid  food  poured  slowly  into  the  funnel.  For  the  purpose  of 
feeding  an  insane  person  it  is  usually  preferable,  however,  to  carry  a 
small  tube  along  the  floor  of  the  nares  and  into  the  pharynx,  and  pour 
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the  liquid  food  into  a  funnel  which  is  attached  to  the  free  end  of  the 
tube. 

In  order  to  wash  out  the  stomach  (lavage  or  irrigation),  the  tube 
should  be  60  inches  long  with  a  diameter  of  ^  inch.  One-third  of  the 
tube  is  introduced  as  directed  above.  Lukewarm  water  is  poured  in 
through  the  funnel,  and  is  permitted  to  run  out  bysiphonagc;  the 
process  is  repeated  until  the  water  runs  out  clear. 

The  washing  should  be  practised  before  breakfast,  when  the  stomach 
is  empty,  except  in  those  cases  in  which  there  are  much  distention  and 
misery  at  night,  and  then  it  should  be  employed  at  night,  four  hours 
after  supper.  If  much  mucus  is  present,  a  i  per  cent,  solution  of  com- 
mon salt  or  a  3  per  cent,  solution  of  sodium  bicarbonate  should  be 

(used  instead  of  lukewarm  water. 

In  cases  of  poisoning,  the  stomach  should  be  washed  out  as  above 
directed,  and  the  antidote  can  be  added  to  the  fluid  which  is  introduced. 
Some  physicians,  however,  still  prefer  to  employ  the  stomach-pump  in 
poisoning  cases. 

In  order  to  obtain  the  gastric  juice  for  examination,  the  procedure  is 
as  follows :  The  secretion  of  gastric  juice  is  stimulated  by  introducing 
food  in  the  early  morning,  when  the  stomach  is  empty.  The  patient 
is  given  Ewald's  test-breakfa.st.  which  consists  of  a  dry  roll  and  \  of 
a  pint  of  tepid  water  or  very  weak  tea.  In  one  hour  the  stomach- 
tube  is  introduced.  The  stomach-lube  used  for  this  purpose  has 
an  opening  in  the  end  and  two  lateral  openings,     After  the  tube  has 

I  been  introduced,  the  contents  of  the  stomach  can  be  extracted  by 
the  use  of  a  syringe  or  pump,  by  the  expansion  of  a  compressed  elastic 
ball  (Mallard),  or  by  Ewald's  "method  of  expre.ssion."     In  Ewald's 

.method  the  surgeon  makes  abdominal  pressure,  or  the  patient  tries  to 

'eject  the  fluid,  and  the  .stomach-contents  are  forced  out  of  the  tube. 

The  Rectal  Tube. — ^This  tube  may  be  used  to  withdraw  gas  or  to 
introduce  fluids.  The  instrument  should  be  made  of  soft  rubber,  and 
must  be  used  very  gently.  A  hard  instrument  may  inflict  great 
damage,  and  the  forcible  use  of  any  instrument  may  be  productive  of 
harm.  In  order  to  introduce  a  rectal  lube,  the  patient  is  placed  upon 
his  left  side,  and  the  tube  is  warmed  and  anointed  with  glycerin.  The 
surgeon  introduces  the  grca.sed  index  finger  of  his  left  hand  into  the 
rectum,  using  it  to  direct  the  tube  as  it  is  being  passed  by  means  of 
the  right  hand.  Occasionally,  the  tube  catches  in  a  mucous  fold  and 
bends  upon  itself.  If  doubling  occurs,  the  tube  should  be  withdrawn 
and  introduced  again. 

If  the  surgeon  desires  to  introduce  fluid  into  the  intestine,  the  pro- 
jecting end  of  the  tube  is  attached  by  means  of  a  large  piece  of  rubber 
tubing  to  a  fountain  syringe  or  a  reservoir  bottle,  and  fluid  is  allowed 
to  run  into  the  rectum  by  the  influence  of  gravity. 

In  order  to  treat  intussusception  by  inflation,  the  patient  is  anes- 
thetize*!, a  tube  is  inserted  into  the  rectum,  the  outside  of  the  tube 
around  the  anus  being  iiackcd  with  cotton,  which  is  held  by  an  a.ssist- 
ant.  This  tube  is  connected  by  means  of  a  rubber  tube  with  a  pair  of 
bellows.  The  child  is  inverted,  and  the  bellows  are  worked  slowly 
(T.  Pickering  Pick). 
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Intussusception  may  be  treated  by  hydrostatic  pressure.  The 
patient  is  prepared  as  for  inflation.  A  fountain  syringe  filled  with  warm 
normal  salt  solution  is  raised  3  feet  above  the  bed  after  being  attached 
by  means  of  a  long  tube  to  the  rectal  tube.  In  an  infant  of  less  than 
one  year  of  age,  not  over  \\  pints  can  be  introduced  with  safety.  The 
fluid  is  allowed  to  remain  in  the  intestine  for  five  or  ten  minutes  and  is 
then  permitted  to  run  out. 

In  order  to  give  an  enema,  employ  an  ordinary  fountain  syringe. 
The  nozzle  should  be  introduced  just  within  the  sphincter.  Great 
gentleness  should  be  employed,  because  injury  may  be  done  to  the 
rectum  by  a  careless  person.  It  is  better  not  to  employ  a  hard  nozzle 
at  all,  the  portion  of  the  tube  which  enters  the  rectum  being  of  soft 
rubber.  Such  a  tube  is  introduced  as  directed  above,  and  the  fluid  Is 
permitted  to  flow  in  slowly.  Glycerin  can  be  injected  by  means  of  an 
ordinary  syringe. 

A  nutritive  enema  can  be  injected  into  the  rectum  by  means  of  an 
ordinary  syringe,  or  thrown  in  by  a  fountain  syringe.  A  nutritive 
enema  should  never  be  bulky ;  a  considerable  amount  of  fluid  will  be 
almost  certainly  expelled,  and  5ij  is  an  amount  which  should  not  be 
exceeded. 


CHAPTER    XIV. 


ANESTHETICS    AND   SURGICAL   ANESTHESIA. 


THE  PHARMACOLOGY  OF  ANESTHETICS. 

The  diffcre filiation  of  narcotics  into  anesthetics  and  hypnotics  is 
based  mainly  on  practical  grounds,  and  is  not  a  strict  one.  A  sub- 
stance may  be  used  in  one  case  to  abohsh  the  sensation  of  pain — that 
is,  as  an  anesthetic,  and  may  serve  in  another  case  to  induce  sleep,  as 
a  hypnotic. 

Moreover,  tlie  anesthesia  may  be  a  general  one.  if  produced  by 
influence  on  the  central  nervous  system,  or  only  localized,  if  the  periph- 
eral sensory  ncrvc-t-ndings  arc  direclly  acted  upon.  In  the  present 
chapter  we  shall  consider  only  briefly  the  pharmacology  of  substances 
used  in  surgery  to  produce  general  insen.-iibility.  This  surgical  anes- 
thesia is  characterised  by  loss  of  consciousness,  loss  of  sensibility,  and 
muscular  relaxation. 

Quite  a  number  of  chemical  substances  or  their  mi.vtures  have  been 
tried  for  this  purpose  since  surgical  anesthesia  was  first  practically 
demonstrated  by  Morton — now  over  fifty  years  ago.  All  the  sub- 
stances which  have  been  employed  to  induce  a  more  or  less  marked 
general  anesthesia  are  volatile  at  ordinary  temperatures.  Their  vapors, 
mixed  with  air,  are  inhaled,  and  in  time  produce  in  the  subject  experi- 
mented on  the  characteristic  conditions  which  constitute  surgical  anes- 
thesia. How  are  these  effects  produced  ?  Many  hypotheses  have 
been  brought  forward  to  throw  light  upon  this  question,  but  the  true 
causation  of  anestliesia  still  remains  unknown. 

From  the  first,  ane^esia  was  thought  (o  be  pniduced  by  an  indirect  inHucnce  upon  the 
central  nervoui  lyUem.  Faure  believed  thni  narco-iis  was  clue  to  stimulalion  nf  Ihe  vagi, 
(olkmed  t>y  cessation  of  Ihc  pulmonary  circuloii.m  and  coapilolion  of  the  bluod  in  ihe  pul- 
nKmic  vj^etn.  Lie  believi-d  ihal  the  chlornform  *iit\  not  enrer  ar  all  into  the  blood,  Diea- 
laloy,  Krishabcr.  and  Claude  llemanl  repudialiil  this  theory.  Snow  believed  that  the 
peripheral  sensory  nerve*  were  made  in?en7.iblc  by  chlorofcinii,  and  thai  (he  cenlml  nervous 
nuetn  played  do  pan  in  general  iine^l1ie<il,t,  Claude  Ilemanl  showed  Ihal  the  theory  llial 
Darciiiii  wa»  due  Id  circulatory  changes  in  Ihe  brain  vtas  incorrcci.  He  proved  that  anemia 
of  the  brain  was  tiol  the  caufe  of  nnrcor^i^,  but  only  the  sei^uel  of  it.  Later,  narco^i^  pro- 
duced by  cbttDical  substances  wn<  ihnught  lo  be  >lue  to  an  impairment  of  oiidalion,  and  la 
he  infire  or  le^  idenlitied  with  asphyxia.  It  was  believed  that  through  ihe  influence  of 
vhloroform  or  other  narcotic*  the  nunnal  oxidalion-]viwcr  of  ihe  red  blood. corpuscles  was 
inlrrfered  with  by  their  partial  destruction,  ami  thai  narco^i-'  was  the  rr.sull. 

ItoetU-'ber  Ixus  shown  that  chloroform  dissolves  retl  blood -corpuscles  in  the  pre^nce  of 
Mmni|iheric  air.  and  Konwelch  noticed  thai  o<iyhemoglobin  does  not  oxidize  cerlain  sub- 
Mances  in  the  presence  of  chloroform,  which  otherwise  would  be  onidiied.  Thc*e  obser- 
Mliiiri^  have  been  nude  only  upon  MihxI  oul.side  Ihe  body,  never  while  circnlaling  in  Ihe 
f^mi.  If  Ihe  tc<l  corpuscles  wrrc  di^-solvt-d  during  nortotirafinn.  hcmoglnbinuria  would 
in^tably  be  the  sequel ;  but  such  change*  in  Ihe  urine  do  ncti  take  ])lace.  That  the  etln  t 
piadoced  by  anesihetics  i'  tiot  deperidcnl  upon  chaUEC  in  the  ted  blood  tiirpui-lc-  has 
ima  {nuven  beyond  duuhi.  Ijrwiswin  showed  llial  a  fiog  whose  blood  was  replaced 
by  ttit  solution  can  be  narcoli£e<l  quite  as  well  as  a  normal  fn:^.  only  the  procev  takes  a 
IcH^CT  titne.     Animals  without  red  blood  ate  affected  by  anesthetics  in  the  tame  way  as 
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Ihnse  Ihal  liBve  red  blood.  Even  plants  may  he  aiiosfhcliied  (Marcel).  Thai  ancslhesia 
produced  l>y  narcotics  W  tiol  caused  by  a&phyxia  was  lirsl  e^howri  by  Claude  Bernard-  He 
showed  that  cerebral  eirculatitm  wa.'.  not  Ihe  same  in  narcosis  as  in  asphyxia.  That  respi. 
ration  i&  also  difTerent  in  Lbe  Iwo  cases  was  demon stratef^  by  Knnll.  In  recent  years  Ihe 
same  aulhur,  in  collaboration  with  M.  I'ick.  has  even  dcmnnstnited  Ihal  Ibc  tyi>e  of  relum- 
ing resfiiralion  in  rcsuscilniion  after  ordinary  asphyxia  differs  from  that  which  follows  stop. 
page  of  respitalion  in  aneslheaia- 

Through  the  experimental  researches  of  Claude  Bernard.  Flourens, 
Hitzig,  Benisteiii,  and  others,  it  has  been  proved,  and  is  now  generally 
accepted,  that  narcosis  due  to  anesthetics  is  produced  by  a  specific 
action  of  these  substances  on  the  central  nervous  system,  and  that  the 
blood,  or,  in  the  case  of  plants,  the  circulatory  nourishing  fluid,  acts 
only  a.s  the  carrier  of  the  anesthetic.  How  this  specific  action  on  the 
central  nervous  system  is  produced  .still  remains  a  mystery. 

Claude  Bernard  thought  that  the  nerve-cells  were  reduced  under 
the  influence  of  narcotics  to  a  state  of "'  semi-coagulation  ; "  Binz  treated 
parts  of  the  brain  directly  with  narcotics,  and  noticed  changes  in  the 
ner\'e-cells.  The.se  views  are  very  interesting,  but  they  have  not 
enlightened  us  as  to  the  real  cause  of  the  production  of  narcosis. 
Whether  this  will  ever  be  done  is  doubtful,  for  the  changes  in  the 
nerve-cells  produced  by  anesthetics  must  be  only  temporary,  or,  if  I 
mav  say  so,  functional,  and  not  organic.  Otherwise  it  would  be  impos- 
sible to  understand  how  the  normal  functions  of  the  central  nervous 
system  may  be  so  quickly  restored  when  the  anesthetic  is  removed  and 
uncontaminaled  air  is  inhaled.  In  short,  we  know  only  that  general 
anesthesia  is  produced  by  the  action  of  an  anestlietic  upon  the  central 
nervous  system  ;  the  process  itself  is  unknown.  To  produce  general 
anesthesia,  the  narcotic  must  be  taken  up  by  the  blood,  or,  in  the  case 
of  plant.s,  by  the  circulating  fluid  (Arloing).  With  animals,  the  only 
practical  way  is  by  inhalation.  Intravenous  injections,  administration 
by  the  mouth,  subcutaneous  or  intramuscular  injections,  or  rectal 
administration  (Abner  Post  and  Bull)  of  the  anesthetics  all  produce  a 
varying  amount  of  narcosis  after  the  substance  has  been  taken  into  the 
circulation ;  but  none  of  these  methods  has  any  real  advantage  over 
inhalation.  In  most  of  them  the  local  irritant  action  of  the  anesthetic 
is  generally  more  marked,  and  besides,  a  proper  regulation  of  the 
absorption  is  more  difficult.  The  local  irritant  properties  of  all  anes- 
thetics must  be  strictly  separated  from  their  general  effects.  As  a 
result  of  this  local  irritation,  increa.sed  salivation  and  bronchial  secre- 
tion are  to  be  observed  when  an  anestJietic  is  inhaled.  Besides  this 
local  action,  a  reflex  effect  may  be  observed,  especially  in  rabbits.  As 
soon  as  such  an  animal  inhales  the  first  whiff  of  ether,  respiration  and 
circulation  cease  immediately,  to  begin  again  after  a  few  seconds.  This 
sudden  cessation  of  respiration  and  circulation  is  due  to  reflex  stimula- 
tion of  the  trigemini  and  the  superior  laryngei ;  it  docs  not  occur  if 
both  trigemini  arc  cut,  and  is  less  marked  when  the  laryngei  are  .sev- 
ered (F.  Franck).  This  same  sudden  standstill  of  respiration  and  cir- 
culation is  said  to  occur  also  in  human  beings,  especially  with  ether, 
and  the  sudden  death  sometimes  observed  at  the  beginning  of  narcosis 
is  thus  explained.  But  this  reflex  effect  produced  by  ether  and  some 
other  narcotics  is  by  no  means  a  peculiar  property  of  these  substances, 
for  other  irritants,  such  as  ammonia,  produce  the  same  phenomenon. 
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As  soon  as  the  anesthetics  have  passed  the  primary  respiratory 
channels,  they  enter  the  lungs,  are  there  absorbed  by  the  blood,  and 
by  way  of  the  left  ventricle  are  distributed  through  the  whole  body. 
It  is  only  then  that  the  genera!  or  constitutional  effect  of  the  narcotic 
is  produced.  The  laws  governing  the  absorption  of  anesthetics  from 
the  lungs  are  of  the  utmost  theoretical  and  practical  importance.  It  is 
to  Paul  llert  that  we  owe  most  of  our  knowledge  on  this  point.  From 
his  experiments  he  deduced  the  fundamental  law  that  the  absorption  of 
the  anesthetic  and  the  proportion  wiiich  is  retained  in  the  blood  and 
system  are  dependent  on  purely  physical  facts,  other  things  being  equal 
in  the  condition  of  the  subject  narcotized.  The  intensity  of  action 
depends  on  the  partial  tension,  or  the  volume  per  cent.,  of  the  anes- 
thetic— that  is,  on  the  fixed  quantity  6f  the  narcotic  contained  in  the 
inspired  air.  From  a  certain  mixture  of  an  anesthetic  the  blood  con- 
tinues to  absorb,  until  the  partial  tension  of  the  anesthetic  in  tlie  blood 
is  equal  to  its  partial  tension  in  the  air  inhaled.  If  inhalation  is  con- 
tinued, the  blood,  and  therefore  the  subject  under  narcosis,  cannot  lake 
up  a  greater  proportion  of  the  anesthetic  than  is  contained  in  the  air 
inspired.  If  a  new  mixture  of  air  with  a  higher  partial  tension  is  now 
used,  the  blood  will  again  absorb  more  of  the  narcotic,  until  equilibrium 
is  re-established  between  the  partial  tension  of  the  gas  in  the  blood 
and  the  gas  in  the  air  of  inspiration.  Since  only  the  quantity  of  a 
poison  actually  circulating  in  the  system  acts  as  poison,  the  intensity 
of  action  of  an  anesthetic  will  depend  not  only  on  the  total  quantity 
employed,  but  on  its  partial  tension  in  the  air  inhaled.  The  quantity 
of  an  anesthetic  used  in  a  narcosis  is  therefore  no  real  indicator  of  the 
condition  of  the  subject  during  narcosis.  A  small  quantity,  if  inhaled 
in  concentrated  form— that  is,  under  a  high  partial  tension — will  act 
much  more  vigorously  than  a  larger  quantity  more  diluted  with  air. 
The  law  of  partial  tensions  guides  the  study  of  the  physiological 
eflects  of  anesthetics  and  the  determination  of  the  best  possible  con- 
dition for  producing  anesthesia. 

Thus,  Spencer  fuunil  ihst  animals  nperimenlcfl  on  were  not  nnicitiied,  even  nflet  Iwo 
bauT«,  if  Ihe  inhaled  nir  conlaiiicd  only  (.5  vol.  per  cenl.  clhcr ;  if  the  air  conlaineU  2.5 
•u).  !«[  cenl.  ether,  the  resulting  imrcosiiwa.s still  incomplete.  With  3.19-3.62  vol.  percent. 
ether,  ctiinplele  narcosis  was  obiained  in  rabbits  and  cat!,  in  twenty-five  minutes.  Narcusis 
Could  be  maintained  for  hours  without  any  harmful  intluences  upon  reapiralion  or  circulation. 
Paul  Bert,  anil  recently  Drcser.  had  already  uieJ  suth  gmduated  mixtures  of  anesthetics 
■nd  «ir  to  produce  narcosis  in  human  subjects  with  ^ood  results.  M-  Kosenfeld  nude 
BtniUt  eiperiiDents  with  chloroform  U{ion  rabbits,  tie  found  thai  in  using  chloroform  of 
cgd-LOl  vol.  per  cenl.,  rabbits  could  be  kept  nsrcotijed  for  hours  without  respiratory 
ilanditill.  With  higher  percentages  standstill  occurred,  and  with  lower  percentages  nar- 
cosis was  intrmiplele. 

Anesthetics  are,  as  we  have  already  stated,  absorbed  from  the  lungs 
by  the  blood,  but  they  arc  not  present  simply  in  solution.  At  least, 
this  is  not  the  case  with  chloroform.  SchmietJebcrg  supposed  that  the 
chloroform  entered  into  a  kind  of  combination  with  certain  substances 
of  the  blood,  and  was  thus  transportci!  into  the  different  parts  of  the 
system.  Pohl  has  recently  demonstrated  that  the  chloroform  Is  loosely 
combined  with  the  morphological  elements  of  the  blood.  He  found 
that  dtiring  narcosis  the  red  corpuscles  contained  more  chloroform 
than  the  scrum ;  but  this  combination  of  red  corpuscles  and  chloroform 
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is  a  very  loose  one,  for  all  the  chloroform  may  be  separated  by  a  stream 
of  air.  The  effects  of  all  anesthetics  upon  the  circulation  are  more  or 
less  marked.  As  is  very  well  known,  chloroform  is  a  much  more  pow- 
erful depressant  than  uther.  The  effects  upon  the  circulation  are  due 
to  the  direct  action  of  the  anesthetic,  partly  upon  the  heart  and  partly 
upon  the  vessels.  The  action  upon  the  heart  consists  in  a  direct  paral- 
ysis of  the  motor  ganglia;  as  a  sequel,  the  heart-beat  will  be  less  vig- 
orous, and,  if  the  paralysis  is  complete,  the  heart  may  come  to  a  stand- 
still even  before  respiration  stops.  Such  a  condition  may  be  observed 
both  in  human  beings  and  in  the  lower  animals. 

Tlie  (liiecl  influence  uiJon  ihe  lieatiinusele  hns  licen  recenlly  sluiiied  by  Diebalia  on  llie 
isolated  fnij{'!i  heart.  He  compaied  the  quantitalive  actions  of  liifltretit  narcolicb,  using 
these  subslances  in  their  nioltn:ul3r  proponiuna.  He  found  in  the  main  noqualilativt-  differ- 
encr  in  tbe  atlion  of  Ihc  narcotics  used.  According  lo  the  ctinccmra[iim  of  ihe  narcotic,  he 
observed  a  wcjkeniiL]^  uf  the  hearl'&  action,  more  or  less  distinct  aihvthmia  of  the  move- 
meniB,  and,  wiili  larger  doses,  a  diastolic  slandslill  of  the  heart.  He  never  observed  an 
increased  action  of  llie  heart  under  any  narcotic.  In  certain  stages,  es|ieriBlly  in  the  begin- 
ning it  f  narciij^is,  he  foun<l  an  inf^tQ^*  of  pulse-vuluine ;  in  others,  the  number  of  heart- 
beats was  increased.  Either  symploni,  howcvor,  docs  iiol  in  ilacif  tonstilule  an  intreuseil 
action  of  the  heart.  I'he  total  work  of  the  heart  d<me  in  a  given  time  musr  \ik  (^ken  into 
consideration,  and  an  experimental  proof  that  ether  really  dues  increase  the  absolute  work 
of  Ihc  heart,  as  is  often  claimed  by  clinicians,  is  still  wanting. 

From  Dicballa's  comparative  studies  of  different  narcotics  we  learn, 
as  was  already  generally  admitted,  that  chloroform  is  the  most  power- 
ful heart-poison  of  all  the  narcotics.  The  isolated  frog's  heart  was 
brought  to  a  standstill  by  a  solution  of  chloroform  containing  0.126 
per  cent.  To  produce  the  same  eftect,  ethyl  broniid  had  to  be  used  in 
12  times,  ether  in  48,  and  alcohol  in  192  times  .stronger  molecular  con- 
centration. Besides  the  direct  paralyzing  effect  of  narcotics  on  the 
heart-muscle,  the  vasomotor  centers  are  also  affected.  As  a  result  of 
the  decrease  of  the  heart's  action  and  the  dilatation  of  the  arteries,  we 
see  during  narcosis  a  con.stant  fall  of  blood-pressure  of  an  amount  vary- 
ing with  the  substance  used.  For  chloroform  it  is  very  characteristic, 
much  less  so  for  ether. 

As  to  the  pharmacological  action  of  narcotics  upon  the  central 
nervous  system,  a  general  rule  may  be  laid  down  that  the  cerebrum  is 
first  paralyzed,  then  the  spinal  cord,  and  lastly  the  medulla  oblongata. 
It  is  characteristic  of  a  typical  narcosis,  at  least  in  animals,  that  the 
respiratory  center  is  last  paralyzed,  and  that  death  is  due  to  respira- 
tory standstill.  The  majority  of  e.v peri m enters  admit  this  general  rule. 
Clinical  experience,  however,  has  shown  us  many  ca.ses  of  death  under 
ancstlictics,  due  to  a  primary  standstill  of  the  heart ;  controversy  on 
this  point  is  still  .sometimes  very  strong.  That  a  primary  standstill  of 
the  heart  may  be  the  cause  of  death  may  easily  be  explained  by  the 
direct  action  of  narcotics  upon  the  heart-muscle. 

The  general  and  gradual  way  in  which  narcotics  paralyze  the  cen- 
tral nervous  system  has  been  given  above,  but  the  different  narcotics 
show  marked  individtial  differences  in  their  effects.  Chloroform  and 
ether  act  more  or  less  in  the  same  way.  With  ethyl  bromid  sensation 
is  abolished  very  soon,  but  respiration  stops  almost  .as  -soon  as  reflexes 
disappear.  Such  individual  differences  exist  for  pentane,  or  amylene,  as 
it  was  formerly  called,  for  methylene  chlorid,  ethylene  chlorid,  and  all 
the  other  narcotics  that  have  been  tried.     For  nitrous  oxid  it  is  charac- 
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teristic  that  complete  surgical  anesthesia  is  possible  under  ordinary  cir- 
cumstances only  wiien  atmospheric  air  is  shut  off  The  individual 
characteristics  of  each  of  the  narcotics  influence,  of  course,  its  prac- 
tical use.  Some  may  therefore  be  safely  used  in  minor  surgery,  which 
puid  be  absolutely  useless,  or  even  dangerous,  for  major  operations. 

I  In  concluding,  the  writer  would  like  to  draw  attention  to  the  so-called 

postnarcotic  changes  produced  by  anesthetics.  Ry  long-continued  use 
of  chloroform,  fatty  degeneration  of  internal  organs  has  been  caused 
(Saenger,  Ungar.  Juncker,  Frankel.  etc.);  and  death  occurring  after 
successful  narcosis  and  operation  has  been  attributed  to  these  changes. 
Recently.  W.  Seibach  studied  the  after-effects  of  long-protracted  ether 
narcosis.  He  found  that  ether  could  be  regarded  as  causing  almost  no 
fatty  degeneration.  Dreser  found  after  ethyl-bromid  narcosis  a  con- 
stant e.vcretion  of  bromin  in  the  urine  hours  after  the  subject  had 
recovered  from  the  narco.si.s.  He  feels  inclined  to  believe  that  ethyl 
bromid  is  per.si.stently  retained  in  the  system  and  possibly  transformed 
into  a  more  poisonous  substance.  He  explains  thus  the  accidents 
which  may  happen  after  ethyl-bromid  narcosis  has  been  successfully 
accomplished.  Dreser's  observation.^  give  us  one  more  proof  of  the 
greater  to.Kicity  of  narcotics  containing  halogen. 

SURGICAL  ANESTHESIA,  GENERAL  AND  LOCAL. 

An  anesthetic  is  an  agent  that  abolisiies  sensation.  It  may  be 
general  or  local.  The  former  affects  the  entire  system,  and  produces 
unconsciousness ;  the  latter  affects  only  that  part  of  the  body  to  which 
it  is  directly  applied.  Ane.sthesia.  the  state  produced  by  an  anesthetic, 
may  be  primary  or  complete.  The  former  lasts  but  a  few  moments, 
while  the  latter  may  be  prolonged  indefinitely,  at  tiie  will  of  the  anes- 
thctizer.  The  conditions  of  hfe  or  state  of  health,  as  regards  age, 
injury,  or  disease,  are  few  in  which  a  judicious  use  of  anesthetics  m.^y 
not  safely  be  resorted  to  with  benefit  in  case  of  necessity. 

General  Anesthesia. — General  surgical  anesthesia  was  demon- 
strated in  public  for  the  first  time,  and  thus  became  an  established, 
practical  fact,  at  the  Massachusetts  General  Hospital  on  Friday, 
October  [6,  1846.  The  drug  used  upon  that  occasion  was  sulphuric 
ether.  The  administrator  w.is  William  T.  G.  Morton.  The  operator 
was  John  C.  Warren.  The  operation  was  the  removal  of  a  vascu- 
lar tumor  from  the  neck.  It  is  a  singular  fact  that  during  half  a 
century's  experience  with  anesthetics  no  safer  or  better  agent  for 
general  use  has  been  discovered:  and  furthermore,  that  the  method  of 
administration  by  means  of  the  cone  adopted  in  the  early  days  of 
anesthesia  is  still  in  very  general  use,  and  is  perhaps  more  commonly 
employed  than  any  other  special  method. 

The  principal  general  anesthetics  are  ether,  chloroform,  and  nitrous 
oxid  gas.  Various  mixtures  and  combinations  of  these  agents  with 
each  other,  with  alcohol,  and  with  other  subst,inces  have  been,  from 
lime  to  time,  suggested.  Bichlorid  of  methylene,  bromid  of  ethyl, 
pental,  and  other  drugs  have  been  employed,  but  none  of  them  has 
gained  the  confidence  of  any  considerable  proportion  of  the  profession. 
The  two  principal  anesthetics  the  world  over  are  ether  and  chloroform. 
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The  former  is  in  general  use  in  the  northern,  middle,  and  western  parts 
of  this  country,  while  in  the  southern  portion  and  in  most  foreign 
countries  chloroform  is  the  favorite.  Bichlorld  of  methylene  was 
used  to  some  extent  in  England  at  one  time,  especially  by  Spencer 
Wells.  The  agent  used  by  him  under  this  name  was  composed  of  4 
parts  of  chloroform  and  i  part  of  methylic  alcohol.  The  effects  were 
practically  the  same  as  those  of  chloroform,  even  including  the  fatal- 
ities. Various  compounds,  such  as  mixtures  of  cJiloroform  and  ether, 
have  been  sold  under  that  name,  while  the  genuine  chemical,  bichlorid 
of  methylene  (C^HjCU),  is  devoid  of  anesthetic  properties,  For  these 
reasons  alone,  this  agent  may  very  properly  be  considered  as  being 
unworthy  of  further  attention.  Bromid  of  ethyl  (not  ethylene,  which 
is  a  very  dangerous  agent)  resembles  nitrous  oxid  in  the  promptness 
with  which  the  patient  passes  under  and  out  of  its  influence.  The 
effect  of  the  drug  disappears  in  a  few  moments  after  the  inhalation  is 
stopped,  leaving  the  subject  in  his  usual  condition.  From  the  fact  that 
several  deaths  have  occurred  from  its  use,  and  also  that  it  is  rather 
unstable,  being  changed  by  exposure  to  light  and  air  to  a  dangerous 
compound,  this  agent  will  never  supplant  the  older  and  more  reliable 
anesthetics. 

Various  anesthetic  mixtures  have  been,  and  are  now.  used  to  a 
limited  extent  all  over  the  world.  The  most  common  one  is  the 
A.  C.  E.,  or  "Ace  of  Spades"  mixture.  It  is  composed  of  alcohol, 
1  part;  chloroform,  2  parts;  and  ether,  3  parts,  by  measure.  The 
"Vienna  mixture"  is  composed  of  1  part  chloroform  and  6  parts 
ether.  The  use  of  the  various  mixtures  of  anesthetic  agents  has  never 
met  with  the  approval  of  any  considerable  proportion  of  the  profession, 
for  the  reason  that  their  advantages  over  the  single  drugs  are  not  suf- 
ficiently pronounced  and  decisive  to  lead  to  their  adoption.  In  the 
writer's  opinion,  the  rule  of  prescribing  single  drugs  in  the  treatment 
of  ordinary  diseases,  which  has  been  recommended  by  many  of  our 
best  therapeutists,  applies  with  especial  force  to  the  use  of  anesthetics. 
It  is  a  comparatively  simple  matter  to  estimate  the  effects  of  single 
drugs,  while  it  may  be  very  difficult  or  impossible  to  judge  rightly  of 
the  effects  of  the  same  drugs  when  given  in  combination  with  others 
equally  potent. 

Dr.  Schlcich  of  Berlin  has  advBiiired  the  Opinion  that  ihe  nhsorption  of  a  general  ane5- 
ihclic  i9  dependent  upon  iht  sunniinilinB  lemperalure,  and  also  upon  Ihe  boiling  point  or 
mnximum  of  evaporation  of  the  agent  employed.  If  [lie  temperature  of  raaiimum  evap- 
oration cortf^iJoiided  to  that  of  the  hody,  then  as  much  of  the  vnjjot  woutii  be  exhaled 
a5  is  inhaled  nl  everj-  re^pirntioti.  nnd  no  narcifti^  wouUI  rMuli.  <5n  the  other  hand,  the 
hittlier  the  maNiinum  point  of  evaporation,  the  nioie  of  Ihe  anesthetic  ia  absorbed  ar;d  the 
longer  it  remains  in  the  system.  Chlorofonii  haviny  a  maximum  point  of  149°  F.,  more 
of  it  is  inhaled  and  retained  at  each  in^pimlion  than  of  ether,  whose  highest  evaporating 
point  is  93'  F.  To  bring  this  maximum  evaporating  point  nearer  to  [he  lemperatnre  of  ibc 
body.  Schleich  has  su^Bc'-lcd  three  solutions  by  volume,  as  follows ; 

No.  1.  Chhiroforra,  iji  ounces  (48  gm. )  ;  peltoleutn  ether  (beniin).  %  ounce  (16  gro, )  ; 
sulphuric  ether,  6  ounces  (192  gm. ). 

No.  Z  is  the  -san^e  as  No.  1.  except  that  it  contains  5  ounces  (l6ogm. )  of  sulphuric  ether. 

No.  3  is  composed  of  chloroform,  1  ounce  (jigm. )  ;  petroleum  cllier.  y^  ounce  (l6gm. )  ; 
and  sulphuric  ether,  2'^  ounces  {80  gm.). 

The  advantages  claimed  for  this  method  of  anesthesia  are  saving  of  time  in  going  under 
and  coming  out  of  its  influence  -,  the  fact  that  less  excileraenl,  cyanosis,  and  mucous  secre- 
tion result  from  its  use.  and  also  less  vomiting  and  bronchitis.  The  absolute  safety  of  these 
solutions  is  open  to  suspicion. 
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Sulphuric  ether,  the  safest  and  best  anesthetic  yet  discovered  for  or- 
dinary surgical  work,  is  made  from  sulpluiricacid  and  alcohol.  Abso- 
lute ether  has  a  specific  gravity  of  .718  at  a  temperature  of  59°  F., 
while  that  used  for  anesthetic  purposes,  as  Squibb's,  has  a  specific 
gravitj'  of  .725  at  the  same  temperature.  It  is  clear,  colorless,  very 
volatile;  it  has  a  pungent  odor,  and  should  leave  no  residue  whatever 
upon  evaporation.  Pother  should  remain  clear  on  adding  a  little  oil  of 
copaiba.  This  drug  is  best  kept  securely  corked  in  tin.  and  in  a  cool, 
dark  place.  The  vapor  is  more  than  two  and  a  half  times  as  heavy  as 
atmospheric  air  (sp.  gr.  2.5S),  while  that  of  chloroform  is  a  little  more 
than  four  times  as  heavy.  The  fact  should  be  constantly  borne  in  mind 
that,  owing  to  the  inflammable  nature  of  ether  and  its  rapid  vaporiza- 
tion, much  the  larger  proportion  of  the  vapor  falls  rather  than  rises. 
The  slight  amount  of  danger  to  be  apprehended  from  the  ignition  of 
ether  is  shown  by  the  fact  that  for  more  than  thirty  years  tlie  night 
surgery  at  the  Boston  City  Hospital  has  been  done  under  a  six-light 
chandelier  not  over  3  feet  above  the  patient's  head,  and  no  accident  of 
this  sort  has  ever  occurred  in  consequence.  Accidents  from  ignition 
of  ether  are  rare,  easily  prevented,  and  should  not  militate  in  the  least 
degree  against  its  use. 

Circumstances  permitting,  there  are  certain  precautions  to  be  taken 
before  giving  ether.  The  stomach  should  be  empty,  to  avoid  vomiting 
in  the  early  stages  of  anesthesia.  For  this  reason  it  is  well  for  the 
patient  to  abstain  from  all  .solid  food  and  from  milk  for  at  least  six  hours 
previously.  A  little  bouillon,  clear  soup,  or  coffee  may  be  taken  a  couple 
of  hours  before  the  inhalation  ;  and  in  weak  or  ejchausted  people  a  little 
stimulant  should  be  given  by  mouth  or  rectum  shortly  before  the  anes- 
thetic. Another  excellent  plan  in  such  cases  is  to  give  from  ^j  to  ^ 
gr.  (gm.  .005-.00S)  of  morphin  sulphate  under  the  skin,  just  prior  to 
the  ether.  It  steadies  the  nervous  system,  fortifies  the  anesthetic,  and 
controls  the  pain  to  a  certain  extent  when  the  effects  of  the  ether  pass 
away,  thereby  in  some  instances  preventing  the  vomiting,  a  reflex 
symptom  depending  oftentimes  upon  the  pain.  The  bowels  and  blad- 
der should  also  be  emptied,  the  former  by  means  of  an  enema,  and  the 
latter  by  a  catheter,  if  necessary.  The  patient  should  be  dressed 
warmly  and  loosely  about  the  neck  and  waist,  to  allow  of  free  circu- 
lation and  respiration.  Great  care  should  be  taken  throughout  the 
period  of  uncon.sciousness  to  preserve  the  patient's  body-heat,  as  this 
is  one  of  the  principal  factors  in  the  prevention  of  shock.  Whatever 
anesthetic  is  selected,  it  should  always  be  given  in  the  presence  of  a 
tliird  person,  in  order  that  the  anesthetist  may  thereby  receive  any 
assistance  necessary,  and  ai.so  that  no  unjust  accusation  may  be 
brought  against  him  afterward  by  female  patients.  Neglect  of  this 
rule  has  brought  unmerited  disgrace  upon  more  than  one  innocent 
man  in  the  past,  by  reason  of  erotic  delusions,  which  are  occasionally 
present  under  the  narcotic.'  It  is  his  duty  to  thus  protect  himself,  as 
well  as  the  patient  and  her  friends. 

'  A  rifiiti<J  in  Knglnnil  wn.<  iccusrd  by  n  wnmnn  nf  criminnl  atsault  while  nhc  wris  uniltt 
Ihe  inSiience  of  rhloroform.  iillhou((h  her  fnlher,  nioihtr,  a  pby^ciBn.  ninl  ihf  <lcn[isl'>  assist- 
tDt  WFre  prrtcnt  during  ihp   entirr  prrind    of    nanrosis  (TumliuM,   Arlifivitit  Annlhtiio, 
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Mode  of  Administration. — A  great  many  different  inhalers  for  giving 

ether  have  been  devised  from  time  to  time,  but,  aside  from  economy  in 
the  amount  of  tlie  drug  consumed,  they  are  of  comparatively  little  use. 
Good  judgment  and  a  thorough  knowledge  of  the  process,  derived 
from  a  proper  training  and  experience,  are  the  principal  requisites  of  a 
good  etherizer,  and  no  form  of  apparatus  yet  devised  can  take  the  place 
of  these  attributes.  As  a  rule,  more  skill  and  care  are  required  in  the 
use  of  tlie  inhalers  than  in  that  of  the  cone  and  its  modifications.  The 
closed  inhalers  arc  pernicious  from  the  fact  that  the  air  '\%  breathed  over 
and  over  again,  becomes  loaded  with  carbonic  acid,  and,  at  times,  is  apt 
to  he  too  heavily  charged  with  the  narcotic,  thereby  producing  cyanosis 
and  other  unfavorable  symptoms.  While  these  objections  are  less 
applicable  to  the  open  inhalers,  yet  both  kinds  are  often  so  compli- 
cated or  inefficient,  without  compensating  advantages,  that  they  have 
not  received  the  general  approval   of  the  profession. 

Special  inhalers  naturally  find  their  chief  field  of  usefulness  in  hos- 
pitals, where  large  amounts  of  ether  are  consumed.'  With  a  good 
inhaler  a  skilful  etherizer  can  save  from  ^o  to  50  per  cent,  in  the 
amount  of  drug  required  to  accomplish  the  same  work,  as  compared 
with  the  ordinary  cone. 

I.)f  (lie  iiumertius  ioholcrs  which  have  been  biouEhl  ou!  rrom  lime  lo  time,  menlifin  may 
be  made  of  Oovcr's.  Ormaby's,  and  Lfule's  115  eiotnplesof  Ihe  tUised  varieties,  and  of  Allis's 
und  Iflake's  a&  Lype»  cf  the  open  kind.  The  latter  open  iniialer.  now  in  use  at  (he  Boston 
Cily  Hospilnl,  is  solisfaclory  fnun  the  fncl  that  it  is  simple,  cheap,  easily  used  and  tieanfed, 
and  accomplishes  all  that  can  reasonably  be  expected  of  any  inhaler.  T(  is  a  truncated, 
somewhat  flaKened  (in  cone,  u-ilh  an  inDated  rubber  nm.  and  a  wire  frame  inside,  about 
which  is  wrapped  a.  lillle  ordinan'  rbum  in  hold  Ihe  elher.  Thi*  cone  is  re.idily  cleansed  by 
aimplv  running  bol  waler  through  it  and  pulling  in  fresh  gau^e.  \N'ilh  (his  apparatus  a 
careful  and  skilful  niiestbeli^ei  need  nu(  use  over  half  the  amount  of  ether  that  be  would 
with  Ihe  ordiiwiy  itapkin  cone. 

From  the  earliest  days  of  modern  anesthesia,  the  most  common 
method  of  administeiing  ether  has  been  upon  a  towel  folded  in  the 
shape  of  a  bowl,  and  stiffened  with  paper  placed  between  the  two  outer 
layers,  which  also  serve  partially  to  confine  the  vapor.  The  straw  culT 
of  the  marketman  is  objectionable  from  the  fact  that  it  cannot  be  kept 
clean  and  fresh,  which  is  of  the  greatest  importance  in  the  avoidance 
of  "  inhalation  pneumonia."  Kverj'  patient  should  take  his  anesthetic, 
whatever  it  may  be,  from  a  thoroughly  clean  and  fresh  inhaler,  as  no 
other  is  either  safe  or  decent.  The  principal  objection  to  the  napkin 
is  the  unnecessary  amount  of  ether  wasted.  This  is  best  obviated  by 
having  the  sides  of  the  inhaler  made  of  an  impervious  material,  such  as 
tin,  while  the  opening  at  the  top  should  be  sufficiently  large  to  allow 
a  free  ingress  of  air.  There  should  be  a  generous  air-space — 50  to  60 
cubic  inches — about  the  mouth,  in  onler  that  the  patient  may  be  spared 
the  sensation  of  insufficient  room  for  breathing.  A  free  and  easy  cir- 
culation of  air  throuf^h  the  inhaler,  whatever  its  shape  or  kind,  is  indis- 
pensable to  a  satisfactory  apparatus.  Pure  air  charged  with  ether- 
vapor,  in  the  projwr  proportion — best  estimated  by  its  effects  upon  the 
patient — is  the  mo.st  de.sirable  mixture  for  safe  and  efficient  anesthesia. 

'  The  cost,  at  wholesale  price,  of  the  elbei  used  at  the  Boslon  City  Jlogpital  in  1896  nas 
about  fzjoo. 
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The  patient,  warmly  and  loosely  clothed,  should  lie  in  an  easy 
position  upon  his  back,  with  his  head  moderately  raised.  False  teeth, 
tobacco,  gum,  and  any  other  foreign  substance  should  be  removed 
from  liis  mouth.  A  basin,  gag,  tongue-forceps,  and  towels  should  be 
at  hand,  and  al!  preparations  for  the  operation,  or  whatever  is  to  be 
done,  should  be  made  out  of  the  patient's  sight  and  hearing,  livery- 
thing  in  his  room  should  be  done  quietly,  without  excitement  or  con- 
fusion. He  is  to  be  assured  that  although  the  vapor  is  not  pleasant, 
yet  it  is  perfectly  safe ;  that  plenty  of  time  will  be  given  him  ;  that  he 
shall  not  be  hurried,  and  that  nothing  will  be  done  until  he  is  sound 
asleep.  He  is  to  be  instructed  not  to  resi.st,  but  to  resign  himself 
readily  to  the  influence  of  the  drug,  to  close  his  eyes,  and  to  breathe 
naturally  through  the  nose  or  mouth,  as  is  most  agreeable  to  himself 

At  first,  the  inhaler  should  be  held  about  a  foot  from  the  face,  and 
gradually  brought  nearer,  as  he  becomes  accustomed  to  the  vapor. 
The  cardinal  rule  to  be  observed  in  administering  ether  is  never  to 
give  it  in  such  concentration  as  to  interfere  with  natural  respiration  or 
cause  coughing,  choking,  or  holding  of  the  breath.  All  of  these 
symptom.s  rapidly  disappear  upon  allowing  a  few  breaths  of  fresh  air. 
The  inhaler,  after  being  replenished  with  ether,  should  not  be  placed  as 
close  to  the  face  as  before,  but  gradually  returned  to  its  former  position, 
thereby  avoiding  the  overwhelming  cfTccts  of  the  vapor,  as  indicated  by 
coughing  and  efforts  to  get  away  from  it.  The  natural  regular  respi- 
ration affords  the  best  means  of  saturating  the  system  with  the  anes- 
thetic, and  its  employment  is  attended  with  the  least  unpleasant  effects. 
The  custom  of  constantly  nagging  or  urging  the  patient  to  breathe 
deeper  or  faster  is  not  judicious,  as  neither  time  nor  comfort  is  gained 
thereby.  It  would  be  well  for  every  physician  to  inhale  ether  once  to 
the  point  of  unconsciousness,  in  order  that  he  might  fully  appreciate 
the  importance  of  giving  the  drug  carefully  and  slowly.  The  dreadful 
sensation  of  suffocation,  which  in  the  va.st  majority  of  cases  is  avoid- 
able, leaves  upon  the  patient's  mind  a  lasting  antipathy  to  the  agent. 

Except  in  the  case  of  verj'  young  children,  hasty  or  forced  etheri- 
zadon  in  the  early  stages  is  unnecessarj'  and  cruel,  and  may  be  harm- 
ful. Too  sudden  application  of  the  vapor  irritates  the  mucous  mem- 
brane of  the  air-passages,  excites  spasm  of  the  lar)-ngeal  and  respiratory 
muscles,  and  closes  the  glottis,  thereby  inducing  the  horrible  sensation 
of  suffocation.  The  patient  naturally  struggles  for  fresh  air  according 
to  his  strength,  and  more  or  less  brute  force  is  required  to  rc-sti-ain  him 
within  bounds.  Aside  from  the  alcoholic,  the  hysterical,  and  the 
extremely  nervous  people,  these  unpleasant  manifestations  are  entirely 
unnecessary  and  avoidable.  The  great  majority  of  patients  can  be  put 
under  the  influence  of  ether  in  from  ten  to  twenty  minutes  with  little 
or  no  restraint,  and  without  undergoing  the  disagreeable  experience  of 
impending  suffocation.  Patience,  good  judgment,  proper  training,  and 
experience  are  the  chief  requisites  of  an  efficient  cthcriEcr. 

The  indications  of  complete  anesthesia  arc  stertorous  respiration, 
muscular  relaxation,  as  shown  by  moving  the  arms  without  provoking 
resistance,  and  absence  of  corneal  reflex  The  latter  test  should  be 
resorted  to  as  little  as  possible,  as  a  troublesome  conjunctiwtis  occa- 
aonally  follows  its  abuse. 
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The  primary  object  of  anesthesia  being  the  prevention  of  pain,  com- 
plete muscular  relaxation  is  in  many  cases  unnecessary.  The  patient 
knows  nothing  and  feels  nothing,  and  for  these  reasons  many  opera- 
tions can  be  well  done  without  his  being  etherized  to  the  point  of 
absence  of  all  reflex  muscular  movement.  In  the  reduction  of  dislo- 
cations and  in  variou.s  other  manipulations,  more  or  less  complete 
relaxation  of  the  muscles  is  essential ;  but  in  many  operations,  there 
can  be  no  doubt,  more  ether  is  given  than  is  really  necessary,  thereby 
needlessly  prolonging  the  narcosis,  increasing  the  unpleasant  after- 
effects, and  often  adding  to  the  shock  and  prostration.  One  of  the 
principal  objections  to  the  use  of  any  anesthetic  is  the  fact  that  the 
operator  maj'  thereby  be  led  to  ignore  the  flight  of  time,  to  the  detri- 
ment of  the  patient.  It  is  true,  In  a  general  way,  that  the  shorter  the 
duration  of  an  operation  ant!  the  smaller  the  amount  of  ether  given 
the  better.  Ether  is  primarily  a  stimulant,  but  after  a  time,  varying 
greatly  in  different  people,  as  regards  age,  natural  vigor,  present  con- 
dition, and  .so  on,  it  ceases  to  act  in  this  manner,  and  if  carried  too  far 
may  aid  in  producing  exhaustion  or  even  collap.se.  The  respiration 
then  becomes  shalloiv  and  sighing,  the  skin  cyanotic  and  batlied  with 
profuse  sweat,  the  pulse  weak  and  irregular,  and  the  patient  is  reduced 
to  a  state  of  great  danger.  To  avoid  this  unfortunate  condition  of 
affairs,  so  far  as  the  anesthetic  is  concerned,  it  is  better  frequently  to 
interrupt  its  administration  by  giving  fresh  air,  and  allow  the  patient  to 
rally  partially  from  the  effect  of  the  drug.  A  few  whiffs  of  ether  now 
and  again  will  keep  him  free  from  pain,  anxiety,  and  fright.  As  he 
knows  nothing  and  will  remember  nothing,  a  moderate  amount  of 
involuntary  struggling  unattended  with  suffering  does  no  harm,  while 
the  danger  of  prostration  and  collapse  will  be  reduced  to  a  minimum. 
With  suitable  precautions,  capital  operations  upon  very  frail  and 
exhausted  patients  can  frequently  be  done  successfully.  All  prepara- 
tions having  been  made,  the  patient  is  carefully  etherized,  and  the 
operation — an  amputation,  for  example — is  quickly  done.  The  ether  is 
removed  when  the  bone  has  been  divided,  and  while  the  vessels  are 
being  secured  and  the  wound  closed  a  few  whiffs  of  the  anesthetic  are 
given  occasionally.  The  result  is  that  by  the  time  the  dressings  are 
completed,  the  patient  has  nearly  recovered  from  the  narcotic,  and  is 
free  from  the  symptoms  of  alarming  prostration  that  so  frequently 
follow  the  same  operation  when  unduly  prolonged.  The  smaller  the 
quantity  of  ether  given  in  severe  or  prolonged  operations,  compatible 
with  the  objects  to  be  attained,  the  better  for  the  patient.  This  matter 
is  of  a  good  deal  of  importance,  and  does  not  always  receive  the  atten- 
tion it  deserves.  The  patient  once  having  been  etherized,  the  rule  to  be 
borne  in  mind  is  the  saving  of  time,  blood,  animal  heat,  and  anesthetics. 

While  recovering  from  the  influence  of  any  anesthetic,  no  person 
should  be  left  alone  for  a  moment,  until  he  is  con.scious  of  his  condi- 
tion. This  rule  is  of  special  importance  in  the  care  of  the  very  old 
and  feeble,  of  the  very  young,  and  of  those  \\\\n  have  undergone  a 
severe  or  prolonged  operation.  Accidents  from  vomiting  and  choking 
are  possible,  but  more  important  is  the  danger  of  sudden  collapse, 
which  calls  for  prompt  measures  for  relief  Upon  the  appearance  of 
symptoms  suggesting  this  condition,  the  patient  should  be  well  covered, 
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and  surrounded  with  warm,  but  not  hot,  bottles.  The  foot  of  the  bed 
or  table  should  be  raised  about  a  foot;  stimulants,  such  as  brandy  and 
coffee,  should  be  given  per  rectum,  as  the  stomach  acts  slowly,  if  at  all, 
while  the  patient  is  in  this  condition.  Strychnin,  atropin,  morphin,  or 
digitalis,  with  or  without  brandy  or  cologne  spirit,  which  is  of  nearly 
the  same  strength  as  absolute  alcohol,  should  be  given  under  the  sknn. ' 
,  The  room  should  be  darkened,  quiet  enjoined,  and  sleep  encouraged. 
These  measures  will  usually  suffice  to  rally  the  patient  from  danger 
and  put  him  on  the  way  to  recovery. 

RhIoI  ElJierit<iIi\m.—ll  was  thought  nt  one  lime  that  r«tal  etherization  mighl  prove 
Lfcadble  in  nperatioos  nbout  the  Tace  and  ihniaL  It  was  soon  found,  however,  to  he  dinicull 
I  or  impossible  to  regulare  the  do^t  sati^^faclorilv.  The  naii:osis  might  be  too  profound  or  ton 
I  piDlonged,  (he  b»ui:l><  become  dl«ien<led.  and  llie  mucous  mctnhtancs  so  irritated  as  lo  give 

rise  to  tenesmus  and  bloody  stools.      For  these  teasom  the  meUiod  ho^  never  found  favor 

with  the  proressioD. 

A  verj^  good  method  of  continuing  the  etherization  in  operations 
about  the  mouth  and  face  is  to  force  the  vapor  through  the  nose 
by  means  of  a  tube  and  bulb.  The  apparatus  devised  by  Souchon 
of  New  Orleans  is  a  good  one  for  this  purpose.  The  p.ttient  is  first 
I  etherized  in  the  usual  manner;  then  the  tube  having  been  passed 
through  one  nostril  into  the  pharynx,  the  air  is  pumped  through  the 
elher  in  sufficient  quantities  to  keep  up  the  proper  degree  of  narcosis. 
In  operations  attended  by  danger  of  suffocation  from  blood  trickling 
down  the  throat,  it  is  better  and  safer  first  to  |x:rform  tracheotomy, 
plug  the  pharynx,  and  continue  the  etherization  through  the  tracheal 
tube.     All  danger  from  .strangulation  is  thus  avoided. 

Certain  unpleasant  or  even  serious  events  may  occur  to  the  patient 
in  taking  ether,  which  will  now  receive  consideration.  The  inflammable 
nature  of  the  drug  and  the  precautions  necessary  to  be  taken  in  con- 
sequence have  already  received  attention. 

Should  ether  be  given  upon  a  full  stomach,  the  respiration  may  not 
become  free  and  regular  until  vomiting  has  taken  place,  after  which  no 
further  trouble  need  be  expected  from  that  source.  No  danger  is  to 
be  apprehended  from  vomiting  during  or  after  etherization,  e.Kcept  the 
danger  of  undigested  food  being  drawn  into  the  trachea.  This  accident 
has  happened  and  has  caused  death,  but  it  is  one  of  the  rarest  of  fatali- 
ties, and  is  probably  as  common  without  as  with  an  anesthetic.  The 
treatment  is  an  immediate  tracheotomy,  provided  the  offending  mate- 
rials are  not  at  once  ejected  by  the  natural  efforts  of  the  patient. 
While  vomiting,  the  patient  should  be  turned  upon  his  side,  the  mouth 
opened,  and  close  watch  kept  of  the  respiration  and  color  to  see  that 
the  larynx  and  trachea  are  free.  It  is  believed  by  good  authorities 
that  tJtf  to  yjjf  grain  of  atropin  sulphate,  given  under  the  skin  a 
short  time  before  ether,  lessens  the  subsequent  nausea  and  vomiting 
very  materially.  Hare  recommends  the  following  for  this  purpose: 
A  mixture  of  I  grain  each  of  acetanilid,  monobromated  camphor, 
and  catfcin  citrate,  given  every  hour  for  six  or  eight  doses.  It  is 
to  be  remembered  that  the  air-passages  of  old  people  are  much  less 
sensitive  to  the  presence  of  blood,  mucus,  and  all  foreign  substances, 
than  are  those  of  the  ordinary  adult,  and  hence  that  they  require  special 
attention  in  this  regard  while  under  the  influence  of  anesthetics. 
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The  administration  of  oxygen  immediately  after  the  removal  of  the 

ether  is  a  favorite  practice  with  many  physicians,  who  claim  that  the 
period  of  recovery  from  tlie  anesthetic  is  thereby  shortened,  and  also 
that  the  nausea  and  vomiting  are  much  diminished.  It  is  given  from 
a  flask,  different  sizes  of  which  arc  in  the  market.  From  ten  to  fifteen 
minutes  is  usually  a  sufficient  time  for  its  exhibition,  and  about  35 
gallons  of  the  gas  are  consumed.  It  is  conducted  through  a  bottle 
of  water  and  directed  upon  the  face  of  the  patient  until  he  has  fairly 
recovered  from  the  ether. 

Another  occasional  complication  in  giving  ether  is  the  free  secre- 
tion of  mucus.  This  occasionally  results  in  edema  of  the  lungs,  and 
threatens  sufibcation.  It  is  most  often  seen  in  fat  and  elderly  patients 
inclined  to  chronic  bronchitis  or  asthma,  or  in  those  having  a  weak 
heart,  or  suffering  from  exhaustion,  as  from  a  strangulated  hernia  of 
long  duration.  These  patients  can  usually  take  ether  with  safetj-,  if 
due  care  is  exercised  to  avoid  giving  too  mucli.  They  are  to  be  kept 
just  on  the  verge  of  complete  anesthesia,  and  allowed  plenty  of  pure 
air.  A  hypodermic  injection  of  atropin  sulphate.  -^^  to  -j-J-p  grain, 
given  half  an  hour  before  the  ether,  would  not  only  tend  to  check 
this  over-secretion  of  mucus,  but  also  act  as  a  desirable  stimulant 
to  the  respiratory  center.  The  action  of  chloroform  in  these  cases 
is  more  .satisfactory  than  ether.  The  treatment  of  this  complication 
consists  in  removing  the  ether,  opening  the  windows,  fanning,  and 
artificial  respiration,  great  care  being  taken  to  insure  a  free  passage 
of  air  into  the  lungs.  On  re-establishing  the  respiration,  the  cyanosis 
will  quickly  disappear,  and  the  patient  is  safe.  Should  the  heart  show 
signs  of  failing,  -^  to  ^^  grain  of  strychnin  sulphate  should  be  given 
under  the  skin.     Stimulants  may  also  be  given  in   the  same  manner. 

Temporary'  interference  with  breathing  during  the  later  and  deeper 
stages  of  ether  narcosis,  due  to  relaxation  of  the  muscles  of  the  throat 
and  closure  of  the  glottis  from  falling  back  of  the  tongue  and  epiglottis, 
is  not  infrequent.  Although  violent  efforts  on  the  part  of  the  diaphragm 
continue  to  be  made,  yet  the  cyano.sis  and  deep  congestion  of  the  face 
plainly  indicate  that  no  air  enters  the  lungs.  This  state  of  affairs  is  not 
at  all  alarming  or  serious,  provided  proper  measures  be  taken  for  relief 
They  consist  in  opening  the  mouth  and  drawing  forward  the  tongue  in 
such  a  manner  as  to  raise  its  base,  and  with  it  the  epiglottis,  thereby 
allowing  the  air  to  enter  the  lungs.  With  an  efficient  gag  between  the 
teeth,  the  tongue  may  be  drawn  out  with  forceps,  care  being  taken  to 
avoid  undue  violence  to  that  organ.  Its  base  is  thereby  raised,  and 
with  it  the  epiglottis,  allowing  a  free  ingress  of  air.  Another  method 
of  accomplishing  the  same  object  is  simply  to  flex  the  head  upon  the 
chest,  and  by  the  action  of  the  styloid,  and  probably  other  muscles,  to 
open  the  glottis.  Pressing  the  lower  jaw  forward,  partially  dislocating 
it  upon  the  articular  eminences,  is  also  another  favorite  method  of 
securing  a  free  passage  of  air  through  the  larynx.  In  addition  to  this 
maneuver,  Hare  recommends  that  the  head  be  extended  in  such  a 
manner  as  to  bring  the  fauces,  larynx,  and  trachea  into  a  direct  line. 
Too  forcible  or  persistent  pressure  behind  the  angles  of  the  lower  jaw 
may  not  only  leave  an  uncomfortable  soreness,  but  may  lead  to  inflam- 
mation of  the  parotid. 
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A  tetanic  spasm  of  the  respiratory  muscles  occasionally  occurs,  but 
is  overcome  readily  by  removing  the  ether,  opening  the  glottis,  fanning 
the  patient,  and.  hi  extreme  caises,  by  resorting  to  artificial  respiration. 
This  is  a  somewhat  rare  complication. 

It  is  very  seldom,  indetrd,  thai  tracheotomy  is  required  for  any  acci- 
dent due  to  the  ether  alone.  It  may  be  necessary  for  edema  of  the 
larynx  or  for  food  in  the  trachea,  but  these  complications  are  extremely 
rare.  A  more  common  danger  is  the  escape  of  blood  into  the  air-pas- 
sagos  during  operations  about  the  mouth  and  nose.  This  may  occur 
vcrj'  insidiously,  and  the  first  warning  given  may  be  cessation  of  breath- 
ing. The  blunted  sensibility  of  the  air-passages  may  have  prevented 
any  warning  cough  or  choking,  a  condition  peculiar  to  elderly  or  very 
weak  and  exhausted  persons.  This  event  calls  for  prompt  and  energetic 
treatment.  The  trachea  is  to  be  opened  at  once,  an  elastic  catheter 
carried  down  into  the  bronchi,  and  air  forced  into  the  lungs,  for  the  pur- 
5se  of  driving  out  the  blood.  Suction  does  no  good.  Nature  does 
3t  clear  the  bronchial  tubes  in  this  manner,  neither  can  the  surgeon. 
Artificial  respiration  and  hypodermic  stimulation  may  also  be  necessary 
to  revive  the  patient  This  accident  is  not  peculiar  to  ether  any  more  than 
to  any  other  anesthetic,  but  the  possibility  of  its  occurrence  should  be  rec- 
ognized, and  proper  measures  taken  to  meet  it  promptly  and  efficiently. 

Death /r'p;«  an  anesthetic  is  a  very  different  thing  from  death  under 
an  anesthetic.  In  the  former  case,  the  drug  is  the  princiijal  cause; 
while  in  the  latter,  it  may  have  little,  if  anything,  to  do  with  the  result 
No  anesthetic  yet  discovered  is  entirely  free  from  danger  under  all  cir- 
cumstances. In  considering  the  relative  safety  of  ether  and  chloroform 
in  this  article,  only  those  cases  devoid  of  danger  in  themselves  will 
receive  attention,  for  the  reason  that  it  is  difficult  or  impossible  to  deter- 
mine the  exact  influence  different  factors  may  have  in  producing  the 
result  in  patients  exhausted  by  hemorrhage  or  disease,  or  prostrated  by 
the  shock  of  an  injury  or  of  long  severe  operations.  The  treatment  of 
those  cases  is  attended  with  more  or  less  danger,  whatever  anesthetic 
is  used  and  however  carefullj-  it  may  be  given.  Therefore,  they  are 
not  suitable  ones  upon  which  to  base  an  estimate  as  to  the  relative 
safet)-  or  danger  of  these  drugs.  A  person  in  ordinary  health  desiring 
a  minor  operation,  such  as  incision  of  an  abscess,  extraction  of  a  tooth, 
or  correction  of  a  strabismus,  inhales  a  few  whiffs  of  an  anesthetic,  and 
with  little  or  no  warning  stops  breathing,  the  heart  stops,  and  he  is 
dead.  An  autopsy  fails  to  reveal  any  adequate  cause  of  death ;  the 
only  rational  conclusion  possible  is  that  death  was  due  to  the  anesthetic. 
Pure  ether  of  high  grade  carefully  given  never  kills  healthy  people. 
Chloroform  occasionally  docs,  and  in  just  the  manner  and  under  just 
the  circumstances  that  arc  indicated  above.  About  40  per  cent,  of  the 
fatalities  from  chloroform  occur  in  reasonably  healthy  persons  about  to 
undergo  a  minor  operation  which  in  itself  lacks  the  element  of  danger. 
TIic  unfortunate  result  also  takes  place,  in  many  cases,  in  the  early 
stages,  or  before  anesthesia  is  complete,  also  in  cases  where  the  patient 
has  previously  taken  the  drug  safely.  No  blame,  in  many  instances,  can 
be  attached  to  the  quality*  of  the  agent  or  to  the  method  of  administra- 
tion. The  accident  has  occurred  in  the  hands  of  the  most  careful  and 
experienced  men,  such  as  Sir  James  Y.  Simpson,  the  father  of  chloro- 
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form  anesthesia.  Erichson,  Billroth,  Volkmann,  Syme,  Hunter  McGuire, 
Wiltard  Parker,  F,  H.  Hamilton,  Aldeii  March,  Moses  Gunn,  W.  W. 
Dawson,  and  many  other  competent  and  reliable  physicians.  Surely, 
an  agent  that  is  not  safe  in  Uie  hands  of  such  men  cannot  be  implicitly 
relied  upon  in  the  hands  of  the  ordinary  practitioner.  In  this  capricious, 
treacherous  action  of  chloroform  lies  its  chief  danger  as  an  anesthetic 
for  ordinary  use. 

Pure  anhydrous  sulphuric  ether  never  acts  in  this  manner.  So  far 
as  the  writer  knows  or  has  been  able  to  ascertain,  this  sort  of  fatality 
from  ether  has  never  occurred  in  any  of  our  hospitals  or  in  this  vicinity. 
The  drug  has  its  disadvantages  and  its  dangers,  but  there  is  plenty  of 
warning,  and  timely  measures  almost  always  overcome  the  difficulty. 
Very  different  is  the  course  of  events  in  accidents  from  chloroform. 
Not  only  are  the  sjmptoms  of  danger  sudden  in  their  onset,  brief  in 
duration,  or  entirely  absent,  but  all  efforts  to  resuscitate  the  patient  are, 
in  many  instances,  unavailing.  According  to  the  most  reliable  statistics, 
chloroform  causes  death  in  about  i  in  2000  cases.  The  aggregate  is 
lai^t.  however,  by  reason  of  the  great  numbers  who  ha\e  occasion  to 
use  the  drug.  Its  victims  can  be  numbered  by  hundirds,  if  not  by 
thousands,  during  the  half-century  of  its  use  as  an  anesthetic.  "  I.ast 
year  (189/ ),  in  England  alone  there  were  96  published  deaths,  and  no 
one  can  tell  how  many  unpublished  deaths,"  from  this  agent.' 

Much  has  been  written  as  to  the  exact  manner  in  which  death 
occurs  under  the  influence  of  these  two  drugs.  The  common  opinion 
is  that  ether  kills  slowly  by  asphy.xia,  while  chloroform  kills  quickly 
by  cardiac  paralysi.*.  The  weight  of  e\idence  goes  to  prove  that  ether 
is  primarily  a  stimulant  to  the  circulation,  and  that  chloroform  is  a 
cardiac  depressant :  that  the  former  may  paral>-ze  the  respiratory  cen- 
ters and  the  latter  the  cardiac ;  and  in  consequence  of  those  opin- 
ions, it  is  claimed  by  some  that  in  gi\ing  ether  only  the  breathing 
needs  attention,  while  in  the  use  of  chloroform  the  pulse  is  all  that 
requires  watching.  The  patient  cannot  be  watched  too  caxcftiUy  in 
all  particulars  while  under  the  influence  of  anj'  agent  powerful  enough 
to  abolish  consciousness.  No  one  lijnction  should  receive  attention  to 
the  exclusion  of  the  others.  It  makes  little  difierence  to  the  \-ictim 
or  to  his  friends  whether  the  breathing  or  the  heart  stops  first,  the 
result  is  alike  disastrous.  This  question  has  been  most  thoroughly 
investigated,  not  only  by  indi^-iduals.  but  by  committees  and  by  com- 
mtssians,  and  yet  "  the  practical  &ct  which  stands  out  in  terrible  dis- 
tinctness is  that  death  under  chloroform  has  not  lessened,  in  spite  of 
ph>-sio)ogy  and  Hyderabad  Commissions." 

The  Boston  Gtj'  Hosjntal  has  been  in  esdstence  a  third  of  a  century. 
During  this  time,  o\"er  63,000  persons  ha\-e  been  trcated  in  the  surgical 
wards  of  the  institution.  More  than  2'. 000  of  those  cases  were  due  to 
accidents  or  other  injuries.  About  33,000  operations,  of  all  kinds  and 
descriptions  usually  met  with  in  a  large  metropolitan  hospital,  have 
been  performed  upon  those  patients,  to  say  nothing  of  a  large  number 
performed  in  other  departments  of  the  hospital  and  upon  out-patients. 
Practically  all  of  this  operati\-e  work  has  heat  done  under  cthicr  anes- 
thesia. There  has  ne\-er  been  a  death  in  this  hospital  from  ether  alooc 
■A.  a  Wa])a,«ric  JKi/->«r.,  Arcilai  dgB. 
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Every  fatality  that  has  occurred  under  this  agent  has  been  due  more 
largely  to  other  factors,  such  as  shock,  hemorrhage,  exhaustion,  ure- 
mia, etc.,  than  to  the  anesthetic  itself.  Death  during  a  minor  operation 
upon  a  fairly  healthy  person  has  never  occurred  in  this  institution. 

More  than  35,000  operations  have  been  performed  under  ether  at 
the  Massachusetts  General  Hospital,  the  birthplace  of  anesthesia,  since 
that  eventful  Friday  in  1846.  So  far  as  is  known,  not  a  single  person 
of  this  large  number  has  perished  from  the  anesthetic  alone.  The  two 
largest  hospitals  in  Boston,  therefore,  have  upon  their  records  over 
58,000  ether  operations,  without  a  single  fatality  due  solely  to  the 
anesthetic.  The  experience  of  the  smaller  hospitals  and  of  operators 
in  private  practice  in  this  vicinity  is  no  less  favorable.  Such  being  the 
facts,  can  there  be  any  reasonable  doubt  as  to  the  relative  safety  of  ether 
and  chloroform  ?  Until  testimony  equally  favorable  to  the  latter  agent 
has  been  produced,  it  would  .seem  wi.se  to  consider  that  question  settled. 
Th<  comparative  merits  of  ether  and  cMoroform  may  be  briefly  stated 
as  follows : 

Ether  is  slower  in  its  action,  less  pleasant  to  inhale,  more  bulky  and 
more  e.vpen.sive.  inflammable,  more  or  less  irritating  to  the  air-passages, 

■  and  is  often  followed  by  nausea  and  vomiting;  but  it  is  safe  under  all 
ordinary  circumstances,  and,  when  pure  and  properly  given,  never  results 
fatally  in  reasonably  healthy  people. 

On  the  other  hand,  chloroform,  which  is  seven  times  as  strong  as 
ether  (Waller),  is  quicker  in  its  action,  more  plea.sant  to  take,  less  irri- 
tating to  the  mucous  membranes,  less  bulky  and  less  expensive,  not 
explosive,  and  is  usually  attended  by  less  nausea  and  vomiting;  but  it 
is  not  always  safe.  Occasionally,  death  occurs  in  healthy  persons  early 
in  the  administration  of  this  agent,  even  when  pure  and  carefully  given, 
and  the  most  searching  post-mortem  examination  fails  to  find  any  other 

.satisfactory  explanation  of  the  unfortunate  occurrence.     These  facts 

jbdng  fairly  well  established,  it  would  seem  to  be  incumbent  upon 
those  who  use  chloroform  as  an  anesthetic  in  ordinary  surgical  work 
to  be  prepared  to  justify  their  action  in  case  of  accident  plainly  due 
to  the  drug  itself. 

The  fact  that  ether  is  safer  than  chloroform  is  gradually  being  rec- 
ognized in  many  foreign  countries,  and  its  use  is  slowly  but  surely 
spreading  among  the  more  enterprising  portion  of  the  profession. 
Owing  to  its  volatility,  its  high  cost,  and  the  difficulty  experienced  in 
keeping  it  for  any  length  of  time  in  verj'  hot  climates,  it  will  probably 
never  come  into  general  use  in  the  tropics.  Twice  as  much  of  the 
drug  and  double  the  length  of  time  are  required  in  India,  for  instance, 
to  produce  ether  anestliesia,  as  compared  with  this  country.  Its  bulk 
and  comparative  slowness  of  action  will  preclude  its  use  to  a  consider- 
able extent  in  military  surgery  in  actual  war,  when  transportation  and 
time  are  of  great  importance.  Tile  field  surgeon,  surrounded  by  hun- 
dreds of  wounded  anxiously  waiting  for  speedy  relief,  must  select  the 

!  agent  that  ads  most  quickly  and  that  can  be  most  readily  obtained. 
It  is  estimated  that  anesthetics  were  used  in  no  less  than  80.000 
instances  during  the  War  of  the  Rebellion,  Chloroform  was  the  agent 
Selected  in  about  three-fourths  of  the  cases.  The  quantity  required 
varied  from  \  dram  to  96  drams,  the  average  being  1 1  drams.     The 
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amount  of  ether  ranged  from  2  to  35  drams ;  the  average  was  5 1  drams. 
The  time  consumed  in  producing  chloroform  anesthesia  averaged  nine 
minutes,  while  ether  required,  on  an  average,  sixteen  minutes.  The 
vomiting  was  less  frequent  and  of  shorter  duration  after  chloroform. 
Death  was  ascribed  to  chloroform  in  5.4  cases,  and  to  ether  in  3  cases, 
per  1000.  The  advantages  of  chloroform  over  ether  in  military  sur- 
gery in  the  field  are  very  pronounced,  and  cannot  be  offset  by  the 
comparatively  small  percentage  of  increased  danger.  In  civil  life  these 
arguments  do  not  obtain. 

While  ether  is  tile  safer  agent  for  ordinary  surgical  work,  yet  there 
are  certain  conditions  in  which  chloroform  is  to  be  preferred  for  special 
reasons.  Those  operations  liable  to  be  complicated  with  spasm  of  the 
glottis,  edema  of  the  larj'n.x  or  lungs,  or  a  profuse  secretion  of  fluids  in 
the  air-passages,  can  be  done  better  and  more  safely  under  chloroform. 
This  agent,  therefore,  is  to  be  preferred  in  the  following  affections : 
Membranous  croup,  acute  or  chronic  laryngitis,  edema  of  the  glottis  or 
lungs,  injuries  to  the  larynx,  deep  cervical  cellulitis,  malignant  disease 
of  the  throat  or  anterior  portion  of  the  neck,  tumors  situated  deeply  in 
the  neck — as  bronchocele — foreign  bodies  in  the  air-passages  or  in  the 
esophagus,  chronic  bronchitis,  asthma,  and  emphysema.  Tracheotomy 
and  esophagotomy,  as  a  rule,  are  more  easily  and  safely  done  under 
chloroform,  as  there  are  less  .spasm  and  less  secretion.  The  latter  agent 
also  produces  less  congestion  of  the  vessels  of  the  face  and  neck. 

Patients  having  advanced  disease  of  the  kidneys  are  poor  subjects 
for  either  agent,  but  many  writers  claim  that  there  is  less  irritation  of 
these  organs,  and  therefore  less  danger,  under  chloroform  than  under 
ether.  It  is  also  .said  that  chloroform  causes  less  pressure  in  atherom- 
atous blood-vessels,  and  hence  is  to  be  selected. in  cases  supposed  to 
be  liable  to  apoplexy.  This  accident  is  so  very  rare  under  ether,  that 
the  opinion  would  seem  to  rest  largely  upon  theories  resulting  from 
physiological  experiments.  Advanced  cases  of  heart  disease  may  take 
ether  carefully  with  reasonable  safety.  Operations  under  any  of  these 
conditions  are  attended  with  a  certain  amount  of  danger,  aside  from  the 
influence  exerted  by  any  anesthetic.  The  smallest  possible  quantity 
should  be  given,  and  the  utmost  care  taken  in  the  administration. 

Bronchitis  and  pneumonia  seldom  result  in  this  vicinity  from  the 
administration  of  ether.  Tlie  complication  is  too  rare  to  be  considered 
in  choosing  an  anesthetic.  Two  factors  call  for  careful  investigation 
in  connection  with  this  subject — namely,  the  quality  of  the  ether  and 
the  exposure  of  the  patient.  Certain  brands  of  this  drug  are  unfit  for 
use  by  reason  of  their  very  irritating  qualities  and  comparatively  small 
narcotic  properties.  This  matter  is  of  so  much  importance  that  many 
surgeons  in  this  part  of  the  country  will  u.se  only  Squibb's  ether,  than 
which,  probably,  no  better  has  ever  been  made. 

The  preser\'ation  of  animal  heat  merits  careful  attention.  It  is  a 
fact  familiar  to  all  that  persons  are  more  susceptible  to  cold  when  asleep 
than  when  awake,  and  Dudley  P.  Allen's  experiments  upon  dogs, 
as  well  as  his  observations  upon  patients,  go  to  show  that  the  body 
temperature  is  lowered  under  prolonged  anesthesia.  Loss  of  animal 
heat  tends  toward  collapse,  hence  the  great  importance  of  keeping 
patients  well  covered  during  anesthesia.    Exposure  of  any  considerable 
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portion  of  the  body  usually  covered  and  the  application  of  wet  cloths 
are  fraught  with  danger,  and  may  be  accountable  for  a  certain  propor- 
tion of  the  cases  of  post-ether  bronchitis  and  pneumonia.  Patients 
who  are  properly  protected  and  who  inhale  a  high  grade  of  sulphuric 
ether  administered  in  a  judicious  manner  have  little  to  fear  from  any 
affection  of  the  respiratory  tract  as  a  result  of  the  anesthetic. 

Primary  anesthesia '  has  a  limited  field  of  usefulness  in  surgery. 
Under  its  influence  simple  incisions  may  be  made,  sutures  and  drainage- 
materials  may  be  removed,  and  various  other  brief  operations  or 
manipulations  can  be  carried  out  with  satisfaction  to  the  operator  and 
without  suffering  to  the  patient  It  is  induced  in  the  following  manner: 
Everything  being  in  complete  readiness,  that  no  time  need  be  lost  at 
the  important  moment  of  temporary  anesthesia,  the  patient  is  directed 
to  inhale  the  ether  vapor  by  drawing  in  a  few  deep  breaths.  From  a 
dozen  to  twenty  are  often  sufficient  to  produce  the  desired  effect.  The 
falling  of  the  hand,  which  the  patient  has  been  directed  to  hold  in  the 
air  unsupported,  is  a  good  index  of  the  right  moment  to  proceed  with 
the  operation.  Except  in  extremely  nervous  people,  this  method  is 
very  satisfactorj'  in  suitable  cases.  Little  or  no  pain  is  experienced, 
fright  is  largely  removed,  consciousness  returns  at  once,  and  there  is 
neither  nausea  nor  vomiting.  The  patient  is  in  his  usual  condition  in 
ten  or  fifteen  minutes,  and,  except  for  the  modified  pain  of  an  incision, 
for  instance,  he  goes  about  his  business  as  if  nothing  had  been  done.  In 
its  effects  and  duration  this  form  of  anesthesia  resembles  that  of  nitrous 
oxid  gas,  but  it  is  more  convenient  for  the  general  practitioner,  from  the 
fact  that  no  special  apparatus  is  necessary,  and  the  agent  is  always  at 
hand  or  is  easily  obtainable.  The  method  is  worthy  of  a  more  extensive 
use  than  it  has  ever  had  at  the  hands  of  the  profession  at  large. 

I^ocal  anesthesia'  has  considerable  value,  and  may  be  depended 
upon  for  slight  operations,  such  as  simple  incisions,  the  removal  of 
smalt  tumors  or  growths  in  the  skin,  etc.  More  pretentious  opera- 
tions, such  as  castration,  strangulated  hernia,  laparotomy,  and  others 
of  equal  magnitude,  have  been  done  under  its  influence ;  but,  except 
in  rare  instances  and  for  special  reasons,  general  anesthesia  is  preferable 
for  this  sort  of  work,  and  is  so  considered  by  the  profession.  In  cases, 
however,  where  the  patient's  condition,  owing  to  pulmonary  disease  or 
other  cause.s,  docs  not  admit  of  L-therization,  local  anesthesia  has  a  dis'- 
linct  field  in  the  perform.ince  of  major  operations.  While  local  agents 
may  control  the  pain,  they  do  not  remove  the  dread  of  the  operation, 
hence  the  patient  cannot  always  be  depended  upon  to  keep  quiet,  which 
in  many  instances  is  an  important  factor  of  anesthesia. 

The  principal  local  anesthetics  are  cocain  hydrochloratc.  which 
stands  at  the  head  in  efl'icicncy ;  cucain,  .similar  to  the  preceding  agent, 
but  less  poisonous  ;  ethyl  chlorid;  rhigolcne,  not  much  used  at  present; 
carbolic  acid,  very  superficial  in  its  action  ;  ether  spray ;  and  ice,  or  ice 
and  salt.  The  field  of  usefuhiess  of  all  the  freezing  agents  is  rather 
liniiied.  from  the  fact  that  while  sensation  ip  at  first  much  diminished, 
yet  the  discomfort  of  returning  .stnsalion  is  often  as  great  as  would  be 
that  of  the  oi>cration  itself.  They  arc  useful  in  removing  wens  from 
the  scalp,  but  not.  as  a  rule,  from  other  regions  of  the  body ;  in  tapping 
'  See  also  the  cliaptrr  Dn  Minor  Suigeiy. 
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the  abdomen ;  in  simple  incisions,  as  for  a  superficial  abscess,  but  not  for 

a  felon  or  palmar  abscess  or  for  any  deep  and  highly  inflamed  tissues. 

Ethyl  chlorjd  '  is  one  of  the  most  convenient  of  tliis  class  of  agents 
for  ordinary  use,  from  the  fact  that,  as  it  is  put  up  in  small  glass  flasks, 
it  is  only  necessary  to  remove  tlie  cap  and  direct  the  spray  from  a 
point  about  lo  inches  away  upon  the  pari  desired  to  be  frozen,  which, 
in  Ihe  space  of  a  minute  or  so.  turns  white  and  is  benumbed  sufficiently 
to  allow  of  any  of  the  above  specified  things  being  done  with  little  or  no 
pain.  The  same  result  can  be  obtained  with  ice  alone,  or  with  ice  and 
salt.  Rhigolene  and  ether  are  to  be  applied  in  the  form  of  spray,  but 
are  inferior  to  the  above-mentioned  agents,  as  their  action  is  not  so 
easily  confined  to  the  precise  area.  It  is  to  be  remembered  that  care 
and  judgment  are  always  to  be  exercised  in  applying  cold  as  we!l  as 
heat  to  the  body,  as  ulceration  and  even  sloughing  may  be  produced 
almost  as  readily  with  one  class  of  agents  as  with  the  other. 

Cocaitt,  tliu  alkaloid  from  the  leaves  of  coca — a  shrub  which  grows 
in  Peru  and  Bolivia — was  discovered  by  Gaedeke  in  1855,  but  it 
has  been  in  general  use  as  a  local  anesthetic  only  about  ten  years. 
Dissolved  in  water  in  the  proportion  of  1  :  1000  or  500 — ('.  <■.,  a  strength 
of  from  tV  *°  i  P^''  c^^nf' — ^'^^  hydrochlorate  of  cocain  is  probably  the 
best  local  anesthetic  known  to  the  profession  to-day.  There  are  two 
precautions  to  be  borne  in  mind  in  u.sing  this  agent.  The  first  is  the 
marked  depressing  action  upon  the  heart  and  brain,  and  the  other  is 
the  pernicious  appetite  which  may  be  established  for  the  drug.  The 
cocain  habit  seems  to  be  more  powerful  than  that  for  morphin,  and  it  is 
more  difficult  to  break  up  and  eradicate.  Given  in  the  proportions  and 
for  the  purposes  mentioned  in  this  article,  there  is  very  little  danger  to 
be  apprehended  from  the  use  of  this  valuable  drug.  The  agent  is 
probably  as  efficacious  when  it  is  dis.solved  in  water  and  used  alone 
as  when  given  with  morphin,  atropin.  or  other  narcotics.  Applied  to 
mucous  membranes,  it  is  readiiy  absorbed,  exerts  its  specific  effect  in  a 
short  time,  and  produces  an  anesthesia  lasting  about  a  quarter  of  an 
hour.  The  effects  of  this  drug  vary  not  only  in  individuals,  but  also 
in  different  regions  of  the  same  person,  some  being  much  more  sus- 
ceptible to  its  influence  than  others.  The  mucous  membrane  of  the 
eye  appears  to  be  especially  sensitive  to  its  action,  and  therefore  the 
agent  is  of  especial  value  in  operations  and  manipulations  of  this  organ. 
The  same  may  be  said  of  the  nose  and  throat.  The  action  of  cocain 
upon  the  lining  of  the  urethra  is  neither  quite  as  safe  nor  as  satisfactory 
as  upon  the  organs  above  mentioned.  Fatal  results  have  followed  its 
application  to  this  region  (Hare,  Park's  Surgery^;  hence  very  weak 
solutions  should  be  used  in  the  urethra  and  nose,  not  over  2  per 
cent.,  and  they  may  well  be  even  weaker  than  this  at  fir.st.  For  the 
eye  a  2  per  cent,  .solution  is  often  strong  enough,  but  for  the  vagina 
and  rectum  a    10  per  cent,  strength  may  be  required. 

Infiltration  Anesthesia.' — For  operations  involving  the  skin  and 
subjacent  tissues,  the  method  of  producing  local  anesthesia  by  infiltra- 
tion, as  proposed  by  Sehleich  of  Berlin  in  i8g[,  is  probably  the  best 
yet  suggested.  By  this  method,  it  is  said,  all  tissues  except  inflamed 
bone  can  be  rendered  anesthetic.  The  technic  is  simple,  the  solution  is 
'  See  also  the  chapter  od  Minor  Surgery. 
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weak,  and  the  results  are  usually  satisfactory.  The  site  of  the  injection 
is  to  be  washed  with  soap  and  water,  and  then  with  blchlorid  solution. 
I  :  5000 ;  the  syringe  is  to  be  boiled  ;  in  short,  aseptic  precautions  are  to 
be  carried  out  as  in  ordinary  minor  surgical  operations.  The  solutions 
suggested  by  Schleich  are  of  three  strengths.  The  medium  and  most 
useful  one  contains  i  grain  cocain  hydrochlorate,  \  grain  morphin  hydro- 
chlorate.and  2  grains  common  salt  to  1000  minims  of  water.  The  stronger 
solution,  for  use  in  inflamed  tissues,  contains  double  the  amount  of  cocain ; 
and  the  weaker,  -^  grain  of  the  drug.  The  tablets  of  Wyeth  and 
Brother,  made  in  accordance  with  the  above  schedule,  are  the  most 
convenient  form  for  common  use.  To  produce  anesthesia  of  the  skin,  it 
is  necessary  to  inject  the  cocain  into,  and  not  iinJvr  it,  as  the  peculiar 
influence  of  tlie  drug  does  not  jjermeate  the  skin  from  the  cellular  tis- 
sue. The  anesthetic  area  is  white,  more  or  less  edematous  in  the  form 
of  wheals,  and  about  J  inch  in  diameter.  The  effects  of  the  agent  last 
from  fifteen  to  twenty  minutes,  and  are  more  pronounced  when  it  can 
be  confined  to  the  jjart  by  an  elastic  band,  as  in  a  finger,  toe,  or  the 
penis.  To  render  inflamed  tissues  anesthetic,  it  is  necessary  to  surround 
them  by  a  zone  of  narcotized  healthy  skin,  and  from  that  to  extend 
the  injections  into  the  desired  area.  It  is  doubtful  if  this  process  has 
any  advantages  over  primarj'  or  general  anesthesia  in  operating  upon 
inflamed  structures.  The  mental  peculiarities  of  the  individual  must  be 
taken  into  account  Very  many  people  would  not  care  to  undergo  the 
mental  strain  of  realizing  that  an  operation  was  being  performed  upon 
ihcm.  Judgment,  tact,  and  skill  arc  requisite  in  the  use  of  those  agents, 
in  order  that  the  greatest  benefit  may  be  derived  from  their  application. 

Eucain,  as  a  substitute  for  cocain,  has  been  employed  to  some 
extent  as  a  local  anesthetic  in  the  strength  of  1  to  2  jjcr  cent.,  and  to 
the  amount  of  r  \  grains  and  upward.  "  Eucain  B  "  is  said  to  be  less 
irritating  than  "'  Kucain  A."  but  the  limit  of  safety  has  not  been  accu- 
rately determined.  The  advantages  claimed  over  cocain  are  the  le.sscned 
danger  of  cardiac  depression,  the  longer  duration  of  the  narcosis,  and 
that  neither  time  nor  heat  impairs  its  strength,  thus  allowing  the  solu- 
tion to  be  boiled  before  using.     Heat  impairs  the  cocain  solutions. 

The  anesthetic  influence  of  eucain  ii  slower  in  its  manifestation 
than  it  is  from  the  other  agent.  The  mo.st  damaging  report  about  it 
is  of  the  frequent  occurrence  of  local  sloughing  in  operations  "  in  fatty 
tissue,  upon  the  fingers  and  toes,  the  prepuce,  and  bursal  and  tendon 
sheaths."  In  consideration  of  the  very  minute  quantity  of  cocain 
required  in  cases  suitable  for  local  anesthesia,  it  hardly  seems  to  the 
writer  that  the  claim.s  for  the  superiority  of  eucain  over  the  former 
agent  have  been  proved.      Further  light  on  this  subject  is  desirable. 

Holocain. — Hasket  Derby  of  Bo.ston  has  used  holocain  for  over  a 
year  in  his  operations  upon  the  eye.  and  has  come  to  the  conclusion 
thai,  applied  locally,  it  produces  a  greater  degree  of  anesthesia  than 
cochin,  and  proves  cflicient  in  certain  cases  of  painful  infl.immation  in 
which  the  latter  drug  fails,  Holocain  {l  per  cent,  solution)  is  strongly 
bactericidal  in  its  action,  and  has  been  used  with  great  satisfaction  in 
many  cases  of  [lainful  corneal  ulcers.  Applied  locally,  holocain  pro- 
duces no  con.'stitutional  symptoms,  but  it  is  too  poisonous  to  be  taken 
internally  or  to  be  injected  into  the  tissues. 
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NITROUS   OXID!    NITROUS   OXID    AND   OXYGEN  j    NITROUS    OXID 
AND  ETHER  J  CHLOROFORM-MIXTURES. 

The  anesthetics  commonly  employed  in  England  at  the  present  time 
are  nitrous  oxid  gas  (cither  alone  or  mixed  with  oxygen),  ether,  chlo- 
roform, and  mixtures  of  ether  and  chloroform  in  various  proportions. 

N'itrotiS  oxid  is  largely  used  for  dental  and  other  short  operations 
requiring  only  brief  anesthesia.  Its  chief  advantages  are  i.  Its  great 
safety;  2.  Absence  of  the  necessity  for  elaborate  preparation  of  the 
patient;  3.  Speedy  induction  of  anesthesia ;  4.  Quick  recovery  without 
unpleasant  after-effects. 

It  can  safely  be,  and  generally  is.  administered  to  patients  sitting 
upright  in  a  chair,  the  head  being  perfectly  supported  and  as  nearly  as 

possible  in  a  line  with  the  body. 
No  food  should  be  taken  imme- 
diately beforehand,  though  it  is 
not  necessary  to  insist  on  a  fast 
of  several  hours,  as  in  the  case 
of  ether  and  chloroform.  Care 
must  be  taken  that  the  clothing 
is  quite  loose  around  the  neck. 
chest,  and  'abdomen,  so  that  no 
obstruction  to  respiration  shall  be 
present  Any  movable  artificial 
teeth  should  be  removed  from  the 
mouth,  and  for  dental  operations 
a  small  prop  must  be  inserted  on 
the  side  of  the  mouth  opposite 
that  on  which  the  operation  is  to 
be  performed. 

Several  forms  of  apparatus  are 
used  in  England  for  the  adminis- 
tration of  nitrous  oxid ;  that  of 
Frederic  Hewitt  is  very  com- 
monly employed,  and  is  satisfac- 
tory and  convenient. 

B  \%  an  iiiilin'rubher  bag  nf  two  galloDs' 
tapacity.  inio  whicli  llii:  gns  posse!  from  the 
tvlimlers  (.',  C\  At  Ihc  upper  end  of  the  bug 
Is  the  stojMTock  SC.  conlHiriiriE  an  inspiialory 
and  an  expiraUiry  vnlvp.  When  the  sinnll  bun- 
dle h  vi  in  the  positmu  shown  in  \\it  fijrure. 
(he  cimlfnts  of  l)ie  bag  are  shut  ofT  from  the 
stopcock  and  fnce-piece,  60  that  tlie  |mtien[ 
breathes  giily  air,  inspiring  and  expiring 
through  the  vnhcs.  When  the  handle  h  is 
pu^vhrd  up,  the  b.ig  is  put  into  coiinecliun 
with  the  .-.Lopcock  and  the  patient  inhales 
ga:^  from  ibe  bag,  and  expires  into  the  air. 
still  breathing  llinmgh  the  valves.  The 
handle  :l,  al  the  end  of  the  slopcock,  works 
an  inner  casing  which  carries  the  valves, 
and  Iho  arrangement  is  such  thai  when  d  is  turned  round,  ihe  valves  are  put  out  of  action, 
and  the  patient  simply  breathes  iiilo  and  out  of  the  bag.  The  bag  is  btst  ncnily  filled  from 
the  cylinder  by  turning  Ihe  fool-key,  and  the  face-piece  applied  to  Ihe  patient's  face.  He 
is  ihen  told  lo  i)reathe  deeply  and  regularly,  and  gas  is  admilled  by  means  of  Ihe  handle  i. 


VW:  i8,v— Hewitt's  nitrons  oxid  apparatus. 
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The  fool  aX  the  adminlslrBtor  is  kept  on  Ihe  fbol-key,  nnd  n  steady  slrrBDi  of  gas  li  allowed 
to  tiin  inio  Ihe  bag.  'I'he  ralves  are  usuallir  iillowed  lo  act  Ihroiighout  Ihe  adminislralion  ; 
but  in  some  ca>fe5.  wliere  a  rather  longer  aneathesia  is  rHjuired,  (he  handle  1/  i>>  [urned 
niuod  loward  the  end  of  Ihc  ndminiilralion,  and  ihe  pnlieiK  is  Ihus  caused  to  rebrcalhe 
tlie  pds  which  he  has  expired.  As  (he  inha1a(ion  proceeds,  the  ref^pi  rat  ions  become  deeper, 
■nd  linally  s(er1iirDUs.  (he  lace  ge(s  dusky,  and  niu^ular  (witchings  of  the  limbs  and  iHKly 
occur.  When  ancilhesia  is  complete,  the  pupils  are  more  or  lei*  dilated  and  ihe  con- 
JQDtliTa  insen^tive  to  (he  (outh.  The  face-piece  is  now  removed  and  the  oper^lion  is 
pcrfiimied.      The  liroe  taken  Id  produce  anesthesia  is  generally  from  thirty  10  sixty  seconds. 

The  chief  objection  to  the  use  of  nitrous  oxid  alone  is  tht  occur- 
rence of  symptoms  of  asphyxia,  due  to  the  deprivation  of  air.  These 
symptoms  are — i.  Cyanosis;  2.  Stertor ;  3.  Jerking  of  the  muscles. 

They  are  especially  apt  to  occur  in  children  and  anemic  persons, 
who  also  ■'  come  round  "  very  quickly,  giving  a  very  short  period  of 
efficient  aneslhesia.  The  muscular  twilchings,  loo.  are  sometimes  so 
excessive  as  seriously  to  interfere  with  the  operation.  In  the  case  of 
ver\'  anemic  women,  there  is,  besides,  a  certain  danger  of  respiratory 
or  cardiac  failure  during  the  administration  of  nitrous  oxid  alone ;  and 
in  old  people  with  allicromatous  arteries  there  may  be  some  risk,  owing 
to  the  strain  thrown  on  the  circulation.  The  asphyxial  symptoms  may 
be  diminished  or  abolished  by  giving  a  few  breaths  of  air  during  the 
administration.  But  a  more  accurate  method  is  that  of  Hewitt,  in  which 
a  small  quantity"  of  o.xygen  i.s  gradually  mixed  with  the  nitrou.s  oxid  by 
means  of  a  specially  devised  apparatus.  With  this  it  is  possible  to 
increase  or  diminish  the  oxygen  by  very  small  amounts,  so  that  the 
amounts  inhaled  are  accurately  under  the  control  of  the  administrator. 
The  advantages  of  this  method,  which  is  now  extensively  employed  in 
England,  are — 

1.  The  elimination  of  the  asphyxial  symptoms  mentioned  above, 
with  the  production  of  tranquil  anesthesia. 

2,  A  longer  period  of  anesthesia  available  after  the  face-piece  has 
been  removed. 

Hewitt  gives  about  forty-four  seconds  as  the  average  period,  as 
against  thirty-five  seconds  with  nitrous  oxid  alone. 

B'a*  Urge  india-rubber  bag,  divided  into  two  eqiuil  rompanments  which  do  not  com- 
anicicalc.  one  for  nitrous  oxid.  the  other  for  oxygen.  The  refpeclive  gases  paw.  fnim  the 
CYlinrlcn  ('.  C.f  into  the  compartments  of  Ihe  bap  on  turning  Ihc  foot-kevs  A',  A'.  The  luhc 
(onvrying  the  oxygen  |M»>es  inside  thai  conveying  (lie  nioous  oiid  Tor  nearly  ()ie  whole  dis- 
tance, bul  the  Iwo  sc[iaraie  on  reaching  Ihe  bag.  To  Ihe  upper  end  of  ihe  double  bag  is 
6llrd  the  must  impiiTlanl  part  of  Ihe  appaialus — -viz..  the  stopcock  ihoDUgh  which  tlie  ga>es 
pftn  00  their  way  to  ihe  face-piece.  The  tubes  /.  /  of  this  stopcock  ate  each  provideil  with  ■ 
vat*^  aclihff  during  inspiration,  so  that  the  go&es  do  not  mix  before  reaching  the  mixing 
dumber  MC,  This  chnmher  occupies  the  gtcatet  part  of  the  stopcock,  and  to  it  the  gases 
are  ailmitieil  bv  mi^ving  the  handle  h.  When  the  poiiilrr  of  this  handle  points  lo  the  w-ord 
"Air"  on  the  dial -plate  </,  air  only  can  be  breathed  ;  when  it  is  moved  round  so  as  lo  point 
lo  '■  N,0,"  nilroii-s  oiid  is  admillcd,  and,  as  it  travels  further,  oxygen  enters  in  addition. 
The  nilmus  oxid  enters  the  mixing  chamber  directly  from  (he  1ul>e  /.  The  oxygen  lir^ 
entert  Ihe  oiy);en' chamber  oc,  and  thence  pa.-^set  lo  the  mixing  chamber  through  a  series  of 
ten  fmall  botes,  which  are  opened  one  bv  one  as  the  handle  h  is  moved  round,  and  are  indi- 
caird  by  die  figures  t  lo  lo  on  Ihe  dial-plale.  Between  the  mixing  chamber  and  the  face-piece 
^  air  two  talves.  one  acting  during  in'piralion.  ihe  other  during  ripiiation,  so  that  if  the 
face-piece  his  pro]>er!v,  the  palieni  must  inhale  from  the  ap|uia1us  an^l  expire  into  the  air. 
The  two  eoniiianniciit-  of  the  bag  are  first  neorlj,  bul  noi  quile.  tilled  with  the  respective 
(i>r>i,  Ihe  pi'intrr  of  llie  handle  pointing  10  "Air."  There  should  not  be  a  positive  pressure 
m  Ihe  bag.  The  face-piece  is  then  accurately  applied,  and  the  patient  told  to  breathe 
■leeply  aiul  rcKulaily.  The  handle  Is  now  iurne<l  ^>  as  10  admit  nitrous  oxid,  and  then 
dialety  to  t  i>r  2  on  Ihe  diat-plale.      The  |utient   is  now  breathing  nitrous  oxiil  with  a 

'  innll  per  rent  of  oxygen.     The  proponiori  of  oxygen  admitted  to  (he  mixing  chamber 
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is  SI  small  Ihal  the  quantity  first  let  inln  Ihe  bag  is  quite  sufficient  for  an  administratioD,  and 
no  further  supply  from  Ihe  cylinder  will  be  needed,  hul  b  tonslanl  stream  of  nitrous  oxid 
nmst  tie  ndmilled  In  the  bag,  by  means  of  ilie  fool-key,  to  su]>])ly  ihc  place  of  that  itispited 
and  e^tpired  bv  the  patient.  In  (his  wav  the  compartments  of  Ihc  bag  can  be  kept  equal  iu 
size  throughout  the  adminislnition,  a  pottit  which  must  be  earefully  attended  to. 


Fh;.  136, —  iii'"  M\  niif.iu-  ii\>il  .i;iil  ■■m^i  v. 


The  amount  of  oxygen  given  must  depend  on  the  sort  of  patient 
with  whom  we  have  to  deal.  In  childi'cii,  anetnic  women,  and  aged 
persou.s,  it  may  be  admitted  rapidly,  beginning  with  the  pointer  at  i. 
and  proceeding  one  ntimber  at  a  time  every  two  or  three  breaths,  until 
the  maxinnim  (lo)  is  reached.  If  any  sign  of  cyanosis,  stertor,  or 
twitching  of  the  muscles  appear,  the  oxygen  should  be  increased  more 
rapidly ;  if,  on  the  other  hand,  there  are  symptoms  of  excitement,  cry- 
ing out,  etc.,  it  should  be  given  more  slowly  or  diminished.  In  dealing 
with  robust,  full-blooded  patients,  caution  must  be  observed  in  increas- 
ing the  oxygen,  as  symptoms  of  excitement  are  apt  to  occur. 

The  average  time  required  for  the  induction  of  anesthesia  is,  accord- 
ing to  Hewitt,  one  hundred  and  ten   seconds.     At  the  end  of  that 


time,  if  the  case  has  progressed  favorably,  the  patient  should  be  tran- 
quil, breathing  quietly  with  perhaps  slight  stertor, thecolornatural,  the 
pupils  contracted,  the  conjunctiva  insensitive,  and  the  muscles  relaxed. 
If  tlie  operation  be  one  about  the  mouth,  the  face-piece  is  now  removed 
and  the  o]Jcrator  proceeds.  If  the  site  of  operation  be  away  from  the 
mouth,  the  face-piece  can  be  kept  in  position  and  the  anesthesia  main- 
tained for  ten  or  fifteen  minutes  very  satisfactorily.  In  these  cases  it 
may  be  found  that  the  patient  becomes  cyanosed  even  with  the  maxi- 
mum amount  of  oxygen,  and  that  it  is  necessar>'  to  give  an  occasional 
breath  of  air  by  raising  the  face-piece.  It  ha.s  been  employed  for  longer 
operations  of  half  an  hour  and  more,  but  in  such  prolonged  admini.stra- 
tions  it  is  difficult  to  maintain  a  uniform  degree  of  anesthesia  and  to 
keep  the  patient  quiet  and  relaxed  throughout ;  also  a  good  deal  of 
sickness  and  discomfort  is  likely  to  occur  after  these  cases.  On  the 
other  hand,  after  short  administrations,  the  patient  generally  recovers 
almost  as  quickly  as  after  nitrous  oxid  alone,  and  without  disagreeable 
after-effects.  It  follows,  therefore,  that  for  long  operations  ether  or 
chlorofonn  is  to  be  preferred. 

Administration  of  Nitrous  Oxid  and  Ether. — It  i.s  usual  Jn  Eng- 
land to  give  nitrous  oxid  as  a  preliminary  to  ether.  By  its  use  a  very 
speedy  induction  of  anesthesia  is  attained,  with  even  less  probability 
of  struggling  and  spasm  than  with  ether  alone.  It  is  also  more 
agreeable  to  the  patient,  who  loses  consciousness  very  quickly  and 
does  not  taste  the  ether. 

Perhaps  the  most  satisfactory  of  the  various  forms  of  apparatus  is  a 


FK.  1S7. — Clover's  portable  rcgulaling  ether-inhaler. 


Clover's  ether-inhaler  used  in  combination  with  a  large  bag  and  stopcock 
with  valves  (Fig.  187).  The  ether-chamber  is  charged  with  ether  and 
fitted  with  a  suitable  face-piece.  The  bag  is  filled  with  gas  from  the 
cylinder,  the  handle  /i  I  Fig.  185)  shutting  off  the  gas  from  the  stopcock. 
The  distended  b;ig  can  then  be  detached  from  the  supply-tulx.-,  the  gas 
being  prevented  from  escaping  at  the  lower  end  by  turning  the  tap  .S. 
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The  amount  of  gas  in  the  bag  is  quite  sufficient  for  one  administration. 
The  inhaler  is  apphed  to  the  face  and  the  distended  gas-bag  fitted  to  it. 
Air  is  first  freely  breathed  through  the  valves.  The  gas  is  next  put  into 
communication  with  the  inhaler,  so  that  the  patient  now  inspires  gas  and 
expires  into  the  air,  the  valves  being  in  action.  The  pointer  of  the  in- 
haler all  this  time  stands  at  o.  A  very  few  dei;p  breaths  are  enough  to 
cause  unconsciousness,  and  when  about  half  the  gas  in  the  bag  has  been 
exhausted,  the  valve.s  are  put  out  of  action  by  the  handle  //,  and  the 
patient  now  breathe.s  into  and  out  of  the  bag.  The  ether  is  now  grad- 
ually turned  on,  though  the  rotation  of  the  ether-chamber  is  more  rapid 
than  when  gas  is  not  used.  Thus,  ether-vapor  is  mixed  with  the  gas. 
and  the  patient  is  very  soon  under  its  influence.  No  air  should  be  given 
until  anesthesia  is  complete,  which  should  be  in  from  two  to  three 
minutes  from  the  commencement.  The  breathing  will  now  be  ster- 
torous, and  there  will  be  some  amount  of  cyanosis.  The  large  bag  is 
removed  at  this  stage,  and  the  small  ether-bag  put  in  its  place,  air 
being  then  admitted  for  the  first  time. 

Administration  of  Chloroform. — Chloroform  should  always  be 
given  by  the  open  method — /.  1.,  with  a  free  admixture  of  air. 

One  of  the  simplest  and  best  inhalers  is  a  piece  of  lint  folded  on 
itself  so  as  to  make  a  square  piece  of  double  thickness,  measuring 
five  or  six  inches.     There  are  several  advantages  in  this  : 

1.  The  evaponition  of  the  vapor  is  very  rapid,  and  the  admixture  of 
air  verj'  free. 

2.  There  is  little  danger  of  blistering  the  face,  as  the  lint  does  not 
get  soaked  with  the  liquid,  and  is  held  slightly  off  the  face. 

3.  It  frightens  children  much  less  than  a  more  bulky  apparatus. 

A  few  drops  of  chloroform  are  sprinkled  on  the  lint  from  a  drop 
bottle,  and  the  lint  is  at  first  held  at  some  little  distance  from  the  face. 
Very  soon  more  is  added,  and  this  is  done  at  short  intervals,  before  the 
previous  supply  has  entirely  evaporated,  each  time  slightly  increasing  the 
dose,  and  turning  the  lint  with  the  wet  side  toward  the  face.  The  lint 
is  also  brought  closer  to  the  face,  but  without  allowing  it  to  touch. 
The  strength  of  the  vapor  is  thus  gradually  increased,  so  that  the 
patient  soon  becomes  accustomed  to  it  without  any  disagreeable  sense 
of  suffocation,  and  breathes  freely.  The  struggling  .stage  is  soon 
reached,  and  here  great  care  must  be  observed,  especially  if  the  strug- 
gling is  violent.  If  the  respiration  is  free,  the  administration  should  be 
steadily  continued  by  small,  frequent,  and  gradually  increasing  doses. 
If  any  respiratory  obstruction  occurs,  the  administration  must  be  with- 
held till  the  breathing  is  free  again.  This  may  usually  be  effected  by 
drawing  forward  the  lower  jaw.  The  pupils  at  this  stage  are  usually 
dilated.  The  patient  soon  passes  into  a  state  of  tranquil  anesthesia,  the 
muscles  are  relaxed,  the  breathing  regular,  the  pupils  contracted,  and 
the  conjunctiva  insensitive.     The  operation  may  now  be  begun. 

From  this  point  the  anesthesia  is  to  be  maintained  as  far  a.s  po.ssible 
at  the  same  level.  The  chloroform  is  no  longer  increased  each  time, 
but  small  doses  are  frequently  administered.  At  no  time  should  a 
large  quantity  be  added,  and  as  the  operation  proceeds  the  amount 
should  be  decreased  gradually,  for  the  longer  the  anesthesia  lasts  the 
less  chloroform  is  required. 


mmous  oxiD,  etc. 
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A  careful  watch  should  be  kepi  on  the  pupils,  which  should  be 
maintained  at  their  greatest  possible  degree  of  contraction.  This  is 
best  done  by  a  steady  and  frequent  addition  of  small  quantities  of 
chloroform.  If  dilatation  occurs,  It  may  be  either  a  reflex  effect  due  to 
insufficient  anesthesia  or  the  result  of  an  overdose.  In  the  first  case 
conjunctival  reflex  will  usually  be  present,  in  the  latter,  absent;  but  if 
there  is  any  doubt  as  to  the  cause  of  the  dil.itation,  the  anesthetic  must 
be  withheld  till  the  doubt  is  removed. 

The  respiration  is  to  be  watched  very  carefully.  If  any  obstruction 
occurs,  the  chin  must  be  drawn  forward,  or  the  mouth  opened  and  the 
tongue  drawn  out  of  the  mouth.  If  the  respirations  become  shallow 
and  the  face  pale,  the  anesthetic  must  be  stopped,  the  head  lowered,  the 
tongue  drawn  fonvard,  and,  if  nccessarj-,  artificial  respiration  performed. 

The  condition  of  the  pulse  must  be  carefully  attended  to  through- 
out the  administration.  Under. chloroform  there  is  a  liability  to  de- 
pression of  the  circulation,  and  any  failure  of  the  pulse  should  be  a 
warning  to  diminish  or  discontinue  the  anesthetic. 

During  a  lengthy  operation,  if  the  pulse  begins  to  fail  and  the 
patient  shows  other  signs  of  faintncss,  it  is  a  good  plan  either  to  change 
to  ether,  or  to  mix  equal  paits  of  ether  and  chloroform  in  the  drop- 
bottle  and  administer  the  mi.xlure  on  Hnt.  The  pulse  will  generally 
improve  under  the  stimulation  of  the  ether,  and  the  patient  be  enabled 
to  go  through  the  rest  of  the  operation  without  further  trouble. 

In  slight  degrees  of  faintness.  sharp  rubbing  of  the  lips  and  face 
with  a  warm  dry  towel  acts  as  an  excellent  stimulant,  causing  both 
pulse  and  color  to  improve.  In  cases  of  serious  respiratory  or  cardiac 
failure,  artificial  respiration  should  be  at  once  resorted  to.  first  seeing 
that  the  way  is  clear  for  the  entrance  of  air  to  the  lungs.  Sylvester's 
method  is  the  most  satisfactorj-,  and  should  be  performed  deliberately, 
the  chest  being  compressed  not  more  than  sixteen  times  in  the  minute, 
and  sufficient  time  allowed  for  its  thorough  expansion  after  each  com- 
pression. Ether  may  be  injected  subcutaneously,  and  heat  and  elec- 
tricity applied ;  but  they  should  not  interfere  with  the  artificial  respira- 
tion, which  is  by  far  the  most  important  means  of  resuscitation. 

Chloroform,  as  has  been  said  before,  is  borne  better,  and  the  danger 
of  cardiac  and  respirator^'  failure  is  much  less,  if  anesthesia  has  been 
induced  by  ether  or  nitrous  oxid  and  ether.  This  should  always  be 
done  if  pos.sible.  the  patient  being  placed  fully  under  the  influence  of 
ether,  and  thus  efficiently  stimulated.  Children  take  chloroform  well, 
but  are  easily  overdosed,  so  great  care  should  be  taken  to  add  the 
anesthetic  in  ver>'  small  quantities  and  to  give  air  freely. 

A.C.  E.  and  other  JVlixtures. — The  A.  C.  E.  mixture  is  administered 
generally  by  means  of  a  leather  or  celluloid  inhaler  containing  a 
sponge,  and  having  holes  in  the  top  for  the  admission  of  air.  Other 
mixtures  containing  a  larger  proportion  of  chloroform  may  be  given 
on  lint. 

A.  C.  E.  is  often  used  as  a  preliminary  to  ether  in  certain  cases,  espe- 
cially alcoholic  and  lat  patients,  but  it  may  also  be  employed  during 
the  whole  administration.  The  same  precautions  must  be  observed  as 
in  the  administration  of  chloroform,  especially  as  to  the  free  admission 
"  air  and  the  addition  of  small  quantities  of  the  anesthetic. 


CHAPTER    XV. 
TUMORS. 

The  abnormal  conditions  to  which  the  term  tumor  is  applied  in 
clinical  work  may  be  arranged  in  four  groups:  i.  Connective-tissue 
tumors ;  2.  Kpithclial  tumors ;  3.  Dermoids ;  4.  Cysts, 

t^ich  t^roiip  contains  several  genera,  and  each  genus  comprises  one 
or  more  species.  The  principle  of  classification  (as  well  as  an  enumer- 
ation of  the  genera)  is  described  with  each  group.  The  definition  of 
each  genus  and  its  species  is  given  separately. 

Before  beginning  the  sj-stematic  description  of  the  %'arious  groups, 
it  is  necessary  to  consider  some  peculiarities  relating  to  the  eflects  of 
tumors  uiwn  the  individual,  which  are  of  the  greatest  clinical  importance. 

In  the  connecti\-e-tissue  and  the  epithelial  groups  some  of  the 
g«»era  display  what  is  known  as  malignanc\' ;  hence  it  is  customary  to 
Sficak  of  timiors  as  being  innocent  or  malignant. 

J/. »//:,'».»»/  /«w<>rs. — These  e>chibit  the  following  characters:  1. 
They  inlilirate  the  surrounding  tissues ;  2.  They  infect  adjacent  lymph- 
gUn«l< ;  3.  They  tend  to  recur  after  removal ;  4.  Thej'  become  dissem- 
iiuttxl  in  dist.mt  organs ;  and  ;.  They  inevitably  destroy  life. 

/itH,\ttT  rnmtTS. — These  are,  as  a  rule — 1,  Fncapsuled,  and.  when 
dilliise,  do  not  infiltrate ;  2.  Thej-  do  not  infect  the  h'mph-glands ;  3. 
Nor  Ttvur  after  complete  rcmox-al ;  +  The}"  do  not  disseminate ;  and  5. 
Thoy  imjx'ri'.  lilo  only  when  they  grv^w  in  the  \icinit)'  of  \-iia]  organs. 

r<)on"  .ire  tlinv  genera  <*f  tumors  to  which  the  adjecti\e  malignant 
is  es-.Mvi.t'.ly  applicable — s.ircoiiui.t.  ojiithciioma,  and  carcimnnata. 

I:  is  ini'.x^nant  ti>  hear  in  mind  that  iniiivent  tumors  may,  and  often 
d>>,  di-stR^y  iilV.  Tho  (.■ssenti.il  liiTierviice  helwoen  an  innocent  and  a 
mali!:^'-"'"  l"'"or  m.iy  )v  exi>T\-ssei3  thus  :  T^.v  ArP!.;'W  rtft-.-a ."' ww<Vi»/ 

,i'',  :,-';.7.;~;—  :h.-:'-  .<■;>&, }.T>ir, 

SnTironment. — 1:  sh.^ii'd  ho  K-rnc  in  mir^d  ihai  environment 
exerc-i^ifs  ,i:i  :;«",v'TT,jr.i  iTi:l-,:e;ico  on  the  r.ini-.r.:y  wiih  which  a  mali^ant 
;;:;T!.-7  ,;;-<:r,^\-s.  liie.  h  ni.jy  Si-  i:*eJ\i'  to  describe  iiiM»e  examples 
\>hv-h  w:"l  ^''.;i>:r.;:c  :he  inijvrr.ini'e  .m  er;\-:riT.mfT.i  in  relation  lo  the 
of>;r.;,-;-.\v  ,-:V,vr^  .■-:"  !;;n5.'>rs  .■'f  .1"  Kirn;*.. 

A  :.:-.-^,-:  ^-.^-.--.i;--"^  .^f  ^\v.'"ic  0.5- "-!'., -,i;i-  .5  i-h.-T^'.r.'-Tnat  is  a  t\-pical 
c\.-.-.i"-.-".j  ,v'  ,\  K"~-j;r  ■irvvi;'s  Vh;-  s;v>-.r,i;-;'  :v.-i-t-iiT;".oJ  in  Fig.  iSS 
A:v.>r  -  :-;;■  -;:N-v.v".:r»  ;:".i".'.  .^!' .,  \»,^m.-i  \W-  r.r^  3c«v:ted  it 
w.-.-i  ,-.-  :-.  ^  -■.<  .-.  ,->•;—:>•  K.-'T  r:i.;r:>-  Vi-.-.-s  t'r-f  :,:r.':.-'7  jT^f^  >ier\-  slowly 
i-^,-.  ,-.■,,.-,%-  "■"'.;•  v.^,-,-.--\-i"'- 'ir^oe  .\;:i-r  ;.r':v-!>-.:r  \vAr?  ilie  mass 
Kv^nv  -.-  .■.■■--V,^.;>  :>.i:  sV  >;;Sn'i"*\!  to  .v.vrariiin,  haA"mg  anained 
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This  tumor  may  be  contrasted  with  tlie  chondroma  represented  in 
Fig.  189.  growing  from  the  outer  surface  of  a  thoracic  vertebra  and  its 
corresponding  rib.  An  outrunner  from  the  tumor  has  crept  through 
an  intervertebral  foramen  and  spread  upward  and  downward  in  the 

neural  canal ;   it  compressed  the  spinal 
cord,  aiid  produced  fata!  paraplegia. 

The  baleful  effects  of  environment  are 
strikingly  illustrated  in  the  following 
case :  A  man  thirty-six  years  of  age  was 
found  lying  on  hi.s  back  in  the  street, 
apparently  in  a  fit,  but  he  quickly  died. 
At  the  post-mortem  examination  a  tumor 
no  bigger  than  a  dove's  egg  was  found 
firmly  connected  with  the  windpipe;  it 
had  so  compressed  tile  trachea  as  to 
almost  obliterate  its  channel  (Fig.  190). 
Microscopically,  the  tumor  exhibited  the 
character  of  the  thyroid  gland.  It  may 
have  originated  in  an  accessory  thyroid 
or  even  in  a  parathyroid. 

The  preceding  examples  illustrate  the 
fact  that  when  an  innocent  tumor  causes 
death,  it  is  an  accident  depending  entirely 
on  its  relation  to  vital  organs. 

The  following  illustration  demonstrates 
the  dangerous  character  of  a  malignant 
tumor.  A  man  sixty-five  years  of  age 
had,  as  long  as  he  could  remember,  a 
small  black  patch  \  cm.  (0-4.  inch)  in 
diameter  on  the  sole  of  his  foot.  Without 
any  obvious  reason,  this  small  black  area 
increa.sed,  became  slightly  rai.sed,  and  began  to  pulsate.  Shortly  after- 
ward the  lymph-glands  in  the  groin  enlarged  and  formed  a  big  lobu- 
lated  mass,  and  in  the  course  of  a  year  the  man  died  with  secondary 
black  nodules  in  the  lungs,  liver,  kidney,  spleen,  and  skin.  The  urine 
also  contained  black  pigment  (melanin). 

It  is  when  tumors  arise  in  a  situation  such  as  this,  remote  from 
important  organs,  and  yet  destroy  life  in  a  few  months,  that  malignancy 
is  most  significantly  expressed. 

When  a  malignant  tumor  interferes  with  vital  organs,  it  may  cause 
death  very  speedily.  For  instance,  the  lower  half  of  the  esophagus 
with  its  gastric  orifice,  represented  in  Fig.  191,  was  removed  after  death 
from  a  man  forty-six  years  of  age.  He  exjKrricnced  slight  irritation  in 
the  throat  while  eating,  and  this  symptom  increased  so  quickly  that  in 
five  months  the  communication  between  the  esophagus  and  the  stomach 
was  obstructed,  and  he  died  of  starvation.  The  tumor  is  a  carcinoma, 
shaped  hke  a  cotton  bobbin.  The  narrow  part  of  the  tumor  was  gripped 
by  the  esophageal  opening  of  the  diaphragm,  and  the  broad  ends  pro- 
jected, one  above  and  one  below  this  muscle. 

One  of  the  most  striking  facts  in  connection  with  malignant  tumors 
is  the  insidious  way  in  which  they  will  involve  organs,  and  yet  give 


Fig  190. — 'Encapsulalcii  tumor 
whicli  compressed  ilie  irachca  and 
caused  death. 
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rise  to  few  signs  until  they  interfere  with  its  function.  Many  malignant 
tumors  arising  in  the  pelvic  organs  of  men  and  women  run  a  rapidly 
fatal  course,  because  they  implicate  the  bladder  and  the  vesical  ends  of 
the  ureters,  and  set  up  renal 
disturbance  and  uremia. 

It  is  a  marked  feature  of 
malignant  tumors  tliat  when 
the  primary  tumor  implicates 
a  vital  organ,  it  may  destroy 
life  before  there  has  been  time 
for  dissemination  to  occur; 
when  the  environment  is  un- 
favorable, then  death  is  often 
induced  by  secondary  nod- 
ules occupying  important 
organs,  such  as  the  lung,  liver, 
brain,  etc. 

Innocent  tumors  differ 
from  malignant  ones  in  the 
fact  that  they  may  occur  in 
multiples.  It  is  common 
enough  to  find  5,  lO,  and 
even  20  subcutaneous  lipo- 
mata  on  an  individual.  Fifty 
and  even  1000  tumors  (fibro- 
mata) have  been  counted  on 
the  nerves  of  one  man.  Ten 
or  100  myomata  may  grow 
concurrently  in  a  uterus,  and 
3  or  more  nevi  have  often 
been  observed  on  the  skin 
of  an  infant.  Chondromata, 
ostcomata,  and  odontomata 
occur  in  multiples ;  while  ova- 
rian dermoids  and  adenomata 
are  frequently  bilateral. 

Adenomata  areoften  found 
in  both  mamms,  and  two  or 
three  sometimes  grow  concurrently  in  the  same  breast  Multijile 
adenomata  are  by  no  means  rare  in  the  thyroid,  prostate,  and  liver. 
Psammomala,  though  rare  tumors,  often  occur  bilaterally  in  connec- 
tion with  the  choroid  plexuses  of  the  brain. 

It  is,  however,  raru  to  find  two  primary  sarcomata  save  in  paired 
organs.  Bilateral  sarcomata  of  the  kidney,  retina,  and  ovary  of  infants 
arc  common.  In  one  interesting  case  a  kidney  of  an  infant  was  excised 
for  sarcoma;  four  and  a  half  years  later  a  sarcoma  arose  in  the  remain- 
ing kidney  and  destroyed  the  patient  (Abbe).  A  similar  condition  has 
been  observed  in  connection  with  the  testis.  One  was  removed  from  a 
man  of  seventy  years  for  lymphosarcoma;  the  disease  subsequently 
arose  in  the  opposite  testis  and  destroyed  the  patient  (Hutchinson). 

The  occurrence  of  two  primary  carcinomata  in  an  individual  is  exces- 
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FiC  191, — L,owfr  linlf  of  an  esophagus.     Its  gaalnc 
orifice  is  obsiiucicU  by  a  HtreinQma. 
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sively  rare,  except  in  the  peculiar  form  of  skin-cancer  known  in  England 
as  rodent  ulcer  (see  page  488}. 

The  concurrence  of  primary  cardnomata,  even  in  bilateral  organs — 
c.  ^..  the  mamma: — has  rarely  been  substantiated  by  adequate  micro- 
scopical evidence. 

It  is  excessively  rare  to  find  two  primary  carcinomata  of  different 
genera  attacking  the  same  person.  My  own  experience  is  limited  to 
one  case.  Primary  mammary  carcinoma  occurred  in  a  iady  of  fifty- 
eight  years ;  the  tumor  was  removed,  and  its  nature  determined  by  the 
microscope.  Two  yeara  later  a  typical  carcinoma  arose  in  the  mucous 
membrane  of  the  rectum  ;  it  was  successfully  excised.  Of  all  the  genera 
of  carcinoma,  the  mammary  and  uterine  are  most  common,  but  no 
instance  of  their  concurrence  is  recorded. 

The  coexistence  in  the  same  person  of  two  genera  of  innocent 
tumors  is  well  known — indeed,  is  almost  a  matter  of  daily  observation, 
uterine  myomata  and  ovarian  dermoids,  lipomata  and  sequestration 
dermoids,  chondrnmata  and  osteomata,  etc.,  being  frequent  combinations. 
An  individual  may  have  one  or  more  innocent  tumors  for  many 
years,  and  then  a  carcinoma  may  arise,  sometimes  in  an  organ  already 

occupied  by  a  tumor.  For  example, 
the  uterus  may  be  the  seat  of  a  large 
myoma,  and  carcinoma  may  subse- 
quently arise  in  the  cervical  endo- 
nietrium. 

Mammary  carcinoma  and  ovarian 
adenoma  occasionally  grow  concur- 
rently ;  or  cancer  may  arise  in  the  ■ 
mamma  a  year  or  more  after  the  re- 
moval of  a  unilateral  or  bilateral  ova- 
rian tumor. 

Two  examples  of  the  coexistence 
of  pyloric  cancer  and  ovarian  adenoma 
have  come  under  my  observation,  and 
on  one  occasion  I  removed  a  myxoma 
from  the  lower  cervical  nerves  and  a 
cancerous  breast  from  tiit  same  patient 
on  the  same  day.  A  very  rare  com- 
bination, observed  by  Hutchinson,  is 
an  adenoma  of  the  mamma  embedded 
in  a  mammary  carcinoma.  The  woman 
was  forty-six  years  of  age,  and  had 
noticed    the   lump   in    her    breast   for 

Fig.  tga. — A  m:ininia  in  seclion.show-    tWentV   VCarS. 
inffun  adenima  {b\  surrounded  bvcarci-  *■  ..      i.    r     ..  r- 

>.oma(..)(Mus.,>i.;..(th=  Royal  coii-^gc         An    important   feature  of  mnocent 
of  Surgeons,  London).  tumors   IS   the   exi.stencc   in    most   of 

them  of  a  distinct  capsule  which  iso- 
lates them  from  the  surrounding  tissues;  those  which  are  "diffuse" 
differ  from  malignant  tumors  in  that  they  do  not  infiltrate.  This  dis- 
tinction between  an  encapsuled  and  an  infiltrating  tumor  is  shown  in 
Fig.  192;  the  isolation  of  the  adenoma  stands  in  striking  contrast  to 
the  indefiniteness  of  the  carcinoma. 
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The  infiltrating  propensities  of  malignant  tumors  explain  in  part  the 
frequency  and  rapidity  with  which  tiiey  sometimes  recur  after  removal, 
for  in  attempting  its  extirpation,  the  surgeon,  unable  to  define  their  limits, 
loaves  portions  of  the  tumors,  and  as  the  life  of  these  outlying  fragments 
is  uninfluenced  by  the  removal  of  the  main  mass,  they  continue  to  grow, 

I/ymph-glaild  Infection. — This  is  a  very  remarkable  feature  in 
connection  with  epithelioma,  carcinomata,  and  cutaneous  melanomata. 
The  cells  from  the  primary  tumor  are  conveyed  by  the  lymphatics  to  the 
corresponding  lymph-glands,  which  enlarge  and  often  form  masses 
exceeding  in  size  the  primarj'  tumor.  When  the  lymph-glands  thus 
become  infected,  the  removal  of  the  primarj'  tumor  in  no  way  influences 
them,  for  the  carcinomatous  elements  in  the  lymph-glands  continue  to 
grow  and  destroy  hfe  as  surely  as  if  the  primary  tumor  had  been 
allowed  to  persist. 

Dissemination. — The  most  extraordinary  fact  in  regard  to  malig- 
nant tumors  is  their  tendency  to  reproduce  themselves  in  distant 
organs.  This  dissemination  is  eflected  by  lymphatics  and  by  veins, 
The  producLs  of  this  process  are  known  as  secondary  nodules,  and 
they  agree  histologically  with  the  primarj'  tumor.  In  some  cases  the 
identity  is  so  complete  that  an  experienced  oncologist  can  often  tell 
from  the  microscopical  structure  of  a  secondary  nodule  tlie  situation  of 
the  primarj'  tumor.  Thus,  a  patient  had  many  secondary  nodules  in  his 
skin;  the  primary  seat  of  the  disease  had  not  been  detected.  One  of 
the  nodules  was  excised  and  found  to  contain  glands  such  as  occur  in 
the  stomach  and  intestine.  When  the  man  died,  a  carcinoma  was  found 
at  the  pyloric  end  of  the  stomach. 

L  CONNECTIVE-TISSUE  TUMORS. 

Virchow  (1863)  demonstrated  that  all  the  tissues  found  in  tumd^ 
have  a  phj'siological  prototj'pe,  and  as  complete  ignorance  exists  as  to 
the  pathogenesis  or  cause  of  tumors,  it  is  necessary  for  the  purpose  of 
classification  to  use  their  structural  (histologic)  characters  as  a  base. 
Hence  it  is  customary  to  classify  the  tumors  of  this  group  into  genera 
according  to  the  tissue  which  preponderates; 


1.  Lipomata. 

8. 

Neuromata, 

2.  Chondromata. 

9- 

Angiomata. 

3.  Osteomata. 

ID. 

Lympliangiomata 

4,  Odontomata. 

It. 

Myomata. 

5.  Fibromata. 

12. 

Myelomata. 

6.  Myxomata. 

'3- 

Sarcomata. 

7.  Gliomata. 

Before  diicussing  each  genus,  it  will  be  useful  to  point  out  that 
Virchow's  great  generalization  has  been  so  well  established  th.tt  if  the 
student  were  asked  to  enumerate  the  primary  tumors  likely  to  occur 
in  a  particular  organ,  it  would  be  merely  nccessaiy  to  make  a  list  of 
the  various  structures  and  tissues  composing  it  in  order  to  answer. 
To  put  the  matter  briefly,  it  may  be  said  that  the  structure  and  embry- 
ology of  an  organ  are  guides  to  the  tumors  which  may  arise  therein. 
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Take,  for  instance,  the  tibia  of  a  child  of  ten  years :  it  contains  carti- 
lage, bone,  periosteum,  fat,  and  red  marrow.  Each  of  these  tissues 
may  give  rise  to  a  tumor.     Thus  the  epiphyseal  cartilage  may  be  the 

source  of  a  chondroma  or  an 
osteoma;  the  periosteum  fur- 
nishes sarcomata  and  occasion- 
ally h'pomata;  and  myelomata 
arise  in  the  red  marrow.  Epi- 
thelial tumors — cancers^ — ^do  not 
arise  primarily  in  bone,  as  it  has 
no  epithelium,  but  they  often 
occur  as  secondary  deposits. 

The  doctrine  of  tissue-proto- 
types is  admirably  illustrated  in 
the  case  of  the  kidney.  This 
organ  is  a  compound  gland  con- 
sisting of  a  multitude  of  com- 
plicated (uriniferous)  tubules, 
lined  with  epithelium.  These 
tubules  open  into  a  dilatation 
(the  pelvis)  at  the  upper  end  of 
the  ureter.  The  renal  pelvis 
with  its  recesses  (infundibula) 
consists  of  unstriped  muscle- 
tissue,  lined  with  epithehum. 
The  sinus  of  the  kidney,  besides 
accommodating  the  ureter,  renal 
vessels,  and  nerves,  is  occupied 
by  connective  tissue.  In  addi- 
tion, .small  detached  adrenals  are 
occasionally  found  embedded  in 
the  renal  cortex  immediately  be- 
neath the  capsule. 

Taking  our  knowledge  of  the 
structure  of  the  kidney  into  ac- 
count, we  should  expect  to  find 
tumors  arising  in  it  which  could 
be  accredited  to  the  following 
genera :  Adenoma  and  carcinoma 
originating  in  the  cortex;  sar- 
coma growing  from  the  connec- 
tive tissue  of  the  sinus  ;  myomata 
starting  from  the  pelvis,  and  papillomata  from  its  lining  epithelium; 
and,  lastly,  tumors  from  the  accessory  adrenals  lodged  in  its  cortex. 
So  far,  a  true  renal  adenoma  has  yet  to  be  demonstrated,  but  the 
remaining  genera  have  been  repeatedly  observed. 

Although  our  knowledge  of  the  intimate  structure  of  tumors,  thanks 
to  differential  staining  methods,  is  now  sufficient  to  enable  us  to  indicate 
from  the  structure  of  an  organ  the  genera  of  tumors  to  which  it  may  be 
liable,  nevertheless  the  most  careful  study  of  the  minute  structure  of  such 
organs  as  the  salivary  glands  would  not  lead  us  to  suspect  their  liability 


Timor. 


Bewoe-iu 


Fju.  193. — Sarcoma  of  the  libia  in  a  girl,  in 
section. 
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to  purechondromata;  and  it  is  "passing  strange"  that  they  should  occur 
in  the  parotid,  submaxillary,  and  lacrimal  glands,  and  yet  be  unknown  in 
the  pancreas.  What  oncologist,  merely  from  studying  the  histology 
of  a  normal  ovary,  would  suspect  that  it  would  be  the  point  of  origin  of 
a  dermoid  ?  It  is  like  studying  the  fauna  of  a  country.  For  instance, 
who  suspected,  until  Australia  was  discovered,  the  existence  of  extra- 
ordinary mammals  like  kangaroos  and  duck  moles?  But  knowledge 
gained  from  observation  enables  us  to  state  that  gliomata  do  not  arise 
in  bone,  nor  myomata  in  the  brain,  nor  dermoids  in  the  spleen,  liver,  or 
kidney,  with  the  same  certainty  that  we  assert  that  at  the  present 
period  of  our  planet's  history  lions  do  not  sport  about  the  ice-fields 
of  Greenland,  nor  humming-birds  flit  about  the  flower-beds  of  Hyde 
Park. 

It  is,  however,  necessary  to  point  out  that,  although  the  tissues  of 
an  organ  determine  the  species  of  tumors  to  which  it  may  be  liable, 
their  relative  frequency  can   be  gathered  only  from  observation. 

The  liability  of  organs  to  tumors  composed  of  similar  tissues  is  a 
very  curious  matter.  The  heart  is  with  excessive  rarity  occupied  by 
a  tumor:  on  the  other  hand,  the  uterus,  a  muscular  organ,  is  with 
extreme  frequency  the  seat  of  myomata.  The  liability  of  bones  to 
sarcomata  is  proverbial,  yet  a  sarcoma  of  a  voluntary'  muscle  is  a 
rarity.  A  primary  tumor  of  the  lung  is  regarded  as  a  phenomenon, 
but  it  is  common  enough  in  the  brain.  It  is  also  mysterious  why  a 
sarcoma  of  the  shaft  of  the  femur  or  of  the  humerus  should  be  the 
deadliest  of  all  tumors.  These  and  many  kindred  questions  indicate 
profound  imperfection  in  our  knowledge, 

Ifipoitiata  {Fatty  Tumors). — These  tumors  are  composed  of  fat. 
The  genus  consists  of  a  single  species.  They  occur  in  connection  with 
almost  every  organ  of  the  body. 

Subcutaneous  Lipomata. — These  occur  as  irregularly  lobulated, 
encapsuled  tumors  in  the  .subcutaneous  fat.  They  are  usually  movable 
within  their  capsules,  and  the  overlying  skin  is  puckered,  especially 
when  an  attempt  is  made  to  raise  it  from  the  underlying  tumor. 

Upomata  vary  in  size;  some  may  have  a  diameter  of  »  cm. 
(J  inch),  whilst  others  have  a  circumference  of  a  meter  (39.37  in.). 
In  the  majority  of  cases  1  tumor  is  present ;  in  other.i  10,  30,  or  more 
coexist.  The  favorite  situation  is  the  trunk  and  trunk-end  of  the 
hmbs,  but  they  arise  on  the  face,  scalp,  palm,  sole  (Fig.  194),  fingers, 
and  scrotum.     Occasionally  they  are  pedunculated. 

There  is  a  varietj',  most  frequently  seen  on  the  arms  and  thighs, 
occasionally  on  the  trunk,  and  rarely  exceeding  the  dimensions  of  a 
filbert  nut.  which  occurs  in  multiples,  and.  as  they  are  often  painful, 
simulate  neuromata.  Irregular  non-cncapsuled  ma.sses  of  fat  are  some- 
times seen  on  the  neck,  axillae,  and  groins  ;  they  are  known  as  "'  difl'use 
lipomata."  Fatty  tumors  that  have  existed  many  years  sometimes 
calcify,  the  earthy  salts  being  deposited  in  the  fibrous  septa  of  the 
tumor.  This  ch.inge  may  affect  pedunculated  as  well  as  sessile  lipo- 
mata; saponification  occasionallv  occurs   in  old  lipomata. 

Very  vascular  hpomala  are  sometimes  called  ncvolipomata :  they 
are  met  with  on  the  face  and  on  the  periosteum  of  long  bones  in  situa- 
tions where  it  is  subcutaneous. 
M 
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Subserous  Lipomata. — The  ptritoricum,  like  the  skin,  rests  upon  a 
bed  of  fat.  Liponiata  of  enormous  dimensions  arise  sometimes  in  this 
subserous  layer,  and.  like  the  subcutaneous  species,  they  may  be 
sessile  or  pedunculated.  Fatty  tumors  sometimes  arise  in  the  redup- 
lications of  the  [jeritoneum,  such  as  the  omentum,  mesentery,  and 
mesometrium.  When  they  drag  upon  the  peritoneum  in  the  neigh- 
borhood of  the  inguinal  riugs,  the  crural  canal,  or  adventitious  opening 
in  the  linea  aJba  or  diaphragm,  they  produce  finger-like  pouches  known 
as  fatty  hernia.  These  are  especially  common  in  the  neighborhood  of 
the  umbilicus.     Pedunculated  subserous  lipomata  are  usually  associ- 


FlC  194. — Lipoma  (ir  Ihe  sole  which   liad  eiiiittd  for  thirty  yean,     II  was  removed  by 
Percjva]  Pod  (Museum  of  St-  Bartholomew's  Hospital.  London). 

ated  with  the  colon  :  they  are  usually  exaggerated  epiploic  appendages. 
This  species  of  lipomata  sometimes  arises  in  the  spermatic  cord,  and 
assumes  a  characteristic  elongated,  ovoid  shape. 

Subsynovial  Lipomata. — Many  synovial  membranes  have  fat  in 
their  deeper  layers.  This  may  project  into  the  joint,  and,  becoming 
pedunculated,  form  sub.synovial  lipomata.  Usually  many — 50  to  100 
— are  present.     MiiUer  termed  the  condition  "  lipoma  arborescens," 

Submucous  lipomata  rarely  attain  a  large  size.  They  have  been 
found  ill  the  conjunctiva,  lips,  pharynx,  larynx,  stomach,  small  intestine, 
colon,  and  rectum.     They  may  be  sessile  or  stalked. 

Intermuscular  Lipomata. — The  connective  tissue  of  intermuscular 
septa  is  provided  with  fat  and  is  the  source  of  fatty  tumors,  sometimes 
of  large  size.     They  occur  equally  in  the  trunk  and  limbs. 

Intramuscular  Lipomata. — Many  examples  of  fatty  tumors  occur- 
ring in    muscles    have   been   recorded.     They  have  been  found  in  the 
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biceps,  deltoid.  complL-xus,  the  cardiac  septum,  and  the  rectus 
abdominis. 

Periosteal  lipomata  arise  from  the  periosteum  of  bones,  and  nearly 
always  contain  tracts  of  striped  muscle-tissue.  They  have  been 
observed  on  the  scapula,  innominate  bone,  clavicle,  humerus,  radius, 
ulna,  femur,  tibia,  fibula,  cervical  vertebra,  and  the  frontal  bone,  and 
the)'  often  simulate  periosteal  sarcomata. 

Meniniceal  Lipomata. — Fatty  tumors  occur  on  the  outer  or  inner 
surface  of  the  spinal  dura  mater.  The  extradural  variety  often  over- 
lies the  sac  of  a  spina  bifida.  Intradural  lipomata  may  contain  tracts 
of  striped  muscle-tissue ;  occasionally  they  are  associated  with  a  masked 
spina  bifida.  Fatty  tumors  growing  from  the  sheatli  of  nerves  are 
sometimes  called  neiirolipomata. 

Clirondoma.ta,  ( (Titr/V/ii^t'  Tumors). — These  tumors  are  composed 
of  hyaline  cartilage.  The  genus  contains  three  species :  i.  Chondro- 
mata;   2.   Ecchondroses ;  3.  Loose  cartilages  in  joints. 

Chondromata. — In  the  most  typical  condition  this  species  is  met 
with  in  the  long  bones  of  the  limbs,  esjjecially  those  of  the  hand.  They 
arise  in  connection  with  epiphyseal  cartilages  ;  hence  chondromata  are 
more  common  in  children  and  in  early  adult  life.  They  often  occur  in 
multiples,  but  solitary  examples  are  not  rare.  Those  who  have  had 
rickets  are  especially  prone  to  develop  chondromata,  and  the  tumor- 
tissue  resembles  the  bluish,  translucent  cartilage  so  characteristic  of  the 
rickety  epiphyseal  hno.  Chondromata  are  encapsuled,  painless,  grow 
slowly,  and  are  very  prone  to  mucoid  degeneration ;  they  frequently 
ossify.  Tumors  composed  of  pure  hyaline  cartilage  occur  in  the 
parotid,  submaxillary,  and  lacrimal  glands.  (See  Chondrifyiiig  Sarcoma, 
paffe  477.) 

Ecchondroses  are  local  outgrowths  of  cartilages,  and  occur  along 
the  edges  of  articular  cartilages,  especially  of  the  knee-joint.  They 
are  common  on  the  triangular  cartilage  of  the  nose,  and  occasionally 
spring  from  the  cartilages  of  the  larynx. 

Loose  Cartilages  of  Joints. — The  pedunculated  fringes  hanging 
from  the  synovia!  membranes  of  joints  often  chondrify,  and.  when  they 
become  detached,  give  rise  to  one  variety  of  loose  body  in  the  joint. 

Osteomata  {Bony  Tumors). — An  osteoma  may  be  defined  as  an 
ossifying  chondroma.  The  genus  contains  two  species:  i.  Compact 
or  ivory  osteoma  ;   2.  Cancellous  osteoma. 

Compact  osteomata  are  structurally  identical  with  the  compact 
^|issue  of  the  shaft  of  a  long  bone.     Often  their  sub.stance  is  as  dense 

that  of  the  petrosal.  They  occur  most  frequently  on  the  bones  of 
the  skull,  especially  from  the  walls  of  the  frontal  sinus,  the  osseous 
walls  of  the  e.Kternal  auditory  meatus,  the  mastoid  process,  and  the 
angle  of  the  mandible.     This  species  is    usually   sessile. 

Caocellous  osteomata  resemble  in  structure  the  cancellous  tissue 
of  bone.  They  usually  arise  in  the  neighborhood  of  the  epiphyseal 
lines,  and,  when  growing,  are  capped  with  cartilage,  which  bears  the 
same  relation  to  the  tumor  that  an  epiphyseal  line  bears  to  a  long  bone. 
These  tumors  may  be  ses.sile  or  pedunculated.  When  situated  at  the 
distal  end  of  the  radius  or  tibia,  they  are  deeply  channelled  by  the  flexor 
and  extensor  tendons.     When  projecting  near  the  skin,  the  summit  is 
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often  surmounted  by  a  bursa.  This  species  may  be  single ;  often  they 
are  imikiplc. 

Exostoses. — Often  all  bony  outgrowths,  including  osteomata.  are 
vaguely  classed  as  exostoses.  Under  the  term  exostosis  are  included 
ossification  of  tendons  at  their  attachments,  the  subungual  exostosis, 
and  calcified  inflammatory  exudations.  An  exostosis  is  not  a  true 
tumor. 

Odontomes  {Tooth  Tumors). — These  are  tumors  composed  of 
dental  tissues  in  varj'ing  proportions  and  different  degrees  of  develop- 
ment, arising  from  teeth-germs  or  teeth  .still  in  the  process  of  growth. 
The  species,  determined  according  to  the  part  of  the  tooth-germ  con- 
cerned in  their  formation,  are ;  1,  Epithelial  odontome;  2.  Follicular 
odontome ;  3.  Fibrous  odontome ;  4.  Cememome ;  5.  Compound 
follicular  odontome;  6.  Radicular  odontome ;  7.  Composite  odontome. 

Epithelial  odontomes  arise  from  tlie  enamel  organ,  and  occur  as 
encapsulcd  tumors  in  the  jaws.  On  section  they  are  made  up  of  con- 
geries of  cysts  of  various  shapes  and  sizes.  Histologically  they  con- 
sist of  branching  and  anastomosing  columns  of  cpithehum  which  con- 
tain tissue  resembling  the  stratum  intermedium  of  an  enamel  organ. 

Follicular  Odontomes  {Dentigtroiis  Cyst  of  older  writers). — This 
species  is  usually  associated  with  the  permanent  teeth.  They  arise  in 
this  way:  A  tooth  is  retained,  and  the  wall  of  the  follicle  becomes 
greath'  thickened  and  distended  with  fluid.  The  tooth  may  be  loose 
in  the  sac,  sometimes  iiuerted.  or  its  root  may  be  truncated  (incom- 
plete). As  a  rule,  a  single  odontome  is  present,  but  2  and  even  4  may 
coexist. 

Fibrous  Odontomes. — Ever>-  tooth  before  eruption  is  enclosed  in  a 
fibrous  capsule — tlie  tooth-sac.  This  sac  may  become  so  thick  that 
the  tooth  is  embedded  and  remains  non-erupted.  Sometimes  it  is  rep- 
resented as  a  denticle.  This  species  has  often  been  described  as  mye- 
loid sarcoma      It  occurs  most  frequently  in  rickctj-  children. 

Cementomes  are  met  with  in  ruminants ;  they  are  rarely  obser\'ed 
in  man. 

Compound  follicular  odontomes  consist  of  fibrous  tumors  with 
numerous  denticles  embedded  in  their  substance,  which  erupt  from 
time  to  time. 

Radicular  odontomes  arise  after  the  crown  of  the  tooth  is  com- 
pleted, ard  art  fiirmcd  from  llie  tooth-papilla.  They  consist  of  dentine 
and  cementum  in  \-arv-ing  proportions. 

Composite  odontomes  are  due  to  disorder  of  the  whole  tooth-germ : 
they  consist  of  enamel,  dentine,  and  cementum  irre^larly  intermixed, 

Odontomes  occur  in  the  upper  as  well  as  the  lower  jaw ;  but  all  the 
species  attain  a  far  larger  size  in  the  maxitla  than  m  the  mandible,  for 
the\'  are  able  to  tn\-ade  the  antrum,  and  for  a  time  there  is  less  restric- 
tion to  their  growth. 

Fibromata. — These  are  tumors  composed  of  fibrous  tissue.  This 
genus  contains  two  species — simple  fibrofna  and  mollu5:cum  fibrosum. 

Simple  Fibroma. — Tumors  of  this  iqx^iei  arc  composed  of  wav-y 
bundles  of  dense  fibrous  tissue.  The  bundles  consist  of  \ao%,  slender, 
fusiform  cells.  cK>scly  packed  together  and  fiequetitly  arranged  in 
whorls ;  the  arteries  of  the  tumor  frequent^-  traverse  the  centers  of 
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the  vortices.     Simple  fibromata  occur  in  the  following  situations  :     On 

the  gums  (epulis), in  the  ovary,  uterus  (fibroids),  on  nerves  (neuromata), 

and  as  the  tiny  nodules  in  the  skin  known  as  painful  subcutaneous 

tubercle.     It  is  a  matter  of  great  difficulty  to  determine  histologically 

between  some  fibromata  and  slowly-frrowing,  spindle-celied  sarcomata. 

Molluscum  Fibrosum. — -This  extraordinary  condition    of  the  skin 

has  been  described  under  a  variety  of  names — dermatolysis.  fibrocellu- 

llar  tumor,  etc.     It  consists  of  overgrowth  of  skin  and  subcutaneous 

[tissue,  which  may  affect  a  small  area  like  the  scalp,  or  involve  a  large 

l«xtent  of  skin  on  the  trunk  or  limbs,  causing  it  to  hang  in  pendulous 

_folds.    Occasionally  a  solitary  molluscum  nodule  may  hang  by  means 

of  a  (ylindrical  stalk  from  the  greater  labium,  or  even  from  the  nipple 


Tin.  195. — PedunculftKd  motluscum  tibrosum  which  grew  riom  tliv  mammary  .ireola  (Museum 
of  Middlesi'x  Hospital,  London). 


or  mammary  areola  (Fig.  195).  Sometimes  it  a.ssumes  the  form  of 
discrete  nodules  scattered  about  the  skin,  the  nodules  varying  in  size 
from  a  pea  to  a  walnut.  Cutaneous  nodules  and  pendulous  skin-folds 
occur  in  the  same  individual,  and  occasionally  multiple  nodules  in  the 
skin  are  associated  with  a  multitude  of  fibrous  nodules  on  the  trunks 
of  the  peripheral  nerves  (multiple  neuromata). 

Simple  fibromata  and  the  molluscum  fibrosum,  whether  they  occur 
as  a  pendulous  fold  or  as  a  discrete  nodule,  .show  no  disposition  to 
recur  .ifter  removal,  and  are  not  very  vascular. 

Mjxomata. — These  tumors  are  comjjo.sed  of  ti.ssue  identical  with 
that  which  surrounds  the  vessels  of  the  umbilical  cord. 

The  genus  contains  a  single  species — myxoma.  Tumors  comjjosed 
almost  entirely  of  myxomatous  tissue  are  very  rare,  and,  when  cut  into, 
resemble  a  mass  of  trembling  Jelly,  from  which  a  quantity-  of  straw- 
colored  fluid  drains  away.  Microscopically,  myxomatous  tissue  consists 
of  cells  with  long,  slender,  delicate  processes. 

Myxomala  are  very  rare,  but  many  tumors  contain  tracts  of  myxo- 
matous tissue  as  a  secondary  change.     This  is  especially  the  case  with 
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chondromata.  fibromata,  myomata.  and  sarcomata.     The  characters  of 

myxomata  may  be  studied  in  the  cnnimori  nasal  polypi.  These  are 
edematous  pendulous  processes  of  mucous  membrane. 

Gliomata. — The  tumors  of  this  genus  are  composed  of  the  deli- 
cate connective  tissue  known  as  neuroglia.  It  contairjs  a  single  species 
— glioma. 

Gliomata  occur  only  in  the  contra!  nervous  system  as  tumors  impier- 
fcctly  demarcated  from  the  surrounding  tissue.  A  glioma  may  consist 
of  translucent  tissue  of  the  consistence  of  vitreous  humor,  or  it  may  be 
as  firm  as  the  cerebral  cortex.  The  tumors  consist  of  cells  furnished 
with  delicate  ramifying  processes :  the  cells  contain  one  or  more 
nuclei.  Gliomata  are  quite  often  very  vascular,  and  in  some  the  vessels 
are  so  numerous  that  they  have  been  described  as  cerebral  angiomata 
or  angiosarcomata. 

Gliomata  are,  as  a  rule,  solitary  tumors,  and  do  not  disseminate. 
They  are  twenty  times  more  common  in  the  brain  than  in  the  spinal 
cord. 

Neuromata. — It  is  desirable  to  discard  this  term,  because  it  is  used 
in  clinical  work  as  signifying  a  tumor  of  a  nerve.  As  tumors  of  nerves 
may  be  fibromata,  myxomata,  lipomata,  or  sarcomata,  it  is  far  better  to 
speak  of  them  as  fibroma  of  a  nerve,  lipoma  of  a  nerve,  and  so  forth. 

Nerves  are  liable  to  a  singular  condition  which  it  is  found  convenient 
to  term  plexiform  neuronui,  in  which  the  nerves  distributed  to  or  lying 
in  relation  with  the  subcutaneous  tissue  of  a  brown  mother-mark  or  a 
hairy  mole  become  greatly  thickened,  tortuous,  and  sometimes  almost 
translucent,  due  to  the  large  amount  of  myxomatous  tissue  in  the 
nerve-sheath.  This  curious  but  rare  condition  may  occasionally  occur 
independently  of  a  mole.  Plexiform  neuromata  have  a  distribution  as 
wide  as  that  of  hairy  moles;  they  occur  on  the  hairy  scalp  as  well  as 
on  the  less  hairy  regions  of  the  skin.  The  strange  occasional  associa- 
tion of  moUuscum  nodules  and  pendulous  moUuscum  folds  with 
fibromata  of  nerves  has  already  been  alluded  to  (page  469). 

Angiomata. — These  are  tumors  composed  of  an  abnormal  forma- 
tion of  blood-vessels.  The  genus  contains  three  species — simple  nevus  ; 
cavernous  nevus  ;  plexiform  angioma. 

Simple  Nevus, — Of  this  species  there  are  three  varieties,  A  nevus 
may  appear  as  a  superficial  pink  or  deep-blue  discoloration  of  the  skin, 
known  as  "port-wine  stain;"  it  may  involve  an  area  of  skin  z  cm. 
(I  inch)  square,  or  a  large  part  of  the  face,  half  the  trunk,  or  even  a 
whole  limb. 

More  frequently  the  nevus  appears  in  the  form  termed  telangiectasis. 
This  consists  of  an  abnormal  collection  of  arterioles  or  venules  in  the 
skin,  the  subcutaneous  and  subperitoneal  tissue,  less  frequently  in 
mucous  membrane.  All  examples  of  telangiectasis  contain  arterioles, 
venules,  lymphatics,  and  fat  in  varying  proportions.  When  arterioles 
preponderate,  the  nevus  is  red ;  when  venules  are  in  excess,  it  is  blue ; 
when  lymphatics  are  most  numerous,  it  maybe  light  pink  or  nearly 
colorless;  this  is  a  lymphangioma  (see  page  471).  Some  venous 
nevi  are  encapsuled,  and  simulate  dermoids  and  cystic  tumors.  Many 
encapsulcd  nevi  contain  a  large  proportion  of  fat,  and  are  then  termed 
nevolipomata. 
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Cavernous  Nevl. — ^Thesc  are  in  structure  like  the  vascular  portions 
of  die  corpus  cavernosum  and  corpus  spongiosum,  and  are  made  up  of 
venous  and  arterial  channels  and  sinuses  communicating  with  neighbor- 
ing arteries  and  veins.  A  cavernous  nevus  sometimes  arises  from  the 
transfonnation  of  a  telangiectasis.  This  species  of  nevus  is  red  or  blue, 
according  to  the  predominance  of  arterial  or  venous  channels. 

Cavernous  nevi.  like  simple  ones,  as  a  rule,  are  either  congenital  or 
appear  in  early  infancy.  Many  nevi  disappear;  others  when  first  seen 
arc  small  and  inconspicuous,  then  rapidly  grow,  and  in  a  few  months 
form  conspicuous  tumors.  Cavernous  nevi  have  the  same  distribution 
as  the  simple  species.  Cavernous  nevi,  like  the  telangiectactic  variety, 
have  been  met  with  in  the  subperitoneal  tissue,  and  especially  in  con- 
nection with  the  serous  surface  of  the  liver.  The  central  parts  of  a 
large  cavernous  nevus  sometimes  degenerate  and  are  occupied  by  loculi 
filled  with  lymph. 

Plexiform  Angioma. — This  species  consists  of  a  number  of  blood- 
vessels arranged  more  or  less  parallel  with  each  other.  Many  pursue  a 
tortuous  course.  In  some  tumors  arteries  alone  are  present,  in  others 
there  are  veins  and  arteries.  Plexiform  angiomata  arc  rare  :  ihey  occur 
most  commonly  on  the  scrilp  and  upper  hmb.  Plexiform  angiomata 
have  a  physiological  prototype  in  the  retia  mirabilia.  which  occur 
naturally  in  the  intercostal  spaces  of  whales,  the  tails  of  ant-eaters,  and 
the  forearms  of  the  sloth  and  some  species  of  lemurs. 

Lytnphangiomata. — The.se  tumors  are  composed  of  an  abnormal 
formation  of  lymphatics.  A  lymphangioma  has  the  same  relation  to 
lymphatics  that  an  angioma  bears  to  blood-vessels. 

The  genus  contains  three  species — lymphatic  nevus ;  cavernous 
lymphani^ioma;  lymphatic  cysts. 

Lymphatic  Nevus.— These  are,  as  a  rule,  colorless,  but  when  a  few 
hemic  capillaries  are  present,  they  possess  a  light  pink  tint  and  are 
slightly  raised  above  the  surrounding  skin.  When  arising  on  the  skin, 
they  rarely  exceed  2  cm.  (J  inch)  in  diameter.  The  most  striking 
example  of  lymphangioma  occurs  in  the  mucous  membrane  of  the 
tongue,  and  may  cause  such  enlargement  of  this  organ  that  it  protrudes 
from  the  mouth.     Tiie  c.nuUtion  is  clinically  known  as  macroglossia. 

Cavernous  lymphangioma  resembles  in  structure  a  cavernous 
angioma,  except  that  the  spaces  are  filled  with  lymph  instead  of  blood. 
They  are  rare  tumors. 

Lymphatic  cysts  appear  as  congenital  cysts  in  the  neck,  axilla,  and 
adjacent  part  of  the  thoracic  wall.  Those  which  arise  in  the  posterior 
triangle  are  sometimes  termed  "  hydrocele  of  the  neck."  Lymphatic 
c\-sts  are  easily  recognizable ;  they  are  always  noticed  at  or  immediately 
after  birth,  and  are  sometimes  of  very  large  size  (Fig.  196!.  The  walls 
of  such  a  cyst  are  very  thin,  and  the  tumor  is  often  translucent  like  a 
hydrocele  of  the  tunica  vaginalis  testis.  The  cysts  occur,  as  a  rule,  on 
one  side,  though  sometimes  they  are  bilateral.  I-lach  may  contain  a 
single  chamber  or  be  made  up  of  a  number  of  intercommunicating 
loculi  filled  with  lymph.  Some  of  ihem  resemble  the  large  subcu- 
taneous lymph-spaces  of  frogs. 

It  is  a  remarkable  fact  that  many  of  these  cysts  shrivel  and  disap- 
pear.    They  are  exceptionally  liable  to  inflame,  and  several  cases  have 
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been  recorded  in  which  they  have  been  burst  by  the  patient  falUng 
upon  them.  Their  pronencss  to  spontaneous  cure  explains  their  rarity 
after  puberty.  The  spontaneous  uffacement  of  these  cysts  is  preceded 
by  a  sudden  increase  in  their  size ;  they  become  hot,  tender,  and 
inflame;  as  these  signs  subside,  the  cyst  slowly  disappears. 


Fig.  196. — Lymphatic  Cf  >l  in  Ihe  Deck  of  an  in&nt. 


Mjomata. — ^These  are  composed  of  unstriped  muscle-fiber.  The 
genus  contains  one  species — myoma. 

Myomata  arise  in  organs  containing  unstriped  muscle-tissue,  such  as 
the  uterus,  bladder,  esoph^us.  stomach,  and  intestine.  They  have  been 
found  in  the  dartoid  tissue  of  the  scrotum.  Occasionally  they  arise  in 
the  mcsometrium,  Fallopian  tube,  ov-ary.  and  ovarian  ligamenL 

The  most  characteristic  myomata  arise  in  the  uterus  as  encapsuled 
tumors :  even  when  pedunculated  they  possess  a  distinct  capsule.  The 
muscle-cells  are  fusiform  in  shai»e  and  possess  a  rod-hke  nucleus;  the 
bundles  of  fibers  are  often  inter\vo\-en  and  produce  characteristic 
whorls.  Uterine  myomata  arise  during  the  sexual  period  of  hfc,  and 
are  most  frequent  between  the  thirtieth  and  forty-fifth  years.  They  are 
rarely  single,  and  100  may  sometimes  be  counted  in  one  uterus.  They 
var^'  greatly  in  the  rate  of  growth  ;  those  which  gro«'  slowly  are,  as  a 
ruif,  ver)'  hard,  and  contain  much  fibrous  tissue.  Soft  myomata  grow 
rapidly,  are  very  vascular,  and  sometimes  weigh  as  much  as  30  or  even 
50  pounds.  Vascular,  soft,  and  rapidly  growing  specimens  often  fur- 
nish a  loud  systolic  murmur.  They  are  liable  to  secondary  changes: 
thus,  hard  myomata  calcify,  softer  specimens  undergo  myxomatous 
degeneration,  and  large  tracts  of  ti.^sue  assume  the  consistency  of 
honey;  fatty  changes  are  nire.  and  lardaceous  degeneration  still  rarer. 
When  the  tumors  are  extruded  into  the  vagina,  they  are  liable  to 
become  infected,  and  then  they  inflame  and  become  gangrenous. 
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A  myoma  of  the  uterus  may  endanger  life  by  frequent  hemorrhage, 
by  pressure  on  the  urethra  and  ureters,  inducing  renal  disturbance, 
especially  when  it  grows  from  the  cervix,  and  by  sepsis  when  an  intra- 
uterine polypus  becomes  infected  {Fig.  197).     A  myoma  impacted  on 


F[U.  197. — Mjromata  of  the  body  t>t  the  uterus.    The  capsule  of  one  has  been  opened  by 

ulceration. 


RADIUS 


the  pelvis  may  cause  fatal  intestinal  obstruction,  and  a  pedunculated 
subserous  tumor  may  entangle  a  loop  of  bowel.  When  pregnancy 
occurs  in  association  with  myomata,  the  complication  seriously  inter- 
feres with  the  growth  and  life  of  the  fetus,  and  often  gravely  imperils 
the  life  of  the  mother. 

A  cervix  myoma  particularly  menaces  life,  as  it  rarely  gives  rise  to 
symptoms  until  it  has  occupied  the  available  space  in  the  true  pelvis. 
It  then  compresses  the  urethra  and  leads  to  retention  of  urine. 
Myomata  of  the  cervix  are  ovoid  in  shape  and  furnish  a  characteristic 
elliptical  section. 

A  myoma  growing  from  the  intestinal  wall  and  projecting  into  the 
gut  may  lead  to  intussuscep- 
tion, and  a  small  myoma  pro- 
jecting into  the  uterine  cavity 
sometimes  leads  to  inversion. 

Myelomata. — These  tu- 
mors, formerly  called  myeloid 
sarcomata,  are  composed  of 
tissue  identical  with  the  red 
marrow  of  young  bone.  The 
genus  contains  a  single  spe- 
cies— myeloma.  The  cut  sur- 
face of  the  tumor  is  deep  red. 
not  unlike  a  piece  of  liver,  and 
is  very  vascular.  Microscop- 
ically, a  myeloma  abounds  in 
multinuciear  celts  embedded 
in    round    or    .spindle    cells. 

The  giant  cells  are  so  numerous  as  to  con'?titute  the  greater  proportion 
of  the  tumor.  These  tumors  occur  most  frequently  at  the  ends  of  long 
bones ;  the  upper  end  of  the  tibia  and  the  lower  end  of  the  radius  (Fig. 


KM!.  Tg8. — Myeloma   of  the    lower   *?nd   of    Ihu 
radius  (Museum  uf  St.  Thomas's  Hospital.  London). 
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198)  are  the  common  situations.  In  the  cranial  bones  they  are  confined 
to  the  maxilla  and  mandible. 

The  patients  are  younj^,  rarely  above  twenty-five  years.  The  tumor 
grows  slowly,  expands  the  bone  equally,  and  thins  the  osseous  capsule, 
while  expanding  it,  until  the  bony  shell  is  so  thin  as  to  crepitate  when 
pressed  by  the  finger.  Here  and  there  the  marrow-tissue  perforates  the 
capsule,  and  markedly  pulsates  .synchronously  with  the  cardiac  systole. 

Myeiomata  do  not  infect  lymph-glands  and  do  not  disseminate;  if 
the  patients  come  under  observation  before  the  tumor  has  perforated 
its  capsule,  it  may  be  thoroughly  extirpated  without  fear  of  recurrence. 
The  manner  of  effecting  "  thorough  extirpation  "  varies  with  the  situa- 
tion of  the  tumor. 

Sarcomata. — These  tumors  are  composed  of  tissues  resembling 
immature  connective  tissue,  in  which  cells  preponderate  over  the  inter- 
cellular substance.  The  genus  contains  five  species,  which  are  deter- 
mined according  to  the  shape  and  disposition  of  the  cells — round-celled 
sarcoma;  lymphosarcoma;  spindle-celled  sarcoma ;  alveolar  sarcoma; 
melanosarcoma. 

Round -eel  led  Sarcoma — In  this  species  the  cells  are  round,  and 
there  is  very  little  intercellular  substance.  Each  cell  has  a  large,  round. 
vesicular  nucleus  and  a  small  proportion  of  protoplasm.  Blood-vessels 
are  very  abundant;  lymphatics  absent.  These  tumors  infiltrate,  dis- 
seminate, and  recur  after  removal.  Round-celled  .sarcomata  are  the 
most  generalized  and  the  most  deadly  tumors  which  affect  mankind. 
They  occur  in  any  organ— bone,  brain,  muscle,  .spinal  cord,  ovary, 
testis,  and  even  in  the  dehcate  ti.ssues  of  the  eye.  They  occur  at  any 
age.  from  the  fetus  in  the  uterus  up  to  the  extreme  age-limit  of  human 
life.  There  i.s  abundant  reason  for  the  belief  that  many  supposed 
examples  of  round-celled  sarcoma  are  really  granulomata.  especially 
large  syphilitic  gunimata. 

Lymphosarcoma. — In  this  species  the  tumor-tissue  resembles  that  of 
a  lymphatic  gland.  These  tumors  must  not  be  confounded  with  simple 
enlargement  of  a  lymph-gland,  or  the  general  increase  of  lymphadenoid 
tissue  associated  with  leukemia  or  lymphadenoma  (Hodgkin's  disease). 

Lymphosarcoma  not  only  possesses  a  definite  structure,  but  occurs 
in  definite  situations,  such  as  the  superior  mediastinum,  the  subpleural 
and  subperitoneal  tissues,  the  base  of  the  tongue,  the  larynx,  the  ton- 
sils, and  the  testes.  Like  the  small  round-celled  sarcomati,  they  are 
infiltrating  and  deadly  tumors,  but  they  have  a  more  limited  age-dis- 
tribution, occuring  most  frequently  in  young  adults, 

Spindle-c«lled  Sarcomata. — In  this  species  the  cells,  though  they 
vary  greatly  in  size,  agree  in  the  circumstance  that  they  are  oat-shaped 
or  fusiform.  The  cells  have  a  tendency  to  run  in  bundles,  which  take 
different  directions,  so  that  in  sections  of  the  tumor  seen  under  the 
microscope  some  cells  will  be  cut  in  the  direction  of  their  length  and 
others  at  right  angles.  In  some  tumors  the  cells  are  so  thin  and 
slender  and  contain  so  httle  protoplasm  that  they  seem  to  consist  only 
of  a  nucleus  and  cell-processes.  It  is  difficult  to  distinguish  such 
tissue  from  moderately  firm  fibrous  tissue.  In  other  specimens  the 
cells  are  large,  beautii^ully  fusiform,  and  rich  in  protoplasm;  some  of 
these  cells  are  transversely  striated  like  voluntary  muscle-fiber  (Fig.  199). 
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Spindle-celled  sarcomata  often  contain  tracts  of  immature  hyaline 
cartilage,  fibrous  tissue,  and  spicules  of  bone.  Multinuclear  (giant) 
cells  are  usually  present.  When  particular  tissues  are  abundant  in 
spindle-celled  tumors,  they  sometimes  receive  distinguishing  names, 
such  as  chondrosarcoma,  fibrosarcoma,  myosarcoma,  etc. 

Spindle-celled  sarcomata  arise  especially  in  periosteum  and  secret- 
ing glands,  such  as  the  ovary,  testis,  parotid,  kidney,  and  the  mamma. 

Alveolar  Sarcoma. — This  species  differs  in  an  important  manner 
from  sarcomata  in  general,  for  the  cells  assume  an  alveolar  disposition, 
and  on  section  resemble  the  cardnomata.  There  is,  however,  this 
great  difference — they  do  not  originate  in,  or  reproduce,  the  structure 
of  secreting  glands.  This  species  illustrates  very  well  the  way  in 
which  the  structure  of  tumors  depends  on  the  tissue  in  which  they 


nc  199. — Celli  Iniin  a  spindle-celled  sarcoma  oF  the  neck  of  the  utcnu.    Some  of  the  celli 
proent  a  crou  atriation  (Pemtce). 

Alveolar  sarcomata  originate  almost  exclusively  in  the  skin,  and 
cially  in  relation  with  those  congenital  defects  known  as  hairj-  and 
pigmented  moles.  The  tissue  forming  the  base  of  moles  has  the  pecu- 
liar alveolar  disposition  which  serves  as  the  histologic  type  of  this 
species  of  sarcoma. 

Melanosarcomata. — This  species  is  distinguished  by  the  presence 
of  black  pigment  (melanin)  in  the  cells  and  intracellular  substance. 
The  cells  composing  melanosarcoma  may  be  round  or  spindle-shaped; 
in  m-iny  they  arc  collected  in  alveoli. 

The  amount  of  pigment  varies.  In  some  merely  a  brown  discolor- 
ation is  produced;  in  others  the  tumor  is  of  a  deep  sepia  color.  It  is 
also  a  curious  fact  that  the  primarj'  tumor  may  contain  very  tittle  pig- 
ment, and  the  secondary  deposits  be  of  a  deep  black  color. 

Melanosarcomata  arise  in  the  skin  and  in  the  uveal  tract  Cutaneous 
melanosarcomata  arise  in  connection  with  pigmented  and  hairy  moles, 
in  the  vulva,  the  anus,  and  the  nail-matrices  of  fingers  and  toes.  As  a 
rule,  they  infect  the  nearest  lymph-glands,  disseminate  very  rapidly. 
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and  recur  very  quickly  if  removed.     In  some  cases  the  tumor  seems 

to  be  mainly  a  source  of  pij^mcnt,  brj^c  quantities  of  which  enter  the 
circulation,  to  be  diacharj^cd  in  the  urine  as  melaiiiii.  Intra-ocular 
melanomata  may  arise  from  any  part  of  the  uveal  tract.  They  are  ten 
times  more  common  in  the  choroid  than  in  the  ciliary  body,  and  are 
excessively  rare  in  the  iris.  Melanomata  of  the  ciliary  body  often 
exhibit  the  structure  of  carcinoma.  Intra-ocular  melanomata  have 
been  observed  as  early  as  the  fifteenth  and  as  late  as  the  eightieth  year; 
the  greater  number  occur  between  fifty  and  sixty.  Death  more  often 
results  from  tiic  secondary  deposits  than  from  the  local  effects  of  the 
primary  tumor. 

The  General  Characters  of  Sarcomata.^  All  the  species  of  this  gen  us 
are  very  vascular,  but  the  circulation  within  the  tumor  is  mainly  capil- 
lary; in  those  which  grow  rapidly  the  vessels  are  so  numerous  as  to 
produce  a  visible  pulsation  and  an  audible  "  hum."  The  force  of  the 
circulation  is  often  sufficient  to  rupture  the  capillar}'  channels  and  con- 
vert the  central  parts  of  the  tumor  into  a  blood-containing  cavity.  This 
intimate  relation  of  sarcomata  to  the  blood-vessels  favors  dissemina- 
tion. On  examining  the  veins  leadinjj  from  the  tumor,  processes  from 
the  sarcoma  will  be  found  e.xtonding  into  their  lumina,  and  minute 
portions,  becoming  dislodged,  arc  conveyed  to  the  right  side  of  the 
heart,  and  on  entering  the  pulmonary  circulation  they  are  arrested  in 
the  lung-tissue,  and  engraft  themselves  to  form  secondary  deposits. 
When  the  primary  tumor  occurs  in  the  vicinity  of  the  portal  circula- 
tion, the  secondary  nodules  will  be  most  abundant  in  the  liver.  Occa- 
sionally a  large  vein  like  the  renal,  iliac,  or  even  the  vena  cava  will  be 
blocked  by  sarcomatous  outrunners,  and  fragments  become  detached 
of  a  size  sufficient  to  block  the  pulmonary  artery,  or  even  the  right 
auriculoventricular  orifice.  Secondarj' nodules  occur  in  other  situations 
than  the  lungs  and  liver,  for  in  .some  of  the  round-celled  tumors 
nodules  amounting  to  many  hundred  may  appear  in  almost  every 
organ  of  the  body. 

The  facility  with  which  sarcomata  gain  entrance  to  veins  is  due  to 
their  extraordinary  infiltrating  properties.  In  .some  instances,  and  in 
the  eariy  stages  of  many,  sarcomata  arc  encapsulcd.  but  the  majority 
lack  a  capsule  and  grow  in  every  direction.  Thus,  a  sarcoma  of  a 
bone  will  send  outrunners  along  the  Haversian  canals ;  in  the  skull, 
portions  will  creep  into  the  foramina  and  recesses;  a  sarcoma  of  a 
voluntary  muscle  will  invade  its  constituent  bundles  and  even  separate 
its  ultimate  fasciculi.  Yet  this  infiltrating  tendency  is  easily  restrained 
in  the  early  stages.  For  instance,  a  sarcoma  of  muscle  is  easily  retained 
within  the  sheath,  and  a  sarcoma  of  the  spermatic  cord  will  quickly 
occupy  the  cord  and  become  moulded  by  its  outer  tunics  (Fig.  200), 
This  is  also  true   of  subperiosteal   sarcomata. 

Sarcomata  are  devoid  of  lymphatics;  hence  the  adjacent  lymph- 
glands  are  not,  as  a  rule,  infected.  Should  the  sarcoma  implicate  the 
overlying  skin  or  mucous  membrane  and  ulcerate,  then  the  lymph- 
glands  will  enlarge. 

Sarcomata  are  very  liable  to  degenerative  changes.  It  has  already 
been  mentioned  that  extravasations  of  blood  will  produce  spurious 
cysts,  and  a  like  effect  follows  necrosis  of  considerable  portions  of  the 
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tumor.  Myxomatous  change  will  often  cause  liquefaction  and  form  a 
cavity  in  a  large  tumor,  big  enough  to  accommodate  the  fist.  Calci- 
fication and  ossification  are  frequent  changes  in  sarcomata  growing 
from  periosteum,  and  produce  abundant  arborescent  processes  and 
spicules  (Fig.  201).  VVhcn  the  sarcoma  arises  in  the  central  parts 
of  a  long  bone  and  grows  slowly,  it  will  expand  the  surrounding  osse- 
ous tissue  (Fig.  202). 

In  slow-growing  sarcomata  of  the  spindle-celled  species  tracts  of 


Fig.   sod— Ruiinil-crllcd    s.ir- 
conut  of  llic  iprrmntic  coril. 


FlC  301. — Shclrinn  e-il  II  prriattpnl  urcoma  of  the  scapula 
fMu*iciifri  of  S(,  'rhomxi^'t  Hfupiliil.  [ .nndortt. 


hyaline  cartilage  are  often  found.     Such  are  sometimes  called  ckatiiiro- 
iarcomata. 

Distribution. — Sarcomata  arise  from  connective  tissue,  and  although 
this  tissue  occurs  in  every  part  of  the  body,  they  arc  far  commoner  in 
some  situations  than  in  others.  Thus  they  are  frequent  in  subcutane- 
ous tissue,  fascia,  intermuscular  septa,  and  the  periosteum.  Tliey  are 
.rare  as  primary  tumors  of  muscle-tissue,  striped  or  unstriped.  Even 
'when  hollow  muscles,  like  the  bladder,  intestine,  and  uterus,  are  the 
scat  of  sarcomata,  they  originate  in  the  mucous  membrane;  and,  most 
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Striking  of  all,  a  sarcoma  of  the  heart  is  unknown.  Even  the  delicate 
connective  tissue  of  the  retina,  the  uveal  tract,  the  neuroglia  of  the 
brain  and  spinal  cord,  and  the  sheaths  of  the  nerves  are  attacked  by 
these  deadly  tumors. 

In  considering  the  distribution  of  sarcomata,  it  is  necessary  to  make 

special  mention  of  their  occur- 
rence in  secreting  glands.  All 
compound  glands,  such  as  the 
kidney,  testis,  parotid,  pros- 
tate, mamma,  etc.,  contain  a 
fair  amount  of  connective  tis- 
sue, and  it  would  naturally 
come  about  that  a  sarcoma 
arising  in  this  tissue  would 
tend  to  entangle  the  gland- 
acini  in  its  substance.  Thus, 
in  the  kidney  uriniferous  tub- 
ules would  be  expected.  Fol- 
licles occur  in  an  ovarian 
sarcoma,  and  galactophorous 
ducts  and  glands  in  a  mam- 
mary sarcoma.  These  are  often 
termed  adenosarcomata,  a  term 
apt  to  mislead. 

A  very  striking  fact  in  con- 
nection with  sarcomata  arising 
in  secreting  glands  is  the  fre- 
quent occurrence  of  hyaline 
cartilage,  and  in  some — e,  g., 
the  kidney  and  testis — striped 
muscle-fiber.  When  striped 
spindle-cells  are  present,  the 
tumor  is  sometimes  called  a 
myosarcoma. 

It  is  a  fact  of  considerable 
interest  that  sarcomata  are 
especially  rare  in  the  liver,  the 
thyroid,  pancreas,  and  lungs  ; 
and,  as  showing  that  their 
structure  is  modified  by  the 
nature  of  the  connective  tis- 
sue in  which  they  arise,  refer- 
ence need  only  be  made  to 
those  originating  in  the  retina, 
to  alveolar  sarcoma  of  pig- 
mented moles,  and  sarcoma 
(deciduoma)  arising  in  a  gravid 
or  recently  gravid  uterus.  Age 
modifies  the  liability  to.  as  well 
as  the  structure  of,  sarcomata  in  some  glands.  Thus,  retinal  sarcomata 
are  common  in  infants,  bilateral  in  nearly  half  the  cases,  and  are  unknown 


Fig.  9oa. — Shaft  of  a  tibia  eimanded  by  a  central 
tumor  (Museum  of  the  Royal  Colle^  of  Surgeons, 
London), 
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after  twelve  years  of  age.  Intra-ocular  melanomata  are  unknown  before 
puberty,  and  are  unilateral.  Sarcomata  of  the  ovaries  are  more  common 
before  puberty  than  in  later  life,  and  are  often  bilateral;  in  adults  they 
are  usually  unilateral. 

Adrenal  Tumors  {^Suprarenal  Capsule). — The  species  of  this  genus 
are  very  remarkable  tumors,  and  until  our  knowledge  of  them  is  more 


Fig.  303. — Sarcoma  of  Ihe  kidue)  of  an  infani.  arising  from  the  connective  tissue  in  the 

renal  sinu^. 


extensive  and  precise,  it  will  be  judicious  to  let  them  rank  among  the 
sarcomata. 

Tumors  ari.sing  in  and  reproducing  the  peculiar  structure  of  the 
adrenal  have  been  many  times  recorded.  Tumor-like  bilateral  enlarge- 
ment of  the  adrenals  has  been  observed  in  children,  whereas  in  adults 
the  enlargement  aflects  one  adrenal,  and  may  attain  the  dimensions  of 
a  melon.  In  some  instances  there  have  been  secondary  deposits  in  the 
viscera,  especially  the  liver.  It  is  a  remarkable  fact  that  tumors  some- 
times of  large  size  and  histologically  identical  with  the  zona  fasciculata 
arise  in  accessory  adrenals.  Thc^e  bodies  are  fairly  frequent ;  they 
occur  in  the  capsule  of  the  liver  and  between  the  layers  of  its  falciform 
ligament;  also  beneath  the  capsule  of  the  kidney  (Fig.  303),  and  in 
the  course  of  the  spermatic  artery.  Less  frequently  they  have  been 
detected  in  the  anterior  layer  of  the  mesometrium  of  the  fetus  at  term 
and  in  early  infancy. 

Tumors  supposed  to  ari.se  in  accessory  adrenals  situated  in  the 
kidney  are  very  important.  They  occur  as  encapsuled  masses  in  the 
cortex,  and  rarely  communicate  with  the  renal  pelvis ;  hence,  hema- 
turia is  not  so  constant  iis  in  sarcomata  springing  from  the  connective 
tissue  in  the  sinus  of  the  kidney.  A  striking  feature  of  these  tumors 
is  their  delicate  structure  and  the  frequency  with  which  blood-extrava- 
sations take  place  in  them,  whereby  the  central  parts  are  often  trans- 
formed into  cyst-like  spaces  filled  with  blood-coagulum  (Fig.  204). 
This  liability  to  hemorrhage  is  also  a  common  feature  of  these  tumors 
when  arising  in  the  adrenal  itself     The  majority  of  the  specimens  on 
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record  were  observed  in  men  and  women  between  the  fortieth  and 

fifty-fifth  years  of  life.     Tumors  of  the  adrenals  and  tumors  that  arise 
in  accessory  adrenals  simulate  each  other  during  life  so  closely  that  it 


Fig.  304.— Adrenal  tumor  of  Ihe  kidney.    This  tumor  in  slruoture  resembled  Ihe  adrenal 
Hi  Ihe  Ihird  monlh  of  intra -ulurine  hfe. 

is  as  yet  impo.ssible  to  <lifferentiate  them  by  clinical  methods  or  to  dis- 
tinguish them  from  other  species  of  renal  tumor.'i, 

n.  EPITHELIAL  TUMORS. 

In  this  group  of  tumors  the  presence  of  epithelium  and  its  mode 
of  distribution  are  the  essential  and  disting^uishing  features.  In  the 
bodies  of  animals  epithelium  is  disposed  in  various  ways  and  serves 
various  functions.  In  many  situations  where  it  is  protective  it  is 
arranged  in  layers  (stratified) ;  in  others  it  is  modified  to  form  hair, 
feather,  bri.stles,  nail,  or  horn ;  in  others  it  di])s  into  the  underlying 
tissues  to  form  secreting  organs  (gland.s),  some  of  which  are  very 
simple,  as  in  the  intestine,  or  exceedingly  complex,  as  in  the  liver. 
kidney,  or  testis.  Whether  a  gland  is  simple  or  complex,  the  principle 
of  construction  is  identical — namely,  narrow  channels  lined  with  epi- 
thelium resting  upon  a  connective-tissue  base,  in  which  blood-vessels, 
lymphatics,  and  nerves  ramify.  The  recesses  of  glands  communicate, 
either  directly  or  by  means  of  a  duct,  with  a  free  surface.     To  this  rule 
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there  are  three  exceptions — the  thyroid  gland,  the  pituitary  body,  and 
the  ovary. 

The  variations  in  the  disposition  of  epithchiim  enable  epithelial 
tumors  to  be  arranged  in  four  genera:  PapiUoma ;  epithelioma; 
adenoma;  carcinoma. 

Papillotua  {Warts). — A  wart  consists  of  an  axis  of  fibrous  tissue 
containing  blood-vessels,  surmounted  by  epithelium.  It  may  be  simple, 
or  covered  with  secondary  processes  and  resemble  a  mulberry. 

This  genus  contains  four  species:  1.  Warts  ;  2.  Villous  papillomata; 
3.  Intracystic  warts;   4.  Psanimomata. 

Warts. — These  occur  in  the  skin,  singly  or  in  multitudes.  They 
are  rarely  painful,  unless  irritated.  In  adults  they  are  common  on  the 
glans  penis  and  prepuce,  and  on  the  vulva  and  surrounding  skin,  as  the 
result  of  irritating  urethral,  preputial,  and  vaginal  discharges.  Warts 
arise  on  the  laryngeal  mucous  membrane,  especially  of  children.  Large 
solitary  warts  often  contain  pigment,  and  later  in  life  are  liable  to  be 
the  starting  point  of  a  ineianoma.  The  thick  layers  of  epithelium  on 
large  warts  sometimes  decompose  (ulcerate)  and  become  horribly 
offensive.  Occasionally  the  surface-cells  become  keratinized  and  form 
horn.  Epithelioma  sometimes  arises  at  the  base  of  a  large  solitary 
wart,  especially  if  the  wart  has  been  irritated. 

The  crops  of  warts  which  occur  on  the  hands  of  children  never 
lead  to  serious  consequences,  and,  as  a  rule,  disappear  spontaneously, 
sometimes  ,is  if  by  magic. 

Villous  Papillomata. — This  .species  consists  of  feather-like  tufts 
resembling  chorionic  villi.  Each  villus  consists  of  a  delicate  axis  of 
connective  tissue,  containing  delicate  loops  of  blood-vessels  and  sur- 
mounted by  epithelium.  The  villi  may  be  simple  or  compound.  Thus, 
in  structure  they  resemble  chorionic  villi. 

The  villous  papilloma  grows  from  the  mucous  membrane  of  the 
bladder,  and  occasionally  from  the  pelvis  of  the  kidney.  Cases  are 
kno\vn  in  which  villous  papillomata  of  the  renal  pelvis  have  been  asso- 
ciated with  villous  tufts  in  the  bladder,  around  the  orifices  of  the  ureters, 
probably  due  to  the  grafting  of  epithelium  derived  from  the  villi  in  the 
kidney  or  the  vesical  mucous  membrane.  An  interesting  variety  of 
villous  papilloma  arises  from  the  choroid  ple.xuses  of  the  cerebral  ven- 
tricles ;  when  large  and  situated  in  the  fourth  ventricle,  they  have  pro- 
duced death  from  pressure.  Villous  papillomata  of  the  choroid  plex- 
uses rarely  attain  a  large  si7C  without  undergoing  calcification  {.sec 
Piammoma).  Renal  and  ve.-iical  villous  papillomata  give  rise  to  oft- 
recurring  bleeding,  and  sometimes  cause  death. 

Intracystic  Papillomata — Warts  may  arise  from  any  epithelial 
surface,  and  as  all  true  cysts  arc  lined  with  epithelium,  they  are  liable 
to  warts,  Intracystic  warts  occur  in  the  following  situations — in  cysts 
of  the  mammary  glands ;  cysts  of  the  paroophoron,  parovarium,  and 
Gartner's  duct;  and  cysts  arising  in  accessory  thyroid  glands. 

It  should  be  remembered  that  many  intracystic  growths  are  struct- 
urally adenomata,  and  in  the  case  of  manimar>'  cysts  it  is  difficult 
to  decide  the  nature  of  the  intracystic  process  without  the  aid  of  the 
microscope. 

The  example  represented  in  Fig.  205  shows  a  cyst  formed  by  the 
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dilatation  of  a  galactophorous  sinus,  and  in  this  instance  the  knob-like 
process  is  composed  of  villi.  In  such  a  case  it  is  easy  to  trace  the 
duct  belonging  to  the  sinus  into  the  cyst,  and  it  is  often  possible  during 

life  to  squeeze  fluid  from  tiie 
cyst  and  make  it  appear  at  the 
nipple.  In  some  cases  the 
patients  are  much  inconveni- 
enced by  the  involuntary  es- 
cape of  blood-stained  fluid  from 
the  nipple,  often  in  quantity 
sufficient  to  soak  their  linen. 
Psammomata. — These  tu- 
mors are  composed  of  globular 
bodies  consisting  of  epithelium 
arranged  in  layers,  usually  cal- 
cified and  embedded  in  connec- 
tive tissue.  The  amount  of 
calcareous  matter  they  contain 
is  verj'  variable ;  sometimes 
they  are  of  stony  hardness. 
Psammomata  occur  exclusively 
in  connection  with  the  pia  mater 
of  the  brain  and  spinal  cord. 
They  are  particularly  liable  to 
grow  from  the  choroid  plexuses 
of  the  ventricles.  A  very  fav- 
orite situation  is  the  tufts  of 
vilh  which  protrude  from  the 
lateral  recesses  of  the  fourth 
ventricle.  Psammomata  aris- 
ing from  the  choroid  plexuses  of  the  lateral  and  the  fourth  ventricle 
are  often  bilateral.  In  the  latter  situation  they  exert  injurious  pressure 
on  the  facial,  trigeminal,  and  auditory  nerves. 

A  psammoma  an'.sing  in  connection  with  the  spinal  membranes  leads 
to  far  more  serious  results  than  a  tumor  of  the  same  size  arising  in  the 
lateral  ventricles.  It  is  a  curious  fact  that  there  is  singular  uniformity 
in  the  size  and  shape  of  psammomata  observed  in  the  spinal  canal. 
They  lead  to  slow,  progressive  paralysis  and  death. 

Horns. — There  are  four  varieties  of  these  curious  structures — seba- 
ceous horns;  wart  horns;  cicatrix  horns;  nail  horns. 

Sfhncfous  horns  may  arise  in  any  situation  where  sebaceous  glands 
exist.  They  are  fonned  from  the  epithelium  of  the  gland,  and  some- 
times attain  a  length  of  many  centimeters.  The  horns  are  tough  and 
present  a  longitudinal  fibrillation;  when  soaked  in  a  weak  solution  of 
liquor  potass^,  the  tissue  softens  and  falls  away  in  flakes. 

Wart  lionis  are  identical  in  appearance  with  sebaceous  horns,  and 
the  only  means  of  deciding  between  them  is  to  split  the  horns  longi- 
tudinally and  ascertain  whether  the  base  is  occupied  by  a  wart  or  a 
sebaceous  cyst. 

Sfbac-oiis  horns  are  common  on  the  scalp,  and  wart  horns  are  most 
frequent  on  the  glans  penis  near  the  corona. 


Fig.  305. — Warls  in  b  cysl  foraiEd  by  a  dilaled 
galacluphorous  sinus. 
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Cicatrix  horns  are  rare ;  they  occur  chiefly  in  the  scar  left  by  bums. 
Homs  of  this  kind  are  usually  laminated  tike  pie-crust. 

Nail  liorns  are  simply  the  greatly  elongated  and  thickened  nails 
found  especially  on  the  big  toes  of  bed-ridden  and  dirty  patients.  These 
nails  sometimes  attain  the  length  of  7  cm.  (2.73  in.),  and  resemble 
miniature  ram's  homs. 

epithelioma. — This  genus  always  arises  in  the  stratified  epithelium 
of  skin  or  mucous  membrane.  It  is  characterized  by  cone-shaped 
ingrowths  of  epitheUum  which  invade  the  subjacent  tissue. 

The  genus  consists  of  one  species — epithelioma — which  may  arise  on 
any  surface  covered  with  stratified  epithelium,  but  i-s  more  common  in 
regions  where  there  is  a  transition  from  one  kind  of  epithelium  to 
another,  and  especially  where  skin  and  mucous  membrane  come  in  rela- 
tion to  each  other — e.  g.,  the  anus,  the  vulva,  and  the  lip.  Other  com- 
mon situations  are  the  tongue,  the  gums,  and  the  mucous  membrane  of 
the  cheek.  It  sometimes  occurs  at  the  edges  of  cicatrices  and  chronic 
ulcers.  Many  examples  have  been  reported  in  which  it  has  attacked 
the  base  of  an  old  wart  or  a  wart  horn. 

An  epithelioma  may  make  its  appearance  as  a  wart-like  growth, 
more  frequently  a  small  circular  ulcer  with  raised  rampart-likc  edges,  or 
as  a  fissure.  Epithelioma  is  particularly  apt  to  arise  on  the  scrotum  of 
chimney-sweeps. 

Although  the  three  clinical  varieties  of  epithelioma  look  so  different, 
they  are  identical  in  structure.  When  sections  are  cut  .so  as  to  include 
the  margin  of  the  ulcer  and  underlying  tissue,  the  surface-epithelium 
will  be  seen  invading  it  in  the  form  of  long,  simple  or  ramified  columns. 
Weichselbaum  has  pointed  out  that  the  cells  composing  the  columns 
retain  more  or  less  the  characters  of  the  epithelium  from  which  they 
originate.  When  the  cones  grow  rapidly,  the 
cells  become  flattened,  and  some  finally  cornify 
(Fig.  206).  In  this  way  the  so-called  epithe- 
lial pearls  or  nests  are  produced.  When  lat- 
eral pressure  is  made  on  a  fresh  epithelioma, 
whitish  plugs  are  forced  out ;  these  plugs  are 
the  cellular  cones. 

The  primary  ulcers,  when  left  to  them- 
selves, may  extend  and  involve  extensive 
tracts  of  tissue,  or  fungate  and  form  large 
granulating,  cauliflower-like  masses.  In  both 
conditions  the  superficial  parts  are  continually 
cast  off  in  a  foul,  fetid  discharge  containing 
sloughs,  cellular  detritus,  pus,  and  blood,  ___ 

Vascular  tissues  involved  in  the  epithelioma  j.,^  ^_ArranK™«m  of  ih.= 
are  quickly  mfiltratcd  and   de.stroyed;   even  cells  in  epiiiieiionia. 

bone  is  rapidly  eroded.  Not  the  !ca,st  remark- 
able feature  of  this  disease  is  the  rapidity  with  which  it  infects  the  adja- 
cent lymph-glands.  The  large  size  which  the  glands  attain  in  some 
instances  is  out  of  all  proportion  to  the  dimensions  of  the  initial  lesion, 
for  an  epithelioma  1  cm.  (0.4  inch)  in  diameter  will  lead  to  the  forma- 
tion of  a  mass  of  enlarged  lymph-glands  as  big  as  a  cocoanut.  The 
gland -complication  of  epithelioma  is  always  a  serious  clement  of  danger. 
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for  in  some  situations  the  enlarged  glands  may  compress  vital  structures, 
such  iis  the  trachea  or  esophagus;  or,  when  they  disintegrate  and 
ulcerate,  larjje  blood-vessels  may  be  opened,  and  fatal  bleeding  ensue. 
Dissemination  is  unusual  in  epithelioma. 

In  whatever  situation  it  arises,  epithelioma  usually  destroys  life 
quickly  from  exhaustion,  bleeding,  pain,  or  the  implication  of  such 
structures  as  the  pleura,  trachea,  esophagus,  urethra,  and  bladder,  or 
even  the  dura  mater,  according  to  the  situation  of  the  initial  lesion. 
Septic  pneumonia  is  a  common  mode  of  death  when  the  mouth,  nasal 
mss;»gcs,  fauces.  larynx,  or  gullet  are  implicated  in  the  ulceration, 
r.\fn  when  freely  removed,  the  disease  is  very  apt  to  recur  locally,  or 
far  more  frequently  in  the  lymph-glands. 

Adenomata. — An  adenoma  is  a  tumor  constructed  on  the  tj-pe  of, 
and  grvnving  in  connection  with,  a  secreting  gland.  The  species  of  this 
genus  ai\;  determined  by  the  glands  in  which  the)-  arise.  The  chief 
sjiccics  of  adenomata  are — mammary,  sebaceous,  thyroid,  pituitary, 
prostatic.  p;iroiid.  hepatic,  renal,  o^^arian.  gastric,  intestinal,  and  uterine. 
In  some  glands,  such  as  Uie  liver,  parotid,  mamma,  and  thyroid,  they 
occur  as  encapsuled  tumors.  In  the  intestine,  especially  the  rectum, 
and  in  the  ccr%'ical  canal  of  the  uterus  they  appear  as  pedunculated 
bodies  (poh-pi).  Often  the  adni  of  an  adenoma  become  distended  u-ith 
pcncrt«l  secretion  and  form  large  Hind-containing  spaces.  Such  some- 
tinics  receive  special  names :  thus,  in  the  mamma  it  would  be  called  a 
cystic  adenoma  or  an  adenocele :  in  the  th>Toid  gland,  a  bronchocele ; 
in  the  ovarj-,  a  multilocular  ox-arian  c\-st. 

In  sue.  adenomata  exhibit  great  variations :  soine  rarely  exceed  the 
dimension  of  a  jiea,  others  may  attain  the  sire  of  a  foot -ball.  In  number 
the>-  var\-  greatly ;  oi*e  only  may  exist,  or  man>-  may  be  piesenL 

The  liability  of  secreting  glands  to  become  the  scat  of  adenootata  is 

I  vcn*  variable :  thus,  llKy  are  excessi\'ely  oomraon  in  tbe  mamtm^  ox-3t>~, 

and  thxTviMl ;  rare  in  the  liver,  kidney,  and  pitwtary  bodt' ;  and.  though 

comnKw  in  the  prostate  and  parotid  glands,  arc  ahnost  adEnovn  in  tbe 

sobmaxiUaiy,  subhi^ual.  lacnmal.  and  pancicatk  glands. 

file  fbllovnng  statements  boM  good  fbr  all  the  species :  Wlien  cotn- 
|ilrtel>'  removed,  there  is  no  lecuncnoe :  tbe>'  do  not  infect  tbe  ne^fa- 
DMing  tissues  or  Kiiqih-glands.  nor  gt^-c  ri^e  to  secondaiy  deposits. 
WIma  an  adencMtna  causes  death,  it  is  in  oomacqooKH  of  nedanica] 
oonpficatHRs  due  to  it^  crtvirowoent.  Thus  a  smd  tmor  of  the 
pituitu>'  bod\'  will  cau^ie  death  from  pressure  on  tbe  brain ;  a  broncho- 
o^  may  ii^urioash'  mutwk-  tbe  tradna :  an  ■'*"J""'  polypns  ocxa- 
SKNuBjr  mfaoes  ntassu90E|itioa ;  and  a  3Mdl  pnsutic  adaaatpoi  will 
aometiaesjnt  into  tbe  vesical  oajboe  oftbeweAnaBdcawse  death  fay 
rani  OMifnciHtions. 

As  a  t«le,  adeMMMla  a>c  t— mi  oT 
H«^itic  amd  proitaaic  aikntwita  oocw  w—mnW 
«f  He.     Cyiiaic  adecwnkata  are  liaUe  10  seocndanr  cSoo^cs  of  sootc 
anMTtanoc:  thoK,  tbe  Aad  ooMained  faoi^sbwinob  lumo 
OM  jKHsin  l3KiHMMi^ani<aid,or  ovaiy  < 
vcs  a  cbdksKbml    nenotniape  MSt  mm<o^|>bmc^  tdbcs 
^fits  «rtbc9e  s^trntk.  and  Re««rAa  «iKK  A«Ml  a  r 
fc«y<>M^bodies,com»09eJqf«itiiib*iaftm.^an 
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in  an  old  man.  The  walls  of  very  old  bronchoceles  are  liable  to  be 
completely  calcified ;  and  calcareous  patches  are  sometimes  found  in  old 
cysts  of  tile  ovary  and  mamma.  A  much  more  important  change  is 
the  formation  of  villi  (papillomala)  and  buds  of  glandular  tissue  on  the 
inner  walls  of  cystic  adenomata.  They  arc  common  in  the  breast  and 
ovary,  and  have  been  observed  in  the  thyroid. 

CarcltlOtnata  {Cauccr). — A  carcinoma,  like  an  adenoma,  is  a 
tumor  arising  in.  and  mimicking  the  structure  of,  a  secreting  gland ;  but 
it  differs  from  an  adenoma  in  the  fact  that  the  structural  mimicry  is 
incomplete.  The  epithelium,  instead  of  exhibiting  the  regular  disposi- 
tion so  constant  in  adenomata,  is,  in  cancers,  collected  in  the  acini  and 
Lducts  in  irregular  clusters,  or  fills  them  so  completely  as  to  give  rise  to 
■'the  appearance,  when  examined  microscopically,  of  .sections  of  epithelial 
columns.     Carcinoniata  are  malignant  tumors. 

The  species  of  carcinomata  depend  upon  the  glands  in  which  they 
arise.  The  chief  are — mammary,  uterine,  thyroid,  prostatic,  renal,  pan- 
creatic, hepatic,  ovarian,  gastric,  and  intestinal.  Rarer  species  arise  in 
specialized  mucous  glands,  such  as  those  of  Cowper,  Bartholin,  and 
Tyson,  the  mucous  glands  of  the  maxillary  sinus  (antrum),  and  the 
latter  bronchi. 

Carcinomata  infiltrate  surrounding  tissues,  and  extend  beyond  the 
gland  in  which  they  originate ;  they  are  very  prone  to  involve  surface- 


t'm.  aoj, — AdcnuiiTB  al  Ihe  endomelrium. 


tusaes,  to  ulcerate,  and  quickly  to  infiltrate  lymph-glands  in  the  neigh- 
borhood. A  marked  feature  of  carcinomata  is  their  tendency  to 
undergo  degenerative  changes  and  necro.sis. 

The  reladonship  between  secreting  glands,  adenoma,  and  carcinoma 
may  be  studied  in  the  uterus.  The  glands  in  the  endometrium  are 
tubuLir  and  lined  with  columnar  epithelium. 

Adcnom.ita  arising  in  the  endometrium  preserve  the  tubular  type  of 
glands  (Fig,  307),  whereas  carcinoma  originating  in  the  same  situation 

,  consists  of  masses  of  these  tubules,  greatly  enlarged  and  stuffed  with 

Icptthclium  (Fig.  208). 
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Cancers  are  exceptionally  liable  to  become  disseminated  and  give 
rise  to  knots  or  nodules  known  as  secondary  deposits,  which  may 
make  their  appearance  in  any  organ  or  tissue  of  the  body,  even  the 
bones.  These  cancerous  deposits  are  due  to  minute  portions  of  the 
primary  tumor  being  transported  by  the  lymph-  and  blood-vessels  as 


Fit;.  soS. — Careinamii  of  the  endomelrium, 

minute  emboli,  which,  when  lodged  in  suitable  situations,  engraft  them- 
selves and  form  nodules  which  in  histologic  characters  reproduce  the 
parent  tumor.  So  exact  is  this  reproduction  that  the  nature  and  situa- 
tion of  the  primary  tumor  may  be  accurately  inferred  from  an  exami- 
nation of  a  secondary  nodule.  The  amount  of  dissemination  varies 
widely.  In  some  cases  the  secondary  knots  may  be  limited  to  the 
liver,  whilst  in  another  and  apparently  identical  case,  in  so  far  as  struct- 
ure is  concerned,  they  occur  in  scores,  deposited  in  almost  every  organ 
of  the  body,  even  in  the  bones. 

Although  every  secreting  gland  is  liable  to  become  the  seat  of 
cancer,  yet  some  are  much  more  prone  to  it  than  others,  The  com- 
monest situations  are  the  female  mamma;  and  the  glands  of  the 
cervical  canal  of  the  uterus.  Cancer  of  the  glands  at  the  pyloric  orifice 
of  the  stomach  and  in  the  colon  and  rectum  is  common  in  both  sexes, 
but  it  is  somewhat  uncommon  in  the  prostate  and  thyroid  'glands. 

In  some  situations  the  relative  frequency  of  carcinoma  and  sarcoma 
has  not  been  determined,  the  two  conditions  being  comprised  under 
the  term  malignant  disease.  Thus,  malignant  tumors  of  the  antrum 
are  generally  classed  as  sarcomata;  but  many  of  the  most  deadly 
tumors  which  occupy  this  cavity  are  carcinomata  arising  in  the  race- 
mose glands  lodged  in  its  mucous  membrane. 

Carcinoma  in  the  restricted  .sense  now  enforced  by  pathologists  is 
unknown  before  puberty;  it  is  rare  before  twenty-five;  the  liability 
increases  with  each  decade  of  life.  These  facts  are  the  reverse  of  those 
observed  in  adenomata. 


EPITHELIAL    TUMORS. 


487 


The  modes  by  which  cancer  kills  varies  with  its  situation  and  the 
nature  of  the  organ  implicated.  Thus,  cancer  of  the  pyloric  glands 
blockades  the  orifice  and  causes  death  by  stanalion  ;  mammary  cancer 
invades  the  pleura  and  gives  rise  to  secondary  deposits  in  lungs, 
liver,  brain,  etc. ;  uterine  cancer  i.s  apt  to  be  fatal  from  bleeding,  from 
uremia  due  to  the  vesical  extremities  of  the  ureters  and  the  bladder 
beinjj  involved  mechanically  in  the  growth,  or  from  the  renal  channels 
becoming  infected  by  septic  micro-organisms  which  flourish  in  the  dis- 
charges and  necrotic  tissue  of  the  cancer;  carcinoma  of  the  colon  will 
cause  death  from  intestinal  obstruction,  septic  peritonitis,  or  actual  per- 
foration; carcinoma  of  the  thyroid  gland  will  lead  to  fatal  dyspnea; 
and  cancer  of  the  antrum  causes  death  by  pneumonia  due  to  the  direct 
inhalation  of  septic  material. 

Adenomata   and    Cardnoinata   of  Sebaceous   Glands. — 

Although  the  preceding  account  of  adenomata  and  carcinoniata  holds 
good  for  glands  in  general,  it  is  necessary  to  consider  separately  the 
diseases  of  sebaceous  glands. 

Sebaceous  Cysts. — In  its  best-known  form  a  sebaceous  gland 
appears  as  an  appendage  to  a  hair-follicle,  the  secretion  of  the  gland 
being  discharged  into  the  follicle.  In  some  situations,  especially  in  the 
skin  of  the  nose  and  check,  the  hair  is  so  delicate  and  the  glands  are 
so  large  that  the  hair  seems  to  be  an  appendage  of  the  gland  ;  in  other 
situations — i<  g.,  the  corona  of  the  penis,  and  the  labium  minus — the 
glands  are  very  large,  but  hair  is  absent.  In  every-  situation  where 
these  glands  exist  (even  in  ovarian  dermoids),  the  walls  of  the  acinus  are 
apt  to  become  thickened  and  the  gland-secretion  (sebum)  retained,  giving 
rise  to  a  definite  rounded  swelling  known  as  a  sebaceous  cyst.  Such 
a  cyst  forms  a  rounded  circumscribed  swelling  lodged  in  the  skin  ;  and 
in  all  situations,  save  the  scalp,  close  scrutiny  will  reveal  a  small  circu- 
lar black  dot  or  dimple,  indicating  the  orifice  of  the  duct.  Sometimes 
the  orifice  is  open,  and  slight  pre.-isure  causes  sebum  to  exude.  These 
cj'sts  may  be  as  small  as  coriander  seed,  and  they  rarely  exceed  the 
dimensions  of  a  tangerine  orange.  Many  may  grow  concurrently  in 
the  same  individual,  especially  in  the  scalp. 

Sebaceous  cysts  have  a  capsule  of  fibrous  tissue  lined  with  stratified 
epithelium.  They  contain  a  pultaceous  matter  consisting  of  shed 
epithelium,  fat,  and  cholesterin  ;  sometimes  the  cyst-contents  consist 
of  pure  sebum  resembling  Chinese  white.  An  arachnid,  the  dfmodex 
fQllkulorum.  is  often  present.  The  capsule  of  a  sebaceous  cyst,  espe- 
cially in  the  scalp,  is  thick  and  laminated  like  an  onion. 

These  cysts  are  liable  to  secondary  changes;  thus,  the  cyst-wall 
may  inflame  and  suppurate,  the  cyst-contents  sometimes  decompose, 
and  occasionally  calcification  occurs.  An  inflamed  cyst  may  burst, 
and  its  wall  become  converted  into  a  large  fungating  mass,  particu- 
larly on  the  scalp  (Fig.  209) ;  this  condition  is  apt  to  be  mistaken  for 
epithelioma,  especially  when  the  a.ssociatcd  lymph-glands  are  en- 
larged. These  cysts  are  not  infrequently  the  source  of  one  variety 
of  cutaneous  horn. 

Sebaceous  Adenomata. — It  has  been  so  customarj'  to  regard  all 

tumors  arising  in  sebaceous  glands  as  simple  cysts  that  it  is  quite  an 

l«XCq>tional  event  for  them  to  be  submitted  to  microscopic  examination. 
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However,  tlii.s  mode  of  investigation  serves  to  show  that  some  of  them 
arc  solid  and  resemble  llic  exuberant  masses  which  form  upon  the  nose, 
and  which  are  often  referred  to  as  "  nasal  lipomata."  They  are  due  to 
overgrowth  of  the  larye  sebaceous  glands  so  abundant  in  the  skin  of 

tiie  nose.  A  careful  micro- 
scopic examination  of  sup- 
posed "fungating  wens"  will 
show  that  many  of  them  are 
ulcerating  sebacnus  adctiomata. 
Sebaceous  Carcinoma  {Ro- 
dent Ulcer). — In  British  writ- 
ings on  Surgery  it  has  been 
customary  for  many  years  to 
describe  under  the  name  of  ro- 
dent ulcer  a  form  of  cancer 
which  exhibits  extraordinary 
cUnical  characters.  In  its  com- 
mon fonii  a  smooth,  rounded 
knob  of  about  the  size  of  a 
split  pea  is  noticed  on  the  skin 
of  the  face,  either  on  the  nose, 
eyelids,  orbital  angles,  or  cheek. 
This  knob  may  remain  for  >-ears 
(seven,  eight,  or  twei*"e)  arid 
cause  no  ii>con\'«n>encc  save 
unsightliness ;  then  without 
ofavSous  reason  it  may  uloerate 
and  destroy  the  siurouKfiog 
skin  aiKl  underipng  tissues.  in\-oh-ing  all  tissues  in  its  tidnin' — skin. 
musdes,  £it.  cartilage.  e>-ebaU,  and  booe — and  pcodudng  honible 
destnictioa  of  the  ivx,  in  some  coses  eves  destro>'tiig  tbe  base  of  the 
skuU  and  menil^es  aitd  exposing  tbe  brun.  To  prodoce  such  terrible 
elfects  the  dbease  requires  sometnncs  &ve.  ten.  or  even  more  ycais. 
In  its  cv^ur^e  it  destn>>-s  e\-eT>-tfatng.  ne\'vr  dcatiises.  and  b  poialess. 
In  recent  years  th«  histology-  of  tbe  early  knobs  wUch  wnk  tbe 
beg— iag  of  the  dbeo^e  has  been  tnt-est^gaKd  with  great  care.  AH 
observers  a^ee  that  the  dJseatse  begins  as  a  sofid  giuath  brncwth  the 
■pyW"*^  If  n  this  stage  Ae  nodule  is  tsastA  and  aeetioas.  arc 
escaaaincd  oncroscofNcalh-,  the  nodule  «iU  be  seen  to  coMsist  of  g^anci- 
duas  Okd  with  c^idKhnn.  tboiieh  vmmJamaA  thqr  tdae  the  ~ 
«f  soKd  Q-hnders.  In  the  tatter  sOges.  shea  ■fcefHwn  is  «  i 
thtff**  MiiNiii^i  I  in  Im  I 

IW  oc^  of  tbe  iiritMl  haob  te 
SDWces:  I.  5<bi>.-tfvMK5  glaads:  X  SawaKghadi;  $.  The 
4.  The  owter  tk>-er  of  dKRKPt-^lMatikef  a  hiir:  $. 
ia  the  coui^  of  the  tk>:xil  fissures;  &  Vesi^cs  «f  the  ■rne  p^A  ^ 
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trunk,  but  never,  so  far  as  I  know,  on  the  limbs.  It  occurs  most  fre- 
quently in  advanced  life,  but  is  not  uncommon  between  thirty  and 
fifty.  It  has  been  recorded  at  the  age  of  twenty,  but  never  before 
puberty  (fifteen  years).  It  is  more  frequent  in  men  than  in  women. 
The  extraordinary  features  which  distinguish  it  from  the  general  spe- 
cies of  carcinomata  and  epithelioma  are  the  following:  1.  It  does  not 
infect  lymph-glands;  2.  It  does  not  disseminate;  3.  Though,  as  a  rule, 
solitary,  it  may  be,  and  often  is.  multiple;  4.  Its  duration  may  extend 
over  many  years. 

Happily,  of  all  species  of  carcinomata.  this  gives  the  best  results  to 
adequate  operative  treatment.  When  freely  excised  in  the  early  stages, 
recurrence  is  very  e.\ceptional.  liven  in  the  very  late  stages,  as 
Moore  demonstrated  in  1867.  bold  and  free  excision  usually  gives 
excellent  results,  so  far  as  the  course  of  the  disease  is  concerned. 


in.  DERMOIDS. 

These  are  tumors  furnished  witJi  skin  or  mucous  membrane,  occur- 
ring in  situations  where  these  structures  are  not  found  under  normal 
conditions.  Dermoids  only  possess  tissues  which  naturally  belong  to 
skin  or  mucous  membrane. 

The  group  contains  four  genera:  1.  Sequestration  dermoids;  2, 
Tubuiodtrnioid^ ;   3,  Ovarian  dermoids;  4.  Dermoid  patches  (moles). 

Sequestration  Dermoids. — The  species  of  this  genus  arise  in 
detached  or  sequestered  portions  of  the  surface  epithelium,  mainly  in 
situations  where,  during  embryonic  life,  coalescence  takes  place  between 


FrpHlonaial  fractia. 
Gle/mlar  frocai. 

MatiSliiry  fnciit, 
ManJUmlar  fretia. 


Orbilat  fismrt. 

/ntrmasiil  fitmrt. 
Marillii  ry  Jinurt. 


Fig.  aio. — Head  of  an  embrro.  (hawing  the  dlsposiUoa  of  the  bcial  fusuTci 
( Hrm  i-diagram  mjil  Lc) . 

skin-covered  surfaces.  They  are  met  with  in  the  mid-line  of  the  trunk, 
from  the  occipital  protuberance  along  the  spine  to  the  coccyx,  through 
the  perineum  (including  the  scrotum  and  penis),  and  onward  through 
the  mid-line  of  the  abdominal  and  thoracic  wall  to  the  neck.  In  the 
&cc  and  neck  they  arise  in  the  lines  of  the  facial  and  branchial  iissures. 
In  the  pinna,  dermoids  arise  in  the  lines  of  fusion  of  the  tubercles  out 
of  which  the  pinna  is  formed. 

The  characters  and  the  modes  by  which  dermoids  arise  may  be 
illustrated  in  the  nose.     In  the  early  embryo  the  central  part  of  the 
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Fig.  all. — The  nose,  to  4how  Ihe  lines  of 
coalescence. 


face  is  represented  by  an  opening  from  which  five  fissures  radiate  (Fig. 
2io).  The  upper  pair  are  the  orbitonasal,  the  two  lower  are  the  max- 
illary fissures,  and  a  fifth  the  intermandibular.  The  median  fold  pro- 
jecting into  the  opening  from  above  is  the  frontonasal  process,  which 
ultimately  forms  the  nose.  Each  angle  of  the  frontonasal  plate  is 
rounded  and  is  known  as  the  globular  process;  they  unite  to  form  the 

al^  of  the  nose,  the  premaxilla;, 
and  the  central  median  piece  (the 
philtrum)  of  the  upper  lip.  The 
elongation  of  the  frontonasal  proc- 
ess lengthens  the  orbitonasal  fis- 
sures. The  sides  of  the  frontonasal 
plate  coalesce  superficially  with  the 
maxillary  processes,  the  lines  of 
fusion  being  permanently  indicated 
in  the  adult  by  the  nasofacial  sul- 
cus, and  on  the  deep  surface  by 
the  lacrimal  duct.  This  brief  ac- 
count of  the  development  of  the 
face  indicates  that  the  nose  is  re- 
lated with  three  fissures:  the  orbito- 
nasal on  each  side ;  the  intemasal, 
in  the  mid-line  of  the  no.se,  marks 
the  line  of  union  of  the  globular  processes.  In  each  of  these  situations 
faults  of  three  kinds  occur:  i.  The  fissure  persists;  z.  It  may  close 
imperfectly  and  leave  a  fistula;  3,  A  portion  of  surface  epithelium 
becomes  sequestered  and  forms  a  dermoid. 

In  the  case  of  the  nose  itself,  the  internasal  fissure  is  very  apt  to 
be  imperfectly  obliterated  and  leave  a  fissure,  and  from  its  skin-lined 
rece.sses  hairs  may  sprout. 

Dermoids  at  the  root  of  the  nose  arise  in  a  different  manner.  In 
the  early  embr>'onic  stages  the  frontonasal  process  consists  of  hyaline 
cartilage  covered  with  skin.  Gradually  the  nasal  bones  develop  between 
the  skin  and  cartilage,  eventually  causing  the  underlying  cartilage  to 
disappear.  In  the  process  of  separating  skin  from  cartilage,  fragments 
of  surface  epithelium  become  sequestered  and  give  rise  to  dermoids. 
Dermoids  of  the  scalp  arise  in  this  way,  and  occasionally  project  on 
the  deep  surface  of  the  cranium,  and  cause  death  by  interfering  with 
the  brain. 

Sequestration  dermoids  rarely  attain  a  large  .size ;  the  majority  do 
not  exceed  5  centimeters  (2  inches)  in  diameter.  Structurally  they 
appear  as  cysts  lined  with  skin  which  resembles  the  cutaneous  invest- 
ment of  the  parts  in  which  they  arise.  Thus,  a  dermoid  of  the  eyelid 
will  have  its  skin-lining  like  that  of  the  eyelid;  in  the  scalp,  the  hairs 
and  glands  are  like  those  of  the  normal  scalp,  and  so  on.  Occasionally 
a  dermoid  appears  as  a  solid  tumor,  the  skin  covering  its  outer  surface. 
Sequestration  dermoids  very  rarely  contain  teeth.  Dermoids  in  the 
nasofacial  sulcus  are  rare,  whilst  they  are  of  frequent  occurrence  in  the 
neighborhood  of  the  orbit,  but  are  more  common  at  the  temporal  than 
at  the  nasal  angle. 

Implantation  Cysts. — It  has  long  been  recognized  that  dermoids  do 
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not  occur  in  the  limbs ;  yet,  occasionally,  small  skin-lined  cysts  are  met 
n-ith  in  the  skin  of  the  hand  and  fingers.  It  has  been  demonstrated 
that  these  cysts  are  the  results  of  injur}',  such  as  pricks  and  cuts. 
whereby  fragments  of  the  skin  are  carried  into  the  subcutaneous  tissue 
and  subsequently  give  rise  to  skin-lined  cysts.  These  are  called 
implantation  cysts,  from  the  manner  of  their  origin.  They  may  attain 
the  size  of  a  bantam's  egg,  and  occur  not  only  in  the  limbs,  but  on  the 
trunk,  scalp,  and  face.  Very  many  examples  have  been  recorded  in  the 
cornea  and  iris  as  the  result  of  punctured  wounds  of  the  globe,  as  well 
as  the  consequence  of  operations,  such  as  iridectomy  and  cataract- 
extraction.  The  cysts  are  considered  here,  since  they  serve  as  experi- 
mental proof  that  .sequestered  portions  of  skin  may  act  as  tumor-germs. 

Tubulodermoids. — In  the  human  embryo  there  are  certain  canals 
and  passages  which  normally  disappear  before  birth.  These  are  known 
as  obsolete  canals.  Three  of 
these,  the  thyroglossal  duct,  the 
branchial  clefts,  and  the  postanal 
gut,  are  occasionally  the  source 
of  dermoids. 

Lingual  Dermoids. — The  va- 
riety which  arises  in  the  center  of 
the  tongue,  between  the  geniohyo- 
glossi  muscles,  has  its  origin  in  the 
persistent  glossal  segment  of  the 
thyroglossal  duct  (Fig,  212). 

Rectal  Dermoids. — There  are 
three  situations  in  relation  with  the 
rectum  in  which  dermoids  arise: 
I.  Thcj"  may  hang  as  polypi  from 
the  mucous  membrane ;  2.  They 
sometimes  lie  between  the  rectum 
and  coccyx,  extending  upward  into 
the  hollow  of  the  sacrum ;  or,  3. 
They  project  from  between  the 
rectum  and  coccyx  as  huge  congenital  tumors  (familiar  as  congenital 
sacrococcygeal  tumors).  The  last  two  species  arise  in  persistent  seg- 
ments of  the  postanal  gut. 

Branchial  Dermoids. — These  arise  in  persistent  branchial  fissures. 
They  are  congenital,  and  lie.  as  a  rule,  beneath  the  deep  cer\ical  fascia. 

Tubulodermoids,  apart  from  their  mode  of  origin,  differ  from  the 
sequestration  genus  in  the  following  points ;  They  often  attain  very  large 
proportions,  exhibit  a  more  complex  structure,  and  not  infrequently 
contain  teeth. 

Ovarian  Dennoids. — This  genus  differs  from  other  dermoids  in 
their  mode  of  origin  as  well  as  in  the  great  variety  of  structure  ihey 
contain.  The  ovarian  dermoid  arises  m  that  region  of  the  ovarj-  con- 
taining the  follicles  (the  oophoron),  and  the  glandular  and  epithelial 
dements  are  derived  from  the  rich  follicular  epithelium. 

An  ovarian  dermoid  may  contain  hair  (Fig.  213)  which  is  some- 
times a  meter  {39-37  inches)  in  length;  skin-glands  of  every  varict>' — 
sebaceous,  sudoriparous,  and  manimarj* — also  horn,  nail,  and  epithelial 


Fig.  313. — Till;  IbyrogloEul  duel  <  Maisholl). 
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pearls;  and  collections  of  shed  epithelium  which  sometimes  assume  the 
form  of  pills,  and  may  number  3000  or  4000  in  one  cyst.  Bone  is  not 
uncommon,  and  teeth  (Fig.  214)  may  be  numerous  (i  to  300). 


V\'i.  313. — An  ovarian  dermoid. 

Ovarian  dermoids  sometimes  attain  prodigious  proportions  (50  lbs.) 
There  is  no  reliable  evidence  of  the  existence  of  an  ovarian  dermoid 
in  a  child  under  one  year  of  age.  In  this  respect  they  differ  from 
sequestration  dermoids,  which  are  nearly  always  congenital. 


Fm,  alj. — Ovarian  teelh. 

The  ovary  is  the  only  abdominal  viscus  in  which  dermoids  arise 
primarily,  but  an  ovarian  dermoid  may  rupture  and,  by  infecting  the 
peritoneum,  give  n^c  to  a  "crop  of  small  dermoids." 
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Moles. — Tin's  term  is  applied  to  a  congenital,  pigmented,  and 
usually  hairy  patch  upon  the  skin.  Moles  varj'  greatly  in  size.  Some 
are  like  dots,  others  may  be  as  big  as  the  palm,  and  occasionally  a 
mole  may  involve  half  the  face  or  trunk.  They  commonly  occur 
where  hair  is  scanty,  and  are  conspicuous  objects.  Moles  sometimes 
arise  on  the  scalp  and  conjunctiva.  The  hair  on  moles  is  usually  short, 
but  it  may  be  lo  centimeters  (3.9  inches)  or  more  long.  It  is  furnished 
with  sebaceous  glands ;  sweat-glands  are  often  present,  even  in  the  con- 
junctival variety.  The  most  important  hi.stologic  feature  in  moles,  both 
hairy  and  hairless,  is  the  fact  tliat  the  tissue  immediately  underlying 
them  has  a  disposition  like  that  characteristic  of  an  alveolar  sarcoma. 

A  mole  bleeds  freelj'  when  its  surface  is  abraded ;  it  is  liable  to 
ulcerate ;  and,  later  in  life,  is  prone  to  become  the  starting  point  of  a 
melanoma. 

Teratomata. — A  teratoma  is  an  irregular  conglomerate  mass,  con- 
taining the  tissues  and  fragments  of  the  viscera  of  a  suppressed  fetus. 
attached  to  an  othenvise  normal  individual.  Strictly,  the  consideration 
of  teratomata  belongs  to  teratology,  but  certain  species  are  very  apt  to 
be  confounded  with  dermoids. 

When  a  single  ovum  gives  origin  to  two  embrj'os,  they  may  remain 
separate  or  be  conjoined.  Occasionally,  when  the  embryos  remain  dis- 
tinct and  have  a  common  placenta,  one  embryo  goes  on  to  full  develop- 
ment, but  the  other  becomes  an  "  ill-formed  lump,"  sometimes  furnished 
with  arms  and  legs,  but  often  having  the  limbs  blended  with  the  trunk. 
These  are  known  as  acardiac  fitusis.  When  the  twins  are  conjoined, 
both  may  go  on  to  full  development,  or  one  may  become  suppressed 
and  remain  as  an  imperfectly  developed  fetus  attached  to  one  that  is 
full)-  formed.  The  bearer  of  a  parasitic  ft-tus  of  this  kind  is  termed  the 
autosite.  The  degree  to  which  the  parasitic  fetus  is  developed  varies 
vcr>'  gre.itly.  When  tlie  limbs  are  developed,  there  is  no  difficulty  in 
recognizing  it;  but  when  it  is  a  sessile  mass,  there  is  more  difficulty. 

An  acardiac  fetus  differs  from  a  para.sitic  fetus  merely  in  the  fact  that 
the  former  is  connected  with  its  twin  by  means  of  the  placenta,  whilst 
the  latter  is  directly  attached  to  its  companion.  Parasite  fetuses  may  be 
attached  to  any  part  of  the  head  or  trunk  of  the  autosite.  The  poste- 
rior sacral  region  is  perhaps  the  commonest.  In  a  few  rare  cases  the 
suppressed  fetus  has  been  found  on  the  posterior  wall  of  the  belly  or 
the  thorax. 

The  es.senlial  difference  between  a  teratoma  and  a  dermoid  is  this: 
A  teratoma  contains  formed  organs,  such  as  intestine,  liver,  kidney,  etc., 
and  complete  bones,  such  as  a  vertebra,  perhaps  with  a  piece  of  spinal 
cord  or  a  completely  formed  limb;  dermoids,  on  the  other  hand,  con- 
tain skin  or  mucous  membrane  (sometimes  both)  and  such  structures — 
glands,  hair,  naiis,  teeth,  etc. — as  are  normally  derived  from  skin  and 
mucous  membrane. 

IV.  CYSTS. 

C>'sts  (or  cystomata)  result  from  the  abnormal  dilatation  of  pre- 
-existing tubules  or  cavities.     In  the  simplest  forms  they  consist  of  a 
all.  usually  composed  of  fibrous  tissue,  but  not  infrequently  mixed 
with  plain  muscle-fiber.     The  cyst-contents  may  be  mucus,  bile,  saliva. 
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etc..  according  to  the  nature  of  the  organ  with  which  the  cyst  is  con- 
nected. 

Cysts  may  be  arranged  in  four  genera:  i.  Retention  cysts;  2. 
Tubulocysts ;  3.  Hydroceles ;  4.  Gland-cysts. 

Retention  Cysts. — When  the  duct  of  a  gland  is  obstructed,  the 
secretion,  hindered  from  escayjing.  accumulates  in  the  ducts  and  acini, 
and  dilates  them.  If  the  obstruction  be  maintained  or  oft-repeated,  the 
gland-tissue  atrophies,  and  finally  the  gland  and  its  duct  are  converted 
into  a  fluid-containing  sac  or  cyst.  Typical  retention  cysts  arise  in  con- 
nection with  hollow  organs  the  inner  walls  of  which  are  provided  with 
glands,  such  as  the  uterus,  gall-bladder,  and  vermiform  appendix. 

Retention  cysts  may,  and  often  do,  reach  very  large  proportions, 
endangering  hfe  by  interfering  with  the  functions  of  the  organ  in  which 

Adrmat. 


Urachta. 


Vrilkra.' 


Uritrr. 


Fig.  315. — Urinary  organs  of  a  fetus  with  imperforale  urethra.  On  one  side  the  ureter  is 
dilated  into  .1  I.irgF  cyst,  nnd  the  renni  pelvis  'f,  ^acculaled  (bydronephrotic);  the  opposite 
ureLer  19  narrow,  and  the  urinifcroua  lubules  are  cctaTic. 


they  arise,  or  by  mechanically  disturbing  adjacent  viscera.  Frequently, 
pathogenic  micro-orgaiii.sms  gain  access  to  the  contents  of  cysts,  and 
establish  suppuration  with  all  its  attendant  evils. 

Tubulocysts. — This  genus  includes  cysts  arising  in  functionless 
ducts — c.g.,xS\c  iirachus,  vitcllo-intestinal  duct,  parovarian  tubules,  and 
Gartner's  duct.  Functionless  ducts  must  not  be  confounded  with 
obsolete  canals. 
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Hydroceles. — These  cysts  are  due  to  excessive  accumulation  of 

fluid  in  ii  diverticulum  or  pouch  of  the  peritoneum.  The  following  arc 
the  chief  species;  hydrocele  of  the  tunica  vaginalis  testis;  hydrocele 
of  the  canal  of  Nuclc;  hydrocele  of  hernial  sacs;  hydrocele  of  the 
ovarian  pouch  (probably  confined  to  a  few  mammals);  omental  hydro- 
celes, or  cysts  due  to  accumulation  of  fluid  between  the  layers  of  the 
great  omentum. 

Gland-cysts. — In  many  compound  glands  the  secretion  escapes 
by  a  common  duct.  Thus,  in  the  salivary  glands — <'.  ^..  the  parotid — 
the  excretory  conduit  is  known  as  Steno's  duct ;  the  duct  of  the  kidney 
is  the  ureter,  and  that  of  the  submaxillarj-  gland  is  known  as  Wharton's 


Fig.  3t6.— Cyst  due  to  dilaiailcm  of  a  milk-duct,     li  had  existed  for  many  years,  and  contained 

muth  cholcsierin. 


duct.  In  other  compound  glands  the  secretions  open  into  a  number 
of  channels,  each  with  a  discrete  orifice.  For  example,  the  mammary 
or  milk-ducts  open  .separately  on  the  apex  of  the  nipple;  the  lacrimal 
and  sublingual  glands  have  many  ducts  with  separate  terminations.  In 
compound  glands  of  this  kind  a  distinction  must  be  made  between 
cjsts  arising  in  the  ducts  or  in  connection  with  the  acini  of  the  glands. 
For  instance,  in  the  kidney,  obstruction  to  tlie  main  duct  (ureter)  leads 
to  hydronephrosis,  but  when  the  uriniferous  or  gland-tubes  form  cysts, 
then  the  organ  becomes  a  conglomerate  c>'stic  body  (Fig.  215),  This 
is  well  seen  in  the  mamma,  where  a  cyst  ari.sing  in  the  milk-duct  is 
situated  near  the  base  of  the  nipple  (Fig.  216):  by  pressure  the  fluid 
may  be  made  to  e.vude  through  the  duct ;  but  when  the  glandular  acini 
become  c>'stic,  the  organ  is  dotted  throughout  with  fluid-containing 
cavities. 

A  cyst  due  to  distention  of  Wharton's  duct  is  called  a  ramt/a  ;  one 
arising  in  the  ducts  of  the  lacrimal  gland  is  termed  cfacryofis. 
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PseadocyStS. — There  are  many  conditions  oflen  classed  as  cysts 
which  may  with  greater  propriety  be  arranged  as  a  sub-group  contain- 
ing four  genera:  i.  Diverticula;  2.  Burss;  3.  Neural  cysts;  4,  Para- 
sitic cysts. 

Diverticula. — The  term  diverticulum  denotes  a  hemia  or  protrusion 
of  the  lining  membrane  of  a  cavity  through  a  defective  spot  in  its  walls. 
Diverticula  occur  in  mucous  canals — c.  g.,  the  pharynx,  esophagus, 
larynx,  trachea,  intestine,  and  bladder,  A  hernial  protrusion  of  the 
synovial  membrane  of  a  joint  is  called  a  synovial  cyst,  and  in  the  case 
of  tendon-sheaths,  a  ganglion.  Localized  protrusions  of  the  meninges 
of  the  brain  and  spinal  cord  are  known  as  meningoceles. 

Burss. — -Where  muscles  or  their  tendons  glide  over  osseous  promi- 
nences, and  in  situations  where  the  skin  is  exposed  to  intermittent 
pressure  combined  with  friction,  membranous  sacs  filled  with  glairy 
Buid  occur.  These  are  known  as  bursx,  and  are  often  a  source  of 
inconvenience,  especially  when  they  inflame.  Common  examples  are 
the  prepatellar  and  olecranon  bursse.  Very  large  examples  are  some- 
times found  over  the  tuberosity  of  the  ischium  and  the  great  trochanter. 
Troublesome  burss  are  found  under  many  corns  and  associated  with 
bunions. 

Neural  Cysts. — This  genus  includes  the  abnormal  conditions  of 
brain  known  as  encephalocele  and  dilatation  of  the  cerebral  ventricles 
(hydrocephalus).  It  also  includes  malformations  of  the  spinal  cord 
included  in  the  term  spina  bifida. 

Parasitic  Cysts. — This  includes  echinococcus  cysts  and  colonies 
and  the  cysticercal  st^e  of  the  tenia. 
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FRACTURES. 
GENERAL  CONSIDERATIONS. 

Fracture,  in  the  general  surgical  sense,  is  the  breaking  of  hard 
animal  tissue;  in  the  special  surgical  sense  employed  here,  the  term  is 
applied  to  the  breaking  of  bone.  It  should  be  borne  in  mind  that  a 
fracture  is  a  wound — a  wound  of  bone — and  that  in  its  etiology,  symp- 
toms, pathology,  and  treatment  it  is  amenable  to  the  same  laws  which 
govern  wounds  in  other  tissues. 

Varieties. — The  \arieties  of  fracture,  for  convenience  of  classifica- 
tion, may  be  di\idcd  as  follows: 

A.  According  to  the  Lines  of  Fracture. — ^The  terms  tran.svcrsc. 
oblique,  dentate,  spiral,  V-shaped,  T-shapcd.  and  longitudinal  fracture 
are  self-explanatory.  A  steliaU  fracture  is  one  in  which  multiple  lines 
of  fracture  radiate  from  a  central  point.  By  (omminutui  fracture  is 
understood  a  breaking  of  bnne  into  small  fragments:  this  is  usually 
caused  by  direct,  crushing  injuries.  When  a  bone  is  broken  in  .several 
places,  more  widely  separated  than  in  comminuted  fracture,  the  term 
multiple  fmc  til  re  is  applied.  A  splintered  fracture  is  one  in  which  a 
small,  superficial  fragment  of  bone  is  chipped  off.  This  sometimes 
occurs  as  the  result  of  muscular  action,  whereby  a  fragment  of  bone  to 
which  the  muscle  is  attached  is  torn  away.  The  term  is  also  applied 
to  multiple  parallel  lines  of  fracture,  close  together,  and  terminating  in 
the  free  surface  or  broken  end  of  a  bone.  Piimhired  or  penetrating 
fracture  is  usually  a  variety  of  comminuted  fracture,  caused  by  a  pene- 
trating instrument  or  projectile.  It  may,  however,  be  caused  by  a  sharp 
instrument  which  produces  only  a  separation  of  the  bone,  by  parting 
its  substance  to  either  side  as  it  enters,  ^y  gunshot  fracture  is  under- 
stood the  fracture  produced  by  a  projectile  from  a  firearm.  Such 
fractures  vary  from  an  ordinary  penetrating  fracture  to  the  most 
severe  comminuted  fracture.  They  are  of  especial  importance  because 
they  are  always  associated  with  a  lacerated,  usually  infected  wound  of 
the  soft  parts,  A  fracture  with  loss  of  substance  is  one  in  which,  at 
the  time  of  injury,  a  portion  of  the  bone  is  separated  or  entirely 
removed  from  its  normal  connections. 

B.  According  to  the  Degree  of  Fracture. — A  tomplele  fracture  is 
one  in  which  the  bone  is  divided  into  two  or  more  parts  by  a  hne  or 
lines  of  fracture  involving  its  whole  thickness.  When  the  bone  is  not 
completely  separated  into  two  or  more  parts — as  in  the  case  of  the 
shaft  of  a  long  bone  with  a  crack  passing  only  partly  across  its  longi- 
tudinal axis,  and  in  ihe  case  of  a  flat  bone,  when  the  fracture-line 
does  not  extend  completely  from  one  side  of  the  bone  to  the  other — 
Ihe  term  incomplete  fracture  is  used.     To  this  second  class  belongs  the 
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greeii-stick  or  bending  fracture — tliat  is,  a  fracture  caused  by  the  bend- 
ing of  a  long  bone  to  such  a  degree  that  the  bone-tissue  separates  on 
the  side  which  suffers  traction,  and  does  not  separate  upon  the  opposite 
side,  or  side  of  compression.  Fissurtd  fracture,  or  fissure,  is  a  form  of  the 
incomplete  variety  in  which  a  single  line  or  lines  of  fracture  traverse 
only  a  part  of  the  thickness,  breadth,  or  length  of  a  bone.  It  is  most 
commonly  observed  in  the  skull,  and  sometimes  as  a  longitudinal 
fracture  of  the  long  bones.  In  the  long  bones  it  may  be  produced 
transversely  or  obliquely  by  the  same  force  that  causes  green-stick 
fracture  in  a  less  brittle  bone.  Depressed  fracture  is  usually  incomplete ; 
though  there  is  a  form  of  complete  depressed  fracture  in  which  an 
area  involving  the  whole  thickness  of  the  bone  is  completely  separated 
and  driven  in.  The  incomplete  depressed  fracture  consists  in  the  bend- 
ing or  pressing  in  of  an  area,  without  a  circumferential  separation 
involving  the  whole  thickness  of  the  bone.  The  crushing  in  of  the 
bony  wall  of  an  antrum  or  sinus  or  of  the  vitreous  layer  of  a  bone 
into  the  underlying  cancellous  structure  constitutes  an  incomplete 
depressed  fracture. 

C.  According  to  the  Displacement  of  the  Fragments. — Depressed 
fracture  of  the  complete  variety  is  observed  especially  in  the  skull, 
and  is  of  importance  because  of  the  accompanying  injurj'  to  the  under- 
lying viscera.  Fracture  with  transverse  displacement  is  one  occurring 
— as  is  the  case  with  the  five  following  varieties — in  long  bones,  and  is 
characterized  by  a  displacement  of  one  or  both  fragments  in  a  direction 
transverse  to  the  long  axis  of  the  bone.  When  the  degree  of  displace- 
ment is  greater  than  the  diameter  of  the  bone,  and  in  the  absence  of 
surrounding  resistance,  the  contraction  of  the  parts  tends  naturally  to 
the  production  of  fracture  with  overriding,  fracture  XL'ith  rotary  dis- 
placement is  the  result  of  the  destruction  of  the  normal  relations  by  a 
rotation  of  one  or  botli  fragments  upon  the  long  axis.  Fracture  witk 
angular  displacement  not  only  occu  rs  in  complete  fractures,  but  is  usually 
the  only  displacement  in  incomplete  or  green-stick  fractures  of  the 
long  bones.  It  is  very  variable  in  its  degree,  and  may  be  associated 
with  lateral  dislocation  to  such  an  extent  that  a  T-shapcd  displace- 
ment results.  When  the  displacement  occurs  in  the  direction  of  the 
long  axis  of  the  bone,  the  lesion  is  designated  as  fracture  with  longi- 
tudinal displacement,  though  the  term  is  understood  to  apply  only  to 
fractures  with  longitudinal  separation  or  drawing  apart  of  the  fragments. 
An  impacted  fracture  h  the  driving  of  one  fragment  into  another,  or 
the  telescoping  of  the  bone. 

D.  According  to  the  Location  of  the  Fracture — The  separation  of 
an  epiphysis  is  an  accident  peculiar  to  young  persons.  It  is  of  impor- 
tance because,  in  the  healing,  the  cartilage  which  separates  the  epiphysis 
from  the  diaphysis  often  becomes  prematurely  ossified,  and  thus  the 
subsequent  longitudinal  growth  of  the  bone  is  interfered  with.  Fracture 
of  the  shaft  is  the  most  frequent  of  fractures.  PVacture  of  the  head  of 
a  bone,  because  of  its  almost  invariable  involvement  of  the  articular 
surface,  assumes  a  .special  importance.  Fracture  of  the  neck  of  a  bone 
may  or  may  not  involve  that  part  of  the  neck  which  lies  within  the 
joint.  The  term  "  fracture  of  the  extremity  of  a  bone  "  is  included  in  the 
above-mentioned  classes.     Intracapsular  or  iutra-articular  fracture  is  a 
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fracture  lying  wholly  within  the  joint.  Extra-artUular  fracture  is  one 
lying  in  close  relation  to  the  joint,  but  still  external  to  the  joint- 
capsule.  When  the  line  of  fracture  involves  the  bone  both  within  and 
without  the  joint,  it  is  designated  as  mixfd  fractiirf.  Intercondyloid 
fracture  is  a  fracture  which  enters  a  joint  between  the  condyles.  The 
separation  of  an  apophysis  is  similar  to  the  separation  of  a  splinter  by 
direct  external  violence  or  muscular  action.  By  multiple  fracUtrc  is 
understood  the  simultaneous  breaking  of  two  or  more  bones. 

E.  According  to  the  Presence  or  Absence  ol  other  Injuries. — A 
simple  or  closed  fraeture  is  one  that  is  not  complicated  by  a  wound 
extending  from  the  seat  of  fracture  through  the  overlying  skin  or 
mucous  membrane.  A  compound  or  open  fracture  is  one  that  is  asso- 
ciated with  such  a  wound.  This  variety  of  fracture  is  of  the  greatest 
importance,  because  it  adds  to  the  bone-injurj'  the  possibility  of  all 
the  dangers  and  complications  of  an  open  wound.  The  dangers  inher- 
ent in  a  compound  fracture  are  greater  than  those  in  a  simple  fracture, 
complicated  by  a  wound  of  the  soft  parts  of  the  same  extent,  not  con- 
nected with  the  break  in  the  bone.  The  combination  with  a  fracture 
of  an  open  wound  involving  the  soft  tissues  adds  an  extra  hazard 
which  is  entirely  out  of  proportion  to  the  combined  dangers  of  the 
two  conditions  when  existing  .separately.  A  complicated  fracture  is  one 
associated  with  a  wound  of  a  large  nerve,  vessel,  joint,  or  internal 
organ,  or  with  the  dislocation  of  a  joint  with  which  a  broken  bone 
articulates. 

F.  According  to  the  Etiology  of  the  Fracture. — Under  this  head- 
ing are  two  great  classes — traumatic  fractures  a.nd  pathological  fractures. 
The  first  occur  as  the  immediate  result  of  violence  to  healthy  bone,  or 
to  bone  which  is  strong  enough  to  withstand  a  considerable  degree  of 
breaking  force.  The  second  occur  in  bones  which  have  become  so 
fragile,  as  the  result  of  pre-existing  local  disease,  that  a  slight  degree 
of  force  suffices  to  cause  a  fracture. 

The  traumatic  fractures  are  the  following:  Fracture  by  direct  farce 
implies  that  the  fracture  occurs  at  the  location  where  the  p ri ma rj' force 
strikes  the  bone.  Fracture  by  indirect  force  implies  that  the  fracturing 
force  is  applied  at  a  point  remote  from  the  place  where  the  bone  breaks, 
and  is  transmitted  through  the  bone.  It  is  customarj'  to  speak  also  of 
fracture  by  tunsting  and  fracture  by  traction.  Fracture  by  contre-coup, 
or  opposite-stroke,  is  a  term  applied  to  that  form  of  indirect  fracture 
of  the  skull  in  which  the  fracture  occurs  on  the  opposite  side  from 
that  at  which  the  force  is  applied.  These  are  fractures  by  external 
violence.  In  fracture  by  muscular  contraction  the  violence  is  done  by 
force  generated  within. 

(For  the  varieties  of  pathological  fracture,  see  the  Predisposing 
Causes  of  Fracture.) 

Btlology. — Under  this  head  are  considered  the  predisposing  and 
exciting  causes  of  fracture.  Predisposing  causes  which  induce 
abnormal  fragility  of  bone  are  caries  and  necrosis;  tumors  of  bone, 
cither  primary  or  metastatic  ;  pressure  or  encroachment  upon  the  bone 
by  extra-osseous  tumors;  o.steomyelitis ;  osteoporosis;  fragilitas 
nssium;  osteitis  deformans;  cchinococcus;  actinomycosis;  sjphilis; 
tuberculosis  ;  atrophy  as  a  result  of  disuse  or  circulatory  defects ;  fatty 
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degeneration ;  mercurial  poisoning ;  rheumatism  and  gout.  Aside  from 
these  more  piirlicularly  local  causes  are  certain  general  disturbances 
which  render  bone  more  liable  to  fracture.  These  are  rickets;  osteo- 
malacia; scrofula;  insanity;  locomotor  ataxia;  general  paralysis,  and 
other  diseases  involving  the  trophic  centers;  old  age  and  general 
inanition.     In  some  families  there  is  an  hereditary  liability  to  fracture. 

There  arc  certain  other  predisposing  causes  of  fracture  which  do 
not  depend  upon  pathological  changes.  Persons  of  the  male  sex, 
because  of  greater  exposure  to  violence,  sustain  more  fractures  than 
the  female.  In  certain  occupations  the  liability-  to  fracture  is  greater 
than  in  others.  The  occurrence  of  fracture  is  influenced  by  the  season. 
It  is  not  true  that  bone  is  more  brittle  in  cold  weather,  but,  because  of 
the  more  tonic  state  of  the  muscular  .system  in  cold  weather,  the  joints 
are  held  more  rigidly,  and  thus  injury  is  more  apt  to  cause  fracture. 
The  presence  of  ice  in  certain  seasons  adds  to  the  danger.  The  shape 
and  the  situation  of  certain  bones  are  factors  in  their  predisposition  to 
friictiue. 

The  exciting  causes  of  fracture  are  external  \iolence  and  muscular 
action.  By  external  violence  is  meant  the  violent  or  forcible  contact 
of  a  part  of  the  body  with  some  external  body  or  force.  Such  a  force 
may  be  the  cause  of  fracture  by  direct  action — that  is.  the  fracture  may 
occur  directly  at  the  place  where  the  external  force  is  applied;  as.  for 
example,  when  the  leg  is  struck,  and  breaks  at  the  place  of  contusion. 
Or  the  force  nia\"  act  indireetlj',  and  cause  a  fracture  at  some  point 
remote  from  the  place  where  the  external  force  meets  the  body ;  as, 
for  example,  the  breaking  of  the  radius  by  a  fall  u[x>n  the  hand. 
Muscular  action  is  not  an  uncommon  cause  of  fracture.  The  violence 
is  done  \>\  the  sudden  and  strong  contraction  of  muscle,  acting  usually 
upon  some  bony  prominence  or  bone  which  projects  as  a  le\er  over  its 
undcrh^ing  fidcrum.  The  most  common  seats  of  fractures  caused  in 
this  way  are  the  olecranon  process  of  the  ulna,  which  is  broken  by  the 
triceps  muscle,  and  the  patella,  which  is  broken  by  the  quadriceps 
extensor  muscle. 

Sjrmptoms. — The  immediate  sj'mptoms  of  (hicture  are  local  and 
general. 

Local  ImmedtAte  Symptoms. — Abmmwud  mutUitj  is  a  s^-mptom 
which  dqxrnds  upon  the  possibilitj-  of  dtSfdacement  of  the  fragments. 
When  the  bones  of  a  limb  are  broken,  it  may  be  possible  to  mo\-e  the 
limb  in  directions  in  which  the  normal  limb  could  not  be  moved,  and 
the  sife  of  the  arc  through  which  the  limb  normally  omh^  may  be 
increased. 

Fatst  I^imt  af  JfHitm. — The  abcn-e  sv-mptoms  depend  i^wa  die 
presence  of  an  abnonnal  point  of  motion  in  tbe  bone.  The  ftagaients 
may  remain  in  exact  apposition,  or  depbcanent  may  be  present. 

Crff-ifus. — ^Tbis  is  the  peculiar  «rating  feeling  that  is  imfBited  to 
the  examining  hand  when  brokeif-bcne  suifices  are  rubbed  together. 
Sometimes  it  can  be  detected  by  tbe  sicnse  of  bearii^.  It  b  abo  man- 
Sested  to  tbe  potietit  hy  the  si-nse  of  feeling. 

These  are  the  most  impoctant  s\-mptofBs  of  fracture.  Tht^f  appljr 
Bocc  particulariy  to  the  fractures  of  the  \ong,  bones,  and  bcfang  espc^ 
ciilly  to  tbe  d^ss  of  complete  fractures.     Crepitus  may  be   abeent 
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because  of  the  incompleteness  of  the  fracture,  or  because  of  the  pres- 
ence of  blood-clot  or  other  soft  tissue  between  the  fragments,  or 
because  of  an  overriding  or  impaction  of  the  same.  In  the  case  of  the 
fracture  of  a  bone  which  has  a  parallel  companion,  the  latter  acts  as  a 
splint,  and  these  symptoms  may  be  elicited  witli  difficulty.  This  dif- 
ficulty is  increased  in  the  cases  with  very  thick  limbs,  and  also  in 
V-shapcd  and  firmly  interdigitating  fractures. 

Dfformily. — The  degree  of  deformity  about  a  fracture  depends 
largely  upon  the  degree  of  displacement  of  the  fragments.  Aside 
from  the  immediate  deformity  as  a  result  of  such  displacement,  there 
must  needs  be  about  a  fracture  more  or  less  injury  to  the  soft  tissues, 
the  degree  of  which  depends  much  upon  the  degree  of  the  displace- 
ment. This  tearing  of  the  soft  tissues  causes  a  swelling,  due  to  the 
e.xtravasation  of  serum  and  the  escape  of  blood  from  the  torn  ves.sels. 
However  much  this  may  amount  to.  there  is  always  bleeding 
from  the  broken-bone  surfaces  themselves.  The  deformity  may  also 
be  increased  by  open  wounds  of  the  soft  parts. 

Loss  of  Power. — The  loss  of  mechanical  support,  the  pain  caused 
by  movement,  and  paralysis  as  the  result  of  nerve-injurj"  are  the  fac- 
tors upon  which  this  symptom  depends.  It  varies  much  with  the 
character  of  the  fracture  and  the  dispmsition  of  the  patient.  Usually 
the  loss  of  power  is  pronounced. 

Pain. — This  symptom  depends  upon  the  wounding  of  nerves,  and 
upon  pressure  upon  the  nerves  by  bone-fragraents  and  exlravasated 
blood  and  serum.  Ordinarily  the  pain  of  fracture  is  not  severe,  except 
when  there  is  motion  which  permits  the  bone-edges  to  irritate  the  adja- 
cent nerve-filaments. 

TcndiTHtss. — This  depends  upon  all  the  conditions  which  produce 
pain  and  upon  the  application  of  pressure  from  without. 

Muscular  Sfnsm. — As  a  result  of  the  mechanical  irritation  of  the 
mu.sde  itself  by  the  edges  of  bone  or  other  lacerating  or  irritating 
force,  or  by  the  injury  of  a  motor-nerve  trunk,  the  muscles  passing 
over  the  fracture  or  in  the  vicinity  of  the  fracture  tend  to  spasmodic 
contraction.  This  is  observed  especially  in  the  limbs,  and  more  par- 
ticularly about  the  humerus  and  femur,  in  which  it  almost  invariably 
causes  an  overriding  of  the  fragments. 

Shcrtenitig  of  4he  IJmb. — By  this  is  understood  the  shortening 
caused  by  such  overriding  as  thai  described  above,  by  impaction,  or 
by  loss  of  substance. 

Qeneral  Immediate  Symptoms. — Dcfircssion. — This  defiends  upon 
the  presence  of  injuiy  or  disease  in  other  organs,  upon  the  mental 
condition  of  the  patient,  and  upon  the  degree  of  hemorrhage  tind 
injury  to  the  nerves. 

Sho(k. — This  is  an  exaggerated  form  of  general  depression.  It 
depends  upon  the  same  etiological  factors,  and  is  rarely  ob.scrved 
except  in  cases  of  multiple  fractures,  or  fractures  with  .severe  lacera- 
tion of  soft  tissue  or  with  injur>'  to  other  organs. 

These  general  symptoms  are  scarcely  perceptible  in  the  ordinary 
forms  of  fracture.  The  mediate  or  later  sj'mptoms  of  fracture  may 
aJso  be  divided  into  local  and  general. 

Local  Mediate  Symptoms. — In  the  course  of  a  few  hours  there 
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always  develops  abgut  the  seat  of  fracture  more  or  less  edtma. 
|Bierc  may  also  be  present  edt-ma  of  the  whole  limb  below  the  fract- 
^Ve,  as  tl>e  result  nf  obstruction  lo  the  return  circulation  by  pressure 
Upon  the  vessels  by  fragments  or  edges  of  bone,  by  angulation,  or  by 
the  perivascular  exudate.  When  the  exuded  serum  comes  to  the  sur- 
face, it  lifts  up  the  outer  layer  of  the  skin  and  forms  the  blebs  or  bulls 
which  are  common  about  fractures. 

HifhytHtms  is  one  of  the  most  constant  symptoms.  It  appears  a 
few  hours  after  the  injury  as  a  mottling  of  the  skin,  varj'ing  in  color 
from  a  pale  olive  or  red  lo  a  dark  maroon  or  bluish  tint.  The  blood 
comes  from  the  broken  bone  and  from  the  lorn  soft  tissues.  The 
natural  tendency  is  for  the  pain  and  tenderness  to  subside,  although 
it  sometimes  h.'ipiwns  that,  as  a  result  of  the  pressure  of  the  exudate, 
these  sjniptoms  become  aggra\ated.  Local  rise  of  temperature  accom- 
panies the  increase  of  blood -supply  and  the  increased  metabolic 
changes 

Qeneral  Mediate  Symptoms, — Fever  develops  to  a  greater  or  less 
degree  in  all  fractures.  Hemic  or  aseptic  fever  is  present  in  all  cases, 
and  is  due  to  the  liberation  of  librin-ferment  from  the  extravasated 
blood,  and  the  rcabsorption  of  the  same.  The  duration  of  this  fever 
dc]xnds  much  u[H)n  the  amount  of  the  extravasation.  It  is  accom- 
p,tnied  with  no  e\Hdent  constitudonal  disturbat>ces.  Septic  fever 
depends  up<tn  the  presence  of  infecti\-e  organisms,  and  belongs  to 
the  consideration  of  vvounds. 

Diagnosis. — Though  usually  the  diagno^s  of  fracture  is  not  dif- 
ficult, it  happens  in  many  cases  that  the  skill  of  the  surgeon  b  taxed 
lo  decide  as  lo  the  existence  of  3  fracture,  its  location,  or  its  ^^riely. 
The  diagnosis  should  be  based  iirst  upon  the  histor\-.  In  this  is  con- 
stdefcd  the  question  of  predisposing  and  exciting  causes,  particular 
inquire'  being  made  as  to  the  character  of  the  injurx*.  The  sjmptonis 
shi.^uld  next  be  considered.  In  many  cases  the  disco\'d>'  of  a  false 
point  of  motion  and  crepitus  cannot  be  made,  because  of  the  extreme 
tenderness  or  strong  muscular  spasm.  These  obstacks  aic  eliminated 
under  general  anesnicsia.  To  eltdt  these  s>ii^)(oins  Um  bnb  should 
be  firmly  grasped  b>-  the  two  bands  dose  togedier,  ooe  ^bovc  and  tbc 
other  below  the  fracture,  and  tbc  lower  fiagmeiM  wasvA  npoa  the  up(>cr 
by  ctthcT  tFattsN'erse.  rotan-,  or  ai^ular  motion.  \Micn  a  fiactwie  is 
near  a  joint,  tbc  motion  of  die  joint  may  be  confused  with  the  bise 
point  cf  mothm.  tt\-  fixing  the  head  of  the  bone  aad  OMmog  the  other 
PigBRnt  the  fifactun:  may  be  dtscot^ered.  Trae  boojr  uqjtws  shouM 
not  he  confused  wi^  intra-oiticuUr  graline  dae  to  chwMic  im^hw  1 1 
or  recent  iaiuiy  of  the  jnMti'wrfucc'.or  with  the  cwptoa  of  nSuiml 
hursae  or  tendon-sheaths.  Dcfetwiity  dne  to  nf<nrg  af  — mJc  or  to 
local  cAoion  of  senun  or  UtM>d  fotiowwic  iB|m>- often  sBnfacts  the 
appcanMoe  of  fracture,  and  vhea  such  dcKoMTy  e  assccntni  wjdi 
pain  and  leadetness  the  <fagwvw  nasi  be  nade  tnr  stetias  fer  the 
baae^ufv.  Ahhoogh  |an  n^  he  d«e  to  Bk  xxaKmsmm,  sbI  «!■» 
It  is  dBtinctiy  and  mnowly  locaiaaevL  vra  cspcoi^r  wsea  ■■a^Mk- 

aamvir  acca.  the  prutatai^y  of  iIk  ^miaaat.  «rj 

B  very  Strang.    In  octtsM  KaclaRS  these ' 
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present  because  of  the  inaccessibility  of  the  seat  of  fracture.  This  is 
the  case,  for  example,  with  fracture  of  the  base  of  the  skull. 

In  the  diagnosis  of  fractures  a  knowledge  of  the  landmarks,  and 
especially  of  the  bony  prominences  about  the  joints,  is  of  great  impor- 
tance. The  presence  of  deformity  and  its  degree  may  be  determined 
by  comparison  of  the  injured  limb  with  the  sound  limb,  and  by  meas- 
urement of  the  bony  prominences  on  either  side  of  the  injury.  The 
rational  signs  are  determined  by  palpation  and  inspection.  By  apply- 
ing the  stethoscope  firmly  over  the  injured  bone,  and  applying  percus- 
sion, the  percussion-note  will  be  distinctly  heard  so  long  as  there  is  no 
solution  of  the  continuity  of  the  bone  between  the  stethoscope  and  the 
point  of  percussion  ;  but  if  a  fracture  intervenes,  the  sound-wave  is  lost. 
Finally,  a  shadow-picture  of  the  bone  may  be  obtained  by  means  of  the 
Rontgcn  process. 

The  healing  of  fractures  is  discussed  elsewhere. 

Treatment. — The  treatment  of  fractures  is  based  upon  two  funda- 
mental principles — the  correction  of  the  dcformitj',  and  the  maintenance 
of  the  fragments  in  normal  apposition  until  consolidation  has  taken 
place. 

The  methods  of  replacing  the  fragments  in  their  natural  positions 
must  naturally  vary  much  with  the  location  and  character  of  the  fract- 
ure. In  many  fractures  there  is  little  or  no  displacement  whereas  in 
others  the  displacement  amounts  to  a  complete  .separation  of  a  part  of 
the  bone  to  such  a  degree  as  to  cut  it  off  from  vital  connection  with 
the  rest  of  the  body.  Simple  fractures  of  the  leg  without  displacement 
are  often  changed  into  fractures  with  displacement,  or  even  into  com- 
pound fractures,  by  the  patient  attempting  to  use  the  leg  immediately 
after  the  accident.  It  is  no  uncommon  occurrence  for  simple  fractures 
to  be  converted  into  fractures  of  the  compound  variety  by  a  sharp  point 
or  edge  of  bone  penetrating  the  skin  during  the  manipulation  of  the 
limb  or  while  the  patient  is  being  transported.  It  is  therefore  impor- 
tant that  the  greatest  care  be  exercised  to  prevent  the  injury  from  being 
made  worse.  A  fractured  limb  should  be  kept  as  still  as  possible 
until  the  fractured  region  can  be  exposed.  Trousers- legs,  drawers, 
shoes,  and  stockings  should  be  cut  off,  if  their  removal  otheniise  can- 
not be  accomplished  without  undue  moving  of  the  injured  limb. 

In  the  case  of  a  complete  fracture  of  the  bones  of  the  leg  or  thigh, 
when  the  limb  is  moved,  it  should  be  supported  both  above  and  below 
the  seat  of  fracture,  and  grasped  in  such  a  way  as  to  prevent  rotition 
as  well  as  angular  motion.  When  the  patient  is  to  be  moved  from  the 
seat  of  the  accident,  motion  of  the  fr;igment  may  be  prevented  by 
extemporized  splints  of  board,  straw,  rolls  of  paper,  cloth,  twigs,  or 
the  injured  limb  may  be  bandaged  to  its  fellow  with  a  pillow  between. 
The  patient  should  be  carried,  if  pos.sible  in  the  recumbent  position,  on 
a  litter.  The  subsequent  treatment  should  be  conducted  upon  a  hard 
bed — that  is,  a  bed  with  a  firm  mattress,  which  docs  not  sag  with  the 
weight  of  the  body.  To  accomplish  this,  bo.-irds  should  be  placed 
between  the  mattress  and  the  springs  of  the  bed. 

In  the  correction  of  the  deformity  or  the  setting  of  the  fracture  the 
force  should  be  applied  gently,  increasing  firmly  and  gradually,  not 
quickly  and  abruptly,  until  the  desired  result  is  secured.     When  there 
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is  simple  lateral  displacement,  the  limb  should  be  grasped  firmly  by  the 

left  hand  above;  and  by  the  right  hand  below  the  fracture,  and,  as 
steadily  increasing  traction  is  applied,  the  lower  fragment  should  be 
slipped  over  into  place.  The  same  course  of  applying  extension  should 
be  pursued  in  correcting  fracture  with  overriding  and  with  rotarv  dis- 
placement. When  the  muscular  resistance  to  the  correction  is  still  | 
greater,  an  assistant  should  make  coimterextension  above,  and  steady 
the  leg  while  the  surgeon  with  both  hands  applies  traction  and  cor- 
recting manipulations.  In  correcting  angular  displacement,  whether 
the  fracture  be  complete  or  of  the  green-stick  variety,  extension  should 
be  employed  at  the  same  time  with  the  lateral  force  which  overcomes 
the  angulation.  The  deformity  of  impacted  fracture  is  overcome  by 
direct  extension. 

Ordinarily,  the  reduction  of  fractures  is  simple  and  satisfactory,  but 
there  are  certain  obstacles  which  may  intervene.  The  muscular  con- 
traction may  be  so  strong  that  it  resists  the  combined  efforts  of  surgeon 
and  assistant.  A  second  obstacle  to  correction  is  great  pain.  These 
two  symptoms  may  be  overcome  by  the  use  of  general  anesthesia. 
When  general  anesthesia  is  employed,  the  splint-material  should  be  at 
hand,  and  the  immobilization  of  the  bone  should  be  accomplished 
while  the  patient  is  still  under  the  influence  of  the  anesthetic.  Tenotomy. 
or  the  subcutaneous  division  of  resisting  mu.scle,  may  be  employed  to 
facilitate  reduction.  A  third  obstacle  to  reduction  is  the  interposition 
between  the  bone -fragments  of  mu.scle,  clot,  periosteal  tissue,  loose 
fragments  of  bone,  or  a  foreign  body.  When  a  .satisfactory  reduction 
cannot  be  effected  becau.se  of  these  things,  the  seat  of  fracture  should 
be  expo.sed  and  the  obstacle  removed.  It  should  be  borne  in  mind, 
however,  that  if  no  infection  is  present,  none  of  these  obstacles,  with 
the  possible  exception  of  a  foreign  body,  will  actually  prevent  the 
o.s.seous  union  of  the  fragments,  although  they  will  retard  it,  for  they 
are  all  capable  of  becoming  involved  in  the  callus  and  incorporated  in 
the  bone-tissue.  One  of  the  great  objections  to  their  presence  is  the 
fact  that  they  render  perfect  immobilization  more  difficult,  and  thus 
conduce  to  noii-bony  union.  This  is  observed,  for  example,  in  the 
transverse  fracture  of  the  patella,  in  which  the  interposition  of  clot  and 
torn  pcrio.steum  absolutely  prevents  bony  union.  A  final  obstacle  to 
correction  is  impaction,  which  m.iy  be  so  firm  that  it  can  be  overcome 
only  by  great  force.  When  this  is  the  case,  if  the  impaction  is  not 
broken  up,  solid  bony  union  is  assured;  but  the  surgeon  should  always 
have  as  his  guide  in  the  treatment  of  fractures  the  idea  of  the  restora- 
tion of  the  parts  as  nearly  as  possible  to  their  normal  state. 

The  reduction  of  fractures  should  be  attempted  as  soon  as  possible 
after  the  accident.  Every  hour'.s  delay  increases  the  firmness  of  the 
plastic  effusion  about  the  seat  of  the  fracture,  and  renders  reduction 
more  difficult.  If  a  fracture  with  overlapping  has  been  allowed  to  go 
uncorrected,  the  infiltration  with  exudate  of  the  surrounding  tissues  so 
destroys  their  eSa.sticity  that  reduction  without  operation  may  be  impos- 
sible; nor  may  the  surgeon  expect  to  overcome  this  resistance  by 
general  anesthesia. 

Before  proceeding  further  with  the  treatment,  the  condition  of  the 
skin  should  be  looked  to.     Excoriations  should  be  covered  with  mild 
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antiseptic  ointment  spread  upon  dry  gauze.  Serous  blebs  should  be 
snipped  with  scissors  at  their  most  dependent  part,  and  all  of  the  fluid 
evacuated.  The  cuticle  need  not  be  removed,  but  should  be  covered 
with  a  bland  powder,  such  as  zinc  oxid.  and  a  few  layers  of  dry  gauze. 
The  surface  should  be  examined  for  prominent  points  of  bone  beneath 
the  skin,  which  might  penetrate  and  render  the  fracture  compound.  If 
such  a  point  is  disco\'ercd.  further  manipulation  should  be  resorted  to 
with  the  view  of  securing  a  more  perfect  reduction.  When  this  cannot 
be  accomplished,  the  danger  may  be  lessened  by  applying  a  compres- 
sing pad  of  gauze.  Care  should  be  taken  that  the  compression  is  made 
not  directly  upon  the  threatening  point,  but  over  the  neighboring  bone 
with  which  it  is  connected.  No  encircling  bandage  should  ever  be 
applied  next  to  the  skin  beneath  a  splint,  unless  the  rest  of  the  limb 
beyond  is  completely  covered  by  bandage  equally  firm. 

The  immobilization  of  the  fragments  is  accomplished  by  one  of  the 
following  means :  By  position,  by  splints,  by  extension,  or  by  direct 
fixation.  In  certain  cases,  however,  the  deformity  remains  corrected 
without  the  use  of  any  of  these  artificial  methods.  The  placing  of  the 
parts  in  a  certain  position — as,  for  example,  the  use  of  the  double 
inclined  plane  in  fractures  of  the  leg,  or  the  dorsal  recumbent  position 
of  the  bodj'  in  fractures  of  the  clavicle — often  suffices  to  retain  the 
bones  in  the  desired  apposition. 

Before  the  application  of  a  permanent  splint,  the  parts  to  be  covered 
should  be  cleansed  with  soap  and  water.  As  a  general  rule,  it  is  well 
to  immobilize  the  joints  immediately  above  and  below  the  fracture.  The 
greatest  care  should  be  taken  to  avoid  local  pressure  by  the  splint- 
apparatus.  Pressure  should  be  evenly  distributed.  Prominent  points 
which  may  receive  undue  pressure  from  the  splint  should  be  thickly 
covered  with  soft  padding.  A  splint  which  has  been  properly  applied 
should  give  to  the  patient  a  feeling  of  comfort  and  support  to  the  part. 
The  persistent  continuance  of  pain  means  that  something  is  wrong,  and 
the  splint  should  be  removed. 

Of  the  material.s  used  for  splints,  the  most  valuable  is  plaster  of  Paris, 
the  introduction  of  which  has  marked  an  era  in  the  treatment  of  fract- 
ures. In  most  cases  it  is  best  employed  in  the  form  of  the  plaster 
bandage.  This  consists  of  a  roller  bandage  of  coarse-meshed  cotton 
cloth,  in  the  meshes  of  which  dry  plaster  is  held.  These  bandages  are 
made  by  drawing  the  strip  of  bandage  through  the  plaster,  and  loosely 
winding  it.  so  that  when  ihe  bandage  is  completely  rolled  there  is  a  rich 
amount  of  plaster  between  its  folds  an<i  held  within  the  meshes  of  the 
fabric.  These  bandages  may  be  made  in  any  width,  but  preferably  from 
3  to  4  inches  (5  to  lo  cm.).  Plaster  of  I'.iris  absorbs  w,iter  from  the 
atmosphere  in  the  course  of  time,  and  when  .slightly  hydrated  in  this 
way  docs  not  harden  well.  Unless  the  plaster  has  been  protected  from 
the  air  by  keeping  in  a  tightly  sealed  receptacle,  it  should  be  sub- 
jected to  dry  heat  before  using.  When  the  bandages  arc  kept  already 
made  up,  they  may  be  dehydrated  by  placing  them  in  the  dr>'  heat  of 
an  ordin.ir)'  kitchen  oven.  When  ready  for  use  the  roller  bandage 
should  be  put  in  sufficient  water  to  cover  it.  the  bandage  standing  on 
end  to  allow  the  bubbles  of  air  to  escape.  ,-\fter  having  become 
thoroughly  hydrated,  the  cxces.s  of  water  should  be   squeezed  out. 
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the  ends  of  the  bandage  being  covered  by  the  hands  to  prevent  the 
escape  of  the  plaster.  It  is  usually  desirable  that  the  plaster  harden 
as  quickly  as  possible.  To  facilitate  this,  hot  water  to  which  salt  has 
been  added,  an  ounce  to  the  quart  of  water,  should  be  used. 

Before  applying  the  plaster  bandage,  the  skin  should  be  smoothly 
and  evenly  covered  with  cotton  wadding  or  flannel  bandage.  If  the 
person  applying  the  plaster  is  skilled  in  its  use.  the  best  covering  for  a 
limb  is  a  seamless  white  cotton  stocking,  upon  which  the  plaster  may 
be  directly  applied.  In  the  case  of  an  ordinary  fracture  of  both  bones 
of  the  leg,  the  skin  having  been  cleansed  and  covered,  the  patient 
should  be  placed  upon  a  narrow  table ;  the  assistant,  standing  on  the 
side  opposite  the  surgeon,  grasps  the  foot  firmly  in  his  right  hand,  while 
the  left  hand  supports  the  leg  at  a  point  just  above  the  scat  of  fracture. 
The  desired  position  having  been  secured,  a  plaster  bandage  4  inches 
(10  cm.)  wide  is  applied  about  the  leg  at  the  seat  of  fracture,  gradually 
extending  above  and  below  as  far  as  the  knee-  and  ankle-joint.  A  nar- 
rower bandage  may  then  be  applied  to  the  foot  and  ankle,  and  extend- 
ing up  over  the  fracture.  This  should  be  followed  by  a  wide  bandage 
involving  the  leg  and  extending  up  over  the  knee.  After  this  the 
bandages  may  bu  continued  until  the  desired  thickness  has  been 
secured.  By  applying  some  long  spiral  turns  or  a  few  longitudinal 
strips,  and  by  rubbing  well  together  the  layers  as  they  are  applied,  the 
degree  of  firmness  of  the  splint  may  be  much  increased  and  the  amount 
of  material  required  diminished.  The  greatest  care  should  be  taken 
that  the  pressure  made  by  the  dressing  is  even.  The  bandage  should 
always  be  applied  perfectly  flat,  and  not  with  one  edge  drawn  more 
tightly  than  the  other.  The  splint  may  be  strengthened  by  incorpo- 
rating in  it  strips  of  wood- shavings,  wooden  splints,  or  strips  of  wire 
gauze  or  thin  metal. 

A  substitute  for  plaster  of  Paris  is  silicate  of  soda.  Bandages 
impregnated  with  a  solution  of  this  material,  after  they  are  once  hard- 
ened, are  not  softened  by  moisture.  The  disadvantage  is  that  it  makes 
a  less  firm  dressing  than  the  plaster.  When  it  is  desired  to  render  a 
plaster  splint  impervious  to  water,  it  may  be  coated  with  a  .solution  of 
silicate  of  soda  or  with  varnish. 

Moulded  splints  are  made  of  soft  materials  which  harden  after 
having  been  pressed  against  the  part  and  made  to  conform  to  the 
desired  shape.  For  this  purpose  several  layers  of  fabric,  cut  to  the 
desired  length  and  width,  and  impregnated  with  a  solution  of  plaster 
of  Paris  while  in  a  pliable  state,  are  pressed  against  the  limb  and  held 
in  place  by  a  bandage  or  by  straps.  Papier-mache  and  felt  are  also  used 
in  this  manner.  Splints  of  \\\\9.  .'iort  are  usually  made  in  the  form  of  a 
gutter,  so  that  they  may  be  removed  at  pleasure.  The  complete  plas- 
ter-bandage envelope  may  also  be  converted  into  a  removable  or  a 
gutter-splint  by  cutting  it  into  two  parts  by  means  of  an  anterior  and  a 
posterior  incision  or  by  lateral  incisions.  One  or  both  of  these  parts 
may  be  used;  or  they  may  be  united,  corset-like,  by  laces  and  hooks. 

Non-plastic  splints  are  made  of  wood  and  metals.  Of  the  former  are 
the  thin  clastic  strips  of  soft  wood,  called  coaptation-splints.  and  the 
heavier  straight  splints.  The  fracture-box,  which  used  to  figure  promi- 
nently in  surgery,  has  quite  gone  out  of  use.     A  great  variety  of  metal- 
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lie  splints  are  made  for  the  special  fractures  ;  but  plaster  of  Paris  can  be 
used  in  the  place  of  most  of  these.  The  ambulatory  splint  for  the 
treatment  of  fractures  of  the  lower  extremity  is  described  eiscwhcrc. 

When  the  tendency  to  overriding  of  the  fragments  is  persistent,  the 
application  of  permanent  extension  becomes  necessary.  This  is  accom- 
plished by  attaching  a  weight  to  the  extremity,  by  clastic  extension,  or 
by  using  the  weight  of  the  limb  ilscif  to  overcome  the  deformity.  The 
methods  of  applying  extension  will  be  described  in  treating  of  the 
special  fractures. 

In  certain  cases,  despite  the  best  eflbrts,  the  fragments  cannot  be 
made  to  remain  in  satisfactory  apposition.  When  all  other  resources 
have  failed,  the  well-equipped  surgeon  is  justified  in  exposing  the  seal 
of  fracture  and  applying  such  local  treatment  as  the  conditions  require. 
The  incision  of  operation  often  liberates  an  amount  of  blood  and  serum, 
the  presence  of  which  has  been  an  obstacle  to  reduction.  The  removal 
of  soft  tissues  which  have  fallen  between  the  bone-ends  can  then  be 
accomplished.  Often  nothing  further  is  required.  But  when  the  sur- 
geon feels  that  neither  splints  nor  extension  will  suffice  to  hold  the 
fragments  in  place,  he  should  proceed  to  the  direct  fixation  of  the  bone- 
ends.     Direct  suturing  or  binding  of  the  bone-ends  by  means  of  wire. 


Fig.  J17  — Kraclure  of  nbia  inimobihEFd  by  c lam p-and -screw  apparatus  (Parkhill). 

silkworm-gut,  or  chromicized  gut  is  often  indicated.  Nails  and  pegs 
of  bone,  ivory,  or  metal  may  be  used;  or  bone  or  metallic  plates,  or 
bone  ferrules  or  cylinders  ;  or  external  metal  plates  controlling  the 
deeper  bone  fragments  by  long  screws,  as  in  the  method  of  Parkhill 
(Fig.  217), 

Bircher  has  introduced  a  cylinder  of  ivory  into  the  medullary  canal 
for  the  purpose  of  preventing  lateral  displacement ;  and  with  the  same 
view,  Senn  has  used  a  hollow  perforated  bone-cylinder.  Senn  has 
advocated  the  u.se  of  ferrules  made  from  the  tibia  and  femur  of  the  ox 
for  holding  oblique  fraclun-s  in  position.  The  overlving  wound  is 
dosed  and  the  foreign  material  allowed  to  heal  in.  When  metals  are 
used,  they  may  be  exposed  and  removed  at  a  later  operation.  In  the 
case  of  simple  wire  sutures,  the  ends  may  be  left  long  enough  to  pro- 
ject through  the  wound,  which  is  closed  throup;hout  and  covered  by 
copious  dressings.  With  the  ends  as  a  guide,  the  wire  may  be  cut  and 
easily  removed  after  it  has  served  its  purpose. 

In  dealing  with  commmuted  fractures  with  irreducible  displacement, 
after  extension,  manipulation,  anesthesia,  and  tenotomy  have  failed,  the 
same  genera!  principles,  stated  above,  apply.  Here  the  surgeon  often 
ha.s  to  do  with  loose  fragments  of  bone  which  have  become  entirely 
sujwrated,  and  often  so  displaced  as  to  form  the  chief  impediment  to 
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reduction.     Such  fragments  should  usually  be  removed.     If  replaced 

and  allowed  to  rumain,  their  tendency  is  to  become  exfoliated,  though 
this  tendency  is  being  overcome  by  the  perfection  of  surgical  technic. 
After  the  removal  of  a  large  fragment  of  bone  from  the  leg  or  fore- 
arm, the  parallel  bone  prevents  the  bone-ends  coming  together.  In 
such  case  an  equal  amount  may  be  resected  from  the  sound  bone,  if 
the  amount  of  bone  required  to  be  removed  is  not  so  great  as  to 
destroy  llic  usefulness  of  the  muscles.  When  the  gap  i.s  too  great  to  be 
thus  treated,  it  may  be  filled  with  bone  from  a  foreign  source,  or  treated 
by  an  osteoplastic  lengthening  of  the  injured  bone. 

The  involvement  of  a  joint  by  a  fracture  adds  another  element  of 
importance.  As  a  result  of  the  injury  to  the  joint,  there  is  an  intra- 
articular effusion  of  blood  and  scrum,  and  the  traumatic  reaction  about 
the  line  of  fracture  causes  the  formation  of  plastic  exudate  upon  the 
synovial  surface.  For  this  reason,  ankylosis,  due  to  the  adhesions  of 
the  new-formed  plastic  exudate  to  the  opposing  synovial  surface,  is 
prone  to  develop  when  the  joint  is  kept  immobilized  for  any  con- 
siderable time.  Moreover,  motion  of  the  joint  immediately  after  the 
injury  increases  the  amount  of  exudate  and  effusion,  and  thus 
increases  the  liability  to  ankylosis.  The  guiding  principle,  there- 
fore, in  the  treatment  of  such  fractures,  is  immediate  and  complete 
immobilization,  and  thereafter,  carcfullj'  applied  pa.ssive  motion  as 
soon  as  the  traumatic  reaction  has  subsided,  and  the  consolidation 
of  the  fracture  has  become  sufficiently  advanced  to  hold  the 
fragments  securely  together.  The  early  application  of  the  ice-bag 
will  diminish  the  effusion  of  fluid  into  the  joint.  Evenly  applied  press- 
ure by  means  of  a  flannel  bandage  has  the  same  eflcct,  but  is  less 
desirable  during  the  first  few  days.  Later,  at  the  end  of  one  or  two 
weeks,  when  the  acute  reaction  has  subsided,  massage,  heat,  and  press- 
ure will  hasten  the  removal  of  the  effused  fluid.  If  the  amount  of 
fluid  is  very  great,  or  if  these  methods  fail  to  cause  its  absorption,  the 
Joint  must  be  aspirated,  or  incised  and  cleaned  out  if  the  distention  is 
due  to  blood-clot.  When  immobilizing  such  a  joint,  the  surgeon  should 
always  have  in  mind  the  pos.sibility  of  the  danger  of  ankylosis  ;  and, 
when  consistent  with  the  treatment  of  the  fracture  itself,  he  should  place 
the  joint  in  such  a  position  as  shall  render  the  limb  the  most  useful 
should  this  untoward  result  occur.  Ankylosis  should  later  be  over- 
come by  carefully  applied  pa.ssive  motion. 

The  treatment  of  compound  fractures  is  ba.sed  upon  the  same 
principles  as  govern  the  treatment  of  wounds,  plus  the  principles 
which  have  already  been  laid  down  for  the  treatment  of  fractures. 
Some  of  the  salient  points  of  these  two  conditions  may  be  briefly 
mentioned.  If  a  temporary  dressing  is  to  be  applied,  the  wound  should 
be  irrigated  by  introducing  between  its  lips  an  irrigating  point  and 
washing  it  out  with  a  i  :  2O00  sublimate  or  other  antiseptic  solution. 
Over  this  should  be  placed  a  copious  moist  dressing  of  gauze  wrung 
out  in  the  same  solution,  followed  by  the  temporary  splint.  After 
the  patient  has  been  removed  to  the  place  for  further  treatment 
— preferably  the  hospital  operating-room — and  placed  upon  the  table, 
the  region  about  the  wound  should  be  exposed  widely.  In  the  more 
severe  cases  requiring  considerable  manipulation,  it  is  best  to  administer 
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a  general  anesthetic  before  the  temporary  splint  is'  removed.  If  the 
fracture  is  one  of  the  leg.  it  should  be  rested  upon  a  sand-bag,  which 
can  be  made  to  conform  in  shape  to  the  posterior  contour  of  the  limb. 
The  surrounding  field  should  be  covered  with  .sterihzed  towels,  A  bit 
of  gauze  should  be  held  against  the  wound  while  the  whole  leg  is 
tlioroughly  scrubbed  with  soap  and  water,  shaved,  and,  especially  the 
region  just  about  the  wound,  cleansed  with  ether  and  a  1  :  looo 
solution  of  sublimate.  The  wound  should  again  be  thoroughly  irri- 
gated with  antiseptic  solution,  and  its  extent  and  the  character  of  tlie 
fracture  explored. 

If  the  injury  to  the  soft  parts  is  but  slight,  the  displacement  of 
bone  inconsiderable,  and  the  amount  of  hemorrhage  and  effusion  small, 
the  wound  may  bu  partly  sutured,  leaving  always  a  liberal  opening  for 
drainage.  Into  this  may  be  introduced  a  strip  of  sterilized  gauze,  and 
the  whole  covered  with  a  moist  sterile  gauze  compress.  In  no  case  is 
it  recommended  to  seal  the  wound  of  a  compound  fracture  hermetically. 

Should  the  examination  show  that  there  is  considerable  injury  to  the 
soft  tissues,  irreducible  di.splacement,  or  the  presence  of  foreign  matter, 
the  surgeon  should  freely  enlarge  the  wound,  or  make  such  new  wounds 
as  shall  give  the  best  access  to  the  seat  of  injury.  There  should  be  no 
timidity  in  multiplying  the  number  of  longitudinal  wounds,  for  in  these 
ca.ses  abundant  provision  for  drainage  is  most  desirable.  It  often 
becomes  necessary  to  repair  ruptured  muscles,  tendons,  and  nerves,  or 
to  ligatc  blood-vessels.  All  foreign  material  should  be  remo\ed  with 
most  scrupulous  exactness,  frayed  and  damaged  bits  of  fascia  and  muscle 
should  be  cut  awaj-,  and  loose  fragments  of  bone  should  be  removed, 
the  bone  being  dealt  with,  if  necessary,  by  the  methods  of  direct 
fixation  described  above.  In  clcsing  the  wounds,  the  provisions  for 
drainage  should  be  abundant.  It  is  well  in  these  more  severe  cases  to 
apply  a  large  absorbent  dressing,  and  immobilize  the  bone  by  a  tem- 
porary splint.  At  the  end  of  four  or  si.x  days — sooner  or  later,  varying 
with  the  degree  of  the  patient's  temperature  and  other  signs — this 
splint  should  be  removed  and  the  wound  dressed.  Drainage-tubes 
should  be  irrigated  through  and  through  to  insure  their  patencj',  and 
gauze  drains  should  be  renewed  or  removed.  From  this  time  on  the 
surgeon  should  be  guided  in  the  dispensing  with  drainage,  in  the 
shortening  of  drains,  in  the  instituting  of  new  drainage,  in  the  appHca- 
tion  of  secondarj'  sutures,  and  in  the  management  of  the  wound  by 
the  general  principles  for  the  treatment  of  wounds. 

At  as  early  a  stage  as  possible  a  permanent  splint  should  be  applied, 
with  suitable  prousion  for  dressing  the  wound  without  removing  the 
splint  A  small  dry  dres.'sing,  quadrilateral  in  shape,  having  been 
applied,  and  the  dressing  covered  with  the  impervious  oiled  muslin  of 
the  shops,  the  pla.stcr  cast  should  be  put  on  over  all.  Before  the  plas- 
ter has  become  thoroughly  hardened,  a  fenestrum.  outlining  the  dress- 
ing, should  be  cut.  The  oiled  muslin  should  then  be  cut  through  and 
reflected  back  over  the  four  edges  of  the  fenestrum  in  such  a  way  as  to 
prevent  the  moisture  of  the  dressings  softening  the  plaster. 

If  more  than  one  fenestrum  is  required,  or  if  the  fenestrum  must 
involve  more  than  half  of  the  circumference  of  the  spHnl,  it  should  be 
strengthened  by  incorporating  into  it  a  strip  of  basswood  or  a  metal 
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bar.  The  same  end  can  be  accomplished  by  introducing  an  iron  bar 
which  passes  down  as  far  as  the  fenestrum  and  then  leaves  the  plaster 
bandage  and  curves  over  the  opening  to  re-enter  it  below. 

Three  conditions  arising  in  compound  fractures  justify  immediate 
amputation — injury  to  the  biood-vessels  so  great  as  to  cause  the  death 
of  the  part,  uncontrollable  suppuration,  and  wide  loss  of  bone-sub- 
stance. It  is  often  evident  at  the  first  examination  that  the  injury  to 
the  vessels  has  been  so  great  that  the  parts  below  the  wound  must 
become  gangrenou-s.  In  such  cases  the  extremity  is  found  to  be  cold 
and  to  present  a  gradually  increasing  livid  color.  The  main  vessels 
may  be  found  to  be  divided  or  thrombosed.  Pressure  upon  the  skin 
or  nails  docs  not  show  the  return  of  blood  into  the  capillaries  of  the 
area  from  which  it  was  expressed.  In  such  cases  amputation  should 
be  done.  On  the  other  hand,  examination  may  show  the  extremity 
to  be  cold  and  the  main  vessel  pulseless,  but  if  all  the  signs  of  death 
of  the  part  are  not  present,  the  surgeon  should  endeavor  to  save  the 
limb,  inflicting,  as  he  proceeds  with  the  examination  and  dressing,  the 
least  possible  traumatism,  and,  finally,  applying  the  bandages  as  loosely 
as  possible.  In  all  cases  an  effort  should  be  made  to  preserve  the 
extremitj-,  unless  it  is  unquestionably  beyond  saving.  Nor  even  then 
is  immediate  amputation  always  called  for.  If  the  patient  is  suffering 
from  shock,  extreme  depression,  or  anemia,  or  if  other  conditions  are 
present  which  render  the  continuation  of  operative  procedure  extra- 
hazardous, the  parts  should  be  thoroughly  cleansed,  hemostasis 
secured,  a  large,  moist,  antiseptic  dressing  apph'ed,  and  further  opera- 
tion deferred.  If  circular  compression  is  used  to  control  the  hemor- 
rhage previous  to  amputation,  it  should  be  applied  as  low  down  as 
possible,  preferably  directly  over  the  wounds,  as  the  vitalitj'  of  the 
tissues  below  the  pressure  is  greatlj'  imjKured,  and  flaps  invohing  such 
tissue  are  prone  to  slough. 

When  in  a  compound  fracture,  notwithstanding  free  and  wide  inci- 
sions, abundant  drainage,  and  irrigation,  because  of  some  constitutional 
or  local  condition,  uncontrollable  suppuration  persists,  and  septicemia 
threatens  the  life  of  the  patient,  amputation  well  above  the  suppurating 
area  should  be  performed.  The  same  operation  is  necessary  when, 
through  local  disturbance  to  the  blood-supply,  suppuration  causes  a 
gangrene  of  the  extremity.  Amputation  is  also  indicated  in  cases  in 
which  there  is  so  much  destruction  of  bone  that,  in  order  to  bring  the 
bone-ends  together,  the  limb  must  be  shortened  to  such  a  degree  and 
the  soft  tissue  so  folded  as  either  to  render  the  limb  less  useful  than  an 
artificial  substitute,  or  to  give  rise  to  gangrene  because  of  obstruction 
to  the  drcuiation  through  angulation  of  the  vessels.  In  cases  such  as 
this  an  effort  should  be  made  to  ."^ve  the  limb  by  means  of  an  osteo- 
plastic operation  or  by  the  transplantation  of  bone  to  fill  the  defect 
Among  the  greatest  triumphs  of  modem  surgen,'  are  the  saving  of 
limbs  which  are  the  seat  of  a  comiwund  fracture. 

Although  c\-eT>'  effort  should  be  made  in  the  line  of  conservative 
surgerj'.  still  there  is  a  fourth  class  of  cases  in  which  amputation  is 
indicated  These  are  the  cases  in  which,  in  order  to  prescr\-c  the  limb, 
a  \Tcr>'  long  .»nd  trying  period  of  treatment  must  elapse,  with  continu- 
ous suppumtion  and  confinement,  all  oT  which  must  hax'c  a  depressing 
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effect  upon  the  health  of  the  patient,  and  end  in  securing  only  an 
imperfect  limb.  The  age,  sex.  and  occupation  of  the  patient,  the  loca- 
tion of  the  injury,  and  the  adaptability  of  prosthetic  apparatus  to  the 
|xirticu!ar  part,  should  be  taken  into  consideration  ;  and,  finally,  with  a 
full  understanding  of  the  case,  the  patient  himself  may  be  called 
upon  to  elect  the  course  which  shall  be  followed. 

Complications. — By  the  comphcations  of  fracture  are  understood 
the  less  characteristic  symptoms,  or  the  rarer  conditions  which  may 
arise,  but  which  do  not  occur  with  sufficient  frequency  to  be  regarded 
as  symptoms. 

Immediate  Complications. — Comminution,  impaction,  and  disloca- 
tion may  be  mentioned  as  complications.  Injuries  to  the  soft  parts — 
muscles,  viscera,  vessels,  and  nerves — often  demand  special  treatment. 
Lacerated  muscle  often  requires  suturing;  pulpified  muscle  should  be 
cut  away.  Injuries  to  the  viscera,  such  as  the  brain  in  fractures  of  the 
skull,  and  the  bladder  in  fractures  of  the  pelvis,  are  dealt  with  accord- 
ing to  rules  laid  down  el.sewhere.  Large  blood-ves.sels  are  frequently 
lacerated  either  by  the  force  which  causes  the  fracture  or  by  a  sharp 
edge  of  bone  from  within.  Such  laceration  may  give  rise  to  an  exten- 
sive effusion  of  blood  into  the  tissues,  showing  itself  in  the  form  of 
swelling  and  discoloration  or  localized  hematoma.  If  the  swelling  Is 
considerable,  or  if  the  pressure  from  the  extravasated  blood  is  so  great 
as  to  hinder  the  circulation  materially  in  the  limb  beyond,  the  vessel 
should  be  exposed  and  the  bleeding  point  ligated.  Traumatic  aneurysm 
and  aneurysmal  varix  are  thus  sometimes  associated  with  fractures. 
laceration  of  lymphatic  trunks  causes  a  localized  lymph-edema  which 
may  require  surgical  treatment.  The  pressure  of  displaced  bone 
against  the  vessels  may  impede  the  circulation  to  such  a  degree  as  to 
threaten  gangrene.  Injury  to  the  nerves  at  the  time  of  fracture  is  no 
uncommon  complication.  It  may  be  in  the  form  of  laceration,  com- 
pression, or  stretching  of  the  nerve.  All  of  these  are  accompanied 
with  pain  and  more  or  less  disturbance  in  the  parts  beyond.  If  paral- 
ysis is  present,  and  the  traumatism  has  been  great  enough  to  have 
caused  laceration,  though  the  examination  shows  no  evidences  of  press- 
ure as  a  cause  of  the  paralysis,  the  surgeon  is  justified  in  exposing  the 
nerve  with  the  view  of  discovering  the  character  of  its  injurj',  and 
suturing  the  ends  if  laciration  is  discovered. 

Mediate  Complications. — The  mediate  or  later  complications  are 
those  which  may  come  on  any  time  during  the  process  of  healing. 
They  constitute  a  large  catalogue  of  widely  different  condition.s. 

The  pressure  from  the  effusion  of  serum  may  be  so  great  as  to  ob- 
struct the  circulation  to  such  a  degree  that  gangrene  of  the  parts  beyond 
is  threatened.  Such  extreme  swelling  may  be  relieved  by  multiple 
longitudinal  incisions,  allowing  the  serum  to  escape,  followed  by  eleva- 
tion of  the  limb.  After  a  limb  has  been  bandaged  for  a  long  time, 
edema  is  observed  on  the  removal  of  the  bandage  becau.se  of  the  vaso- 
motor paralysis.  The  vessels  gradually  regain  their  tone,  however, 
and  the  swelling  sub.sides.  Usually  the  edema  due  to  fracture  does 
not  call  for  any  special  treatment.  The  firmly  and  evenly  applied 
bandage  from  the  toes  or  fingers  up  usually  suffices  to  control  the 
swelling.     The  sooner  and  the  more  firmly  a  fracture  is  immobilized. 
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the  less  will  be  the  swelling.  This  is  a  rule  which  the  surgeon  should 
always  have  in  mind. 

Inflammatory  swelling  is  amenable  to  the  treatment  described  else- 
where. Ulceration,  sloughing,  and  gangrene,  due  to  the  constriction 
of  bandages  or  pressure  of  splints,  are  dangers  always  to  be  guarded 
ayainst.  Dressing  materials  should  never  be  wound  circularly  about 
a  limb,  but  .should  be  applied  lightly  in  folds  or  longitudinally.  The 
bandage  which  holds  the  dressings  should  never  be  tighter  than  the 
flannel  bandage  beyond.  The  tips  of  the  fingers  and  toes  should 
always  be  left  exposed,  in  order  that  the  condition  of  their  circulation 
may  be  observed.  It  should  always  be  borne  in  mind  that  the  shock 
which  a  fractured  limb  has  received  has  diminished  its  vitalitj'.  Patients 
suffering  with  diabetes  are  especially  liable  to  gangrene  following  fract- 
ure, as  are  those  with  atheromatous  vessels  and  cardiac  disease.  When 
gangrene  appears,  the  surgeon  .should  determine  its  cause;  and  when 
this  is  not  removable,  the  further  treatment  must  depend  upon  the 
absence  or  presence  of  infection.  Thrombosis  occurring  in  a  large 
vascular  trunk,  as  the  result  either  of  traumatism  to  the  inner  coat  of 
the  vessel  or  of  inflammation  extending  thereto,  is  a  prolific  cause  of 
gangrene.  Thrombosis  occurring  in  a  vein  may  be  the  cause  of  edema 
or  of  gangrene. 

Fat-embolism  is  a  condition  peculiar  to  fractures,  and  comes  on  about 
the  third  day.  It  is  due  to  the  liberation  of  fat  from  the  medulla  of 
the  broken  bone,  its  entrance  into  the  torn  veins,  and  its  transmis- 
sion through  the  circulation  to  the  various  organs  of  the  body.  Ag- 
gregations of  globules  of  fat  are  found  plugging  capillaries  of  the 
lungs,  brain,  kidneys,  and  other  organs.  So  long  as  the  infarctions 
thus  produced  are  not  infective,  or  do  not  shut  oft"  the  blood-supply 
from  any  considerable  part  of  a  vital  organ,  as  is  usually  the  case,  the 
occurrence  is  of  little  moment.  Rarely,  however,  a  cerebral  vessel  of 
considerable  size  or  a  large  number  of  smaller  vessels  thus  become 
obstructed,  and  the  patient  dies  u.sually  about  the  fourth  day.  It  is 
probable  that  in  every  fracture  some  fat  enters  the  circulation.  The 
cases  with  severe  comminution  arc  those  in  which  the  condition  is 
most  apt  to  be  of  a  serious  character.  Dyspnea,  Cheyne-Stokes  res- 
piration, and  the  signs  of  cerebral  embolism  have  been  observed  in 
these  cases.  Blood-embolism  originates  by  a  thrombus  being  swept 
loose  from  a  vein  at  the  seat  of  fracture,  carried  to  the  heart,  and 
thence  thrown  into  the  pulmonarj'  circulation.  In  the  ca.ses  in  which 
this  accident  has  occurred,  the  first  sign  was  the  sudden  appearance  of 
extreme  dyspnea  about  the  third  week  after  the  injury.  When  the 
embolus  has  been  large  enough  to  plug  a  pulmonary  trunk  of  con- 
siderable size,  the  patient  has  died  a  few  moments  after  the  attack 
began. 

Muscular  spasm,  which  has  already  been  spoken  of  among  the 
symptoms  of  fracture,  often  persists  during  the  period  of  treatment, 
and  requires  to  be  overcome  by  constant  traction  or  some  of  the 
methods  described  above.  Other  complications  are  acute  osteomye- 
litis and  suppurative  osteitis.  Necrosis  of  bone  is  a  common  compli- 
cation in  compound  fractures.  This  is  often  manifested  in  the  form 
of  a  superficial  exfoliation  of  thin  plates  or  spicules  of  bone.     Two 
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conditions  usually  contribute  to  this — denudation  of  the  bone  of  peri- 
osteum, and  the  presence  of  suppuration.  Sometimes  the  necrosis 
involves  the  whole  thickness  of  the  bone;  often  the  two  ends  of  the 
fragments  become  exfoliiited.  When  it  is  evident  to  the  surgeon,  from 
the  while  appearance  of  an  area  of  bone,  from  its  failure  to  give  rise  to 
granuiation-tissue  or  to  become  attached  to  the  surrounding  structures, 
that  a  particular  part  of  the  bone  has  become  devitalized,  he  may  know 
that  the  wound  which  is  connected  with  it  will  continue  to  discharge 
until  the  dead  portion  has  become  exfoliated  by  the  slow  natural  proc- 
esses or  until  it  has  been  removed  by  artificial  means.  In  order  to 
hasten  the  healing  in  such  cases,  the  diseased  bone  may  be  chiselled 
or  sawed  away  until  healthy  bone,  as  evidenced  by  the  color  or  by  the 
bleeding,  is  exposed. 

Stiffness  of  joints  occurs  as  a  result  of  prolonged  immobilization, 
involvement  of  the  joint  in  the  fracture,  or  from  extra-articular  mechan- 
ical causes.  The  time  required  for  a  joint  to  regain  its  suppleness 
after  prolonged  immobilization  varies  greatly  with  different  circum- 
stances. At  the  best  it  is  always  a  matter  of  considerable  time,  and  is 
greatly  delayed  in  the  case  of  old  and  rheumatic  persons.  The  gen- 
eral rule  of  liberating  joints  from  confinement  by  shortening  or  remov- 
ing .splints  as  soon  as  possible  should  be  followed.  Gradually  applied 
passive  and  active  motion  should  be  instituted  in  all  cases  as  early  as 
the  other  conditions  will  permit.  In  this,  massage  is  a  most  valuable 
measure.  Atrophy  of  t/u-  limb  occurs  in  all  fractures  involving  these 
members,  chiefly  as  the  result  of  disuse.  From  this  cause  it  often 
happens  that  a  plaster  bandage  which  at  first  was  snug  becomes  so 
loose  that  it  is  no  longer  adequate  for  the  perfect  immobilization  of  the 
limb.  The  atrophy  involves  not  only  the  muscular  tissue,  but  the  con- 
nective tissue  as  well,  and  the  diminution  in  the  blood-supply,  and  hence 
the  lessened  amount  of  fluid  in  the  limb,  makes  the  atrophv  seem 
even  more  pronounced.  When  the  limb  is  again  brought  into  use, 
the  atrophy  gradually  disapjjears.  The  affected  tissue  may  be  more 
quickly  restored  to  its  normal  condition  by  the  application  of  mas- 
sage. Pain  about  the  seat  of  fracture  or  along  the  distribution  of  a 
nerve  may  be  a  continuation  of  that  symptom,  or  it  may  be  due  to  the 
involvement  of  a  nerve  in  callus  or  in  inflammatory  exudate,  or  to  the 
pressure  from  some  of  the  above-described  pressure-producing  condi- 
tions. Paralysis  of  muscles  below  the  fracture  is  due  to  the  same  causes. 
The  treatment  consists  in  relieving  the  nerve  from  pressure.  Often 
this  can  be  accomplished  only  by  cutting  down  upon  the  nerve  and 
freeing  it  from  the  compressing  tissue,  or  by  removing  the  bony  promi- 
nence which  may  be  pres.sing  against  it. 

Excessive  callus  or  exccssi'.'c  nr.f  connectrz't'-tissne  deposit  is  a  condi- 
tion resulting  from  imperfect  immobilization  or  severe  comminution. 
It  is  often  found  about  the  femur  and  humerus,  because  of  the  difficulty 
in  thoroughly  immobilizing  these  bones.  It  is  brought  about  by  the 
repeated  breaking  and  straining  of  the  newly  formed  circulatory  chan- 
nels. As  a  result  of  these  traumatisms,  new  plastic  material  is  poured 
out.  and  the  surrounding  muscles,  and  even  tendon -sheaths,  nerves, 
and  vessels,  become  infiltrated  with  young  connective-tissue  cells.  The 
swelling  and  induration  thus  produced  often  give  rise  to  the  suspicion 
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of  malignant  tumor  developing  at  tlie  seat  of  fracture,  and  microscopic 
examination  of  such  tissue  requires  very  careful  study  to  difTcreiitiate 
it  from  certain  forms  of  small  round-cell  sarcoma.  The  heah'ng  of  a 
fracture  of  the  femur,  for  example,  may  have  progressed  to  a  state  of 
apparently  satisfactory  consolidation  ;  the  patient  is  allowed  to  use  the 
limb  prematurely;  he  complains  suddenly  of  pain  and  a  feeUng  of 
weakness  in  the  affected  part;  swelling  about  the  callus  begins,  and 
in  the  course  of  a  few  days  the  callus  seems  to  have  become  greatly 
enlarged.  This  is  the  picture  of  re-fracture  or  gi\'ing  way  of  a  poorly 
consolidated  callus,  with  the  subsequent  pouring  out  of  an  excessive 
pr  compensatory  plastic  exudate.  Here  again  the  statement  may  be 
made  that  the  more  perfect  the  immobilization  of  a  fracture  and  the 
sooner  immobilization  is  applied,  the  less  will  be  the  swelling. 

Certain  morbid  grim'ths  appearing  at  the  seat  of  fracture  may  be 
classed  as  complications,  although  usually  such  developments  take 
place  after  full  consolidation  has  been  reached.  It  has  been  shown 
that  sarcoma  of  bone  frequently  has  its  beginning  at  the  seat  of  an 
old  or  recent  fracture.  Arthritis  and  teudosymnntis,  either  traumatic  or 
infective  in  origin,  are  to  be  classed  among  the  complications.  Short- 
ening of  the  limb  can  be  the  result  of  overriding,  of  impaction,  of  loss 
of  substance,  or  of  developmental  defect  following  the  separation  of 
an  epiphysis.  All  the  complications  of  wounds,  including  especially 
suppuration  and  tetanus,  arc  among  the  complications  of  compound 
fractures.  Surgical  emphysema  results  from  the  entrance  of  air  or  gas 
into  the  connective-tissue  spaces.  It  is  usually  found  associated  with 
a  fracture  in  which  there  is  a  wound  of  the  lung,  or  of  some  part  of 
the  respiratory  tract,  or  in  the  region  which  shares  in  the  respiratory 
movements.  Air  thus  admitted  penetrates  the  loose  subcutaneous 
connective  tissue,  and  may  extend  over  a  large  area  of  the  body,  giving 
a  peculiar  crackling  and  crepitating  sensation  upon  pressure.  Certain 
gas-producing  micro-organisms  cause  a  similar  phenomenon  after  gain- 
ing access  to  a  wound. 

Hypostatic  congestion  of  the  lungs,  bed-sores,  inhibition  of  the 
function  of  the  excretory  organs,  suppression  of  urine,  retention  of 
urine,  are  complications  commonly  found  in  old  or  debilitated  persons. 
These  arc  the  special  dangers  which  threaten  the  old,  and  render  con- 
finement in  bed  a  matter  of  great  hazard.  In  such  cases  every  effort 
should  be  made  to  carry  on  the  treatment  in  such  a  way  that  the 
patient  may  not  be  kept  constantly  in  the  dor.sal-recumbent  position. 
It  is  much  better  surgery  to  be  satisfied  with  a  less  perfect  local  result, 
and  preserve  the  patient,  than  to  allow  technical  zeal  to  strive  for  a 
perfect  cure  of  the  fracture  at  the  cost  of  the  patient's  life. 

Delirintn  tremens  is  prone  to  occur  in  persons  who  have  habitually 
taken  alcohol,  and  who  for  some  reason  are  compelled  to  remain  for  a 
considerable  length  of  time  in  the  recumbent  position.  Traumatic 
delirium  ox  delirium  tien'osum  is  a  condition  of  nervous  excitement  fol- 
lowing injuries  observed  in  neurotic  persons.  Cruteh- paralysis  is  one 
of  the  later  complication-i.  It  ari.ses  from  the  pressure  of  a  crutch 
upon  the  nerves  in  the  axilla,  producing  paralysis  of  the  muscles  of  the 
arm. 

Besides  the  immediate  and  mediate  complications,  there  are  certain 
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ktcr  complications  which  arc  observed  after  the  fracture  has  united 
and  treatment  has  been  discontinued.  The  gradual  apjiearance  of 
deformity  at  the  scat  of  fracture,  resulting  from  instability  or  softening 
of  the  callus,  requires  reimmobilization  or  treatment  for  faulty  union. 
Persistent  atrophy  may  be  due  to  continued  disuse,  nerve- disease,  cir- 
culatory disturbance,  joint-anWylosis,  or  to  retarded  deveiopment  sub- 
sequent to  the  separation  of  an  epiphysis.  Neuralgia  sometimes  per- 
sists as  the  result  of  pressure  upon  a  sensory  nerve  or  infiltration  of 
the  nerve  with   new  connective  tissue. 

Faulty  or  vicious  union  results  from  the  absence  of  treatment  of 
fractures,  or  when  consolidation  has  been  allowed  to  take  place  with 
the  fragments  not  in  normal  apposition.  It  may  occur  a.ssociated  with 
any  of  the  forms  of  displacement.  The  usefulness  and  symmetiy  of  a 
limb  may  thus  be  greatly  impaired,  and  symptoms  arising  from  press- 
ure upon  vessels  and  nerves  may  be  produced.  If  the  deformity  Is 
near  a  joint,  the  function  of  the  joint  is  impaired.  If  the  deformity  is 
but  shght.  the  impairment  of  function  inconsiderable,  and  the  patient 
satisfied  with  the  result,  no  treatment  need  be  urged.  In  the  more 
extreme  cases  the  bone  should  be  refractured,  the  deformity  corrected, 
and  the  treatment  of  the  fracture  begun  anew.  Within  the  first  few 
weeks  the  refracture  of  a  bone  with  angular  deformity  is  a  simple 
matter;  but  when  the  fracture  is  old,  or  situated  near  a  joint,  or  has 
healed  with  overriding,  great  care  is  required.  The  bone  may  be 
broken  by  simple  manual  force;  but  it  is  well  to  bind  splints  firmly  to 
the  limb  above  and  below  the  point  where  it  is  desired  to  make  the 
break,  in  order  to  localize  the  strain.  The  bone  should  be  broken  by 
a  quick,  strong  force,  rather  than  by  a  gradually  increasing  force.  The 
in.strument  known  as  the  osteoclast  may  be  used  with  advantage  in 
some  cases.  The  most  exact  treatment  is  bj-  osteotomy.  This  may 
be  done  by  a  subcutaneous  operation  in  the  more  simple  cases,  or  by 
the  Ojien  method  in  cases  with  overriding  of  the  fragments.  It 
often  becomes  necessary  to  resect  a  portion  of  the  bone  before  a  per- 
fect reposition  can  be  accomplished. 

Delayed  Union.- — ^Thc  term  delayed  union  is  applied  to  those  cases 
in  which,  though  the  processes  which  bring  about  union  are  going  on, 
the  production  of  o.ssification  in  the  callus  is  slow.  It  is  a  retardation 
of  the  repar.itive  process,  whereby  the  bone  is  united  by  unossified  or 
imperfectly  ossified  connective  tissue  or  callus.  Imperfect  immobiliza- 
tion, too  early  mobilization,  overriding,  and  separation  of  the  fragments 
,are  important  etiological  factors.  Local  inflammation  in  compound 
fractures  is  a  common  cause  of  delayed  union.  It  may  be  due  to 
certain  constitutional  disturbances,  such  as  the  slow  production  of 
plastic  material  at  the  seat  of  fracture  from  local  or  general  nutritive 
defects,  or  to  the  stow  ossification  of  the  callus  from  a  i>overty  of  lime- 
salts. 

The  treatment  of  delayed  union  consists  first  in  removing  any  dis- 
coverable cause.  The  local  nourishment  should  be  improved  by  increas- 
ing the  blood-supply.  This  may  be  done  by  improving  the  patient's 
general  condition.  The  fracture  being  perfectly  immobilized,  the  patient 
should  be  encouraged  to  go  about  as  much  as  possible.  The  local 
blood-supply  may  be  increased  by  irritation.     This  is  accomplished  by 
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hammering  the  region  of  the  fracture  each  day  with  a  paddt;d  wooden 
hammer  or  witli  a  hammer  of  paraffin  or  wax.  The  application  of  the 
electric  current  is  of  questionable  value.  BUstering  and  cauterization 
over  the  fracture  are  of  very  little  value.  Good  results  are  secured  by 
driving  into  the  bone-ends  pegs  of  bone,  which  arc  allowed  to  remain 
in  situ.  The  bones  may  be  bored  or  punctured  in  several  places  with- 
out leaving  in  any  pegs,  A  most  valuable  means  of  arousing  liyperemic 
reaction  is  to  break  asunder  forcibly  the  fibrous  attachment  by  flexion 
and  rotation,  followed  by  rubbing  the  bone-ends  together.  This  should 
be  done  under  general  anesthesia.  If  necessary,  the  operation  should 
be  repeated  till  pain,  tenderness,  and  considerable  swelling  have  appeared. 
Another  plan  is  to  drive  the  bone-ends  forcibly  together  to  the  degree 
of  producing  impaction.  After  sufficient  irritation  has  been  produced 
by  these  measures,  the  limb  should  be  thoroughly  immobilized.  Six 
months  is  not  too  long  a  time  to  give  to  securing  consolidation. 

Fibrous  or  ligamentous  union  consists  in  the  connection  of  the 
bone-ends  by  means  of  unossified  fibrous  connective  tissue,  which  per- 
mits more  or  less  motion  between  the  fragments.  It  is  unremedied 
delayed  union,  and  may  be  due  to  any  of  the  causes  which  produce 
delayed  union.  The  interposition  of  soft  tissue,  such  as  muscle,  fascia. 
and  blood-clot,  between  the  fragments  is  one  of  the  most  prolific  cau.ses 
of  this  accident.  When  the  treatment  for  delayed  union  has  been 
unsuccessful,  and  when  there  seems  to  be  no  tendency  to  os.sification, 
or  if,  for  some  reason,  a  more  speedy  and  certain  cure  would  be  arrived 
at,  more  radical  operative  measures  are  justified.  The  bone  should  be 
cut  down  upon,  the  intervening  tissue  removed,  the  fragments  freshened 
by  sawing  off  the  ends,  and  the  freshened  bone-surfaces  brought 
together.  It  is  often  found  that  the  bone  near  the  fracture  has  become 
atrophied  and  porous.  When  this  condition  exists,  the  periosteum 
should  be  stripped  away  from  the  bone,  but  left  attached  to  the  sur- 
rounding tissue ;  the  most  softened  part  of  the  degenerated  bone  should 
then  be  cut  away.  It  sometimes  occurs  that  there  is  so  great  a  destruc- 
tion of  bone  that  a  considenible  space  is  left.  It  may  be  necessary  to 
fill  this  by  an  osteoplastic  operation,  or  by  the  transplantation  of  bone. 
Finally,  there  are  cases  of  old  fibrous  union  in  which  the  very  slight 
motion  docs  not  materially  impair  the  usefulness  of  the  limb.  These 
cases  need  no  treatment. 

The  constant  rubbing  together  of  the  fibrous  covered  ends  of  the 
bones  sometimes  results  in  the  formation  of  a  bursal  sac  between  the 
fragments.  Thus  a  new  joint  is  formed,  in  which  the  connective  tissue, 
representing  the  unos.sified  callus,  forms  the  capsular  ligament.  If 
operative  treatment  is  indicated,  the  new  joint-sac  must  be  removed, 
and  the  treatment  proceeded  with  upon  the  lines  laid  down  above. 
Non-union  is  a  comparatively  rare  condition  in  which  little  or  no 
reparative  action  has  taken  place.  In  this,  the  bone-ends  are  found  not 
connected  by  any  new-formed  tissue  whatever,  but  lie  free  in  the  sur- 
rounding soft  structures  without  having  excited  any  reparative,  exuda- 
tive reaction.  It  may  be  due  to  the  causes  which  contribute  to  delayed 
union  and  fibrous  union,  but  is  more  dependent  upon  malnutrition. 
The  treatment  is  the  .same  as  that  for  delayed  union,  followed,  if  neces- 
sary, by  the  treatment  which  is  applied  for  ligamentous  union. 
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Intra-uterine  fractures  are  of  surgical  importance  chiefly  from  the 
Etandpoint  of  vicious  union  and  developmental  defects.  Tliey  are  due 
to  traumatisms  to  the  child-containing  uterus  and  to  uterine  contrac- 
tions.    The  predisposing  causes  arc  syphilis,  osteitis,  malnutrition,  and 

malformations. 

SPECIAL  FRACTURES. 

The  Nose. — The  projecting  bony  and  cartilaginous  framework  of 
the  nose  is  the  frequent  seat  of  fracture,  caused  by  the  direct  violence 
of  blows  received  by  it  or  of  falls  upon  it.  The  damage  su.stained  may 
be  of  every  degree  of  severity,  from  simple  diastasis  and  deflection  of 
the  cartilaginous  .septum,  or  fracture  of  the  thin  projecting  edge  of  a 
nasal  bone,  to  much  comminution  and  marked  depression  of  the  whole 
bony  arch,  with  fracture  of  the  perpendicular  and  cribriform  plates  of 
the  ethmoid.  While  the  more  serious  and  extensive  injuries  are  usually 
recognizable  on  sight  by  the  marked  deformities  which  they  produce, 
the  slighter  injuries  are  not  infrequently  overlooked,  being  masked  by 
swelling  of  the  overlying  soft  parts ;  and  not  till  after  this  has  sub- 
sided is  it  appreciated  that  consolidation  of  malposed  fragments  has 
already  occurred,  with  [>ermanent  deformity.  As  early  as  possible, 
therefore,  careful  examination  should  always  be  made  of  the  whole 
framework  of  a  nose  which  has  been  subjected  to  violence,  to  detect 
and  remedy  any  displacement  that  may  be  present,  since  even  slight 
deviations  from  its  normal  contour  or  direction  inevitably  produce 
notable  permanent  di.sfigurement,  and  unrelieved  deviations  of  the 
septum  not  only  entail  deformity  of  the  nose,  but  may  lead  to  subse- 
quent chronic  di.sea.se  of  the  nasal  passages  by  rca.son  of  the  inter- 
ference which  they  produce  with  the  freedom  of  the  respiratory  current 
through  the  side  toward  which  they  project. 

The  triangular  cartilage  of  the  septum  may  be  torn  from  its  bony 
attachments  either  posteriorly  or  inferiorly,  or  the  extent  of  the  dias- 
tasis may  involve  both  lines  of  attachment.  Such  an  injury'  results 
from  blows  upon  the  anterior  portion  of  the  nose,  more  especially  in 
children.  A  lateral  cartilage  may  be  torn  away  from  its  attachment 
to  the  edge  of  the  nasal  bone,  with  or  without  injury  to  the  septum. 
Deprived  of  its  natural  support,  such  a  cartilage  tends  to  fall  inward, 
making  the  lower  edge  of  the  nasal  bone  to  appear  as  a  lateral 
prominence. 

The  frocliire  of  ihe  nasal  bone  may  be  a  minot  incident  in  ■  more  eitenave  injury 

iilTolvii^  the  turner  of  the  face  and  orbils.     If  the  nnHil  proce.u  of  a  superior  mniillary 

bone  if  involvc<1,  rvpluri^  and  obatrucLJon  of  Ihc  lacrimal  duct  are  poii&jhie  com  plications. 

In  onr  case  which  came  under  my  ob-^ervatiun.  the  entire  bony  rramewotk  of  the  face  and 

of  ibe  ortiil  on  the  left  side  wa.'  cnwiicd  by  a  mass  of  imn  chain  which  felt  upon  it.  tearing 

■way  ihe  left  eye  and  cheek.      Bolh   nasal  bones  were  fraclured.      In  another  cn.v,  by  the 

kick  of  a  liorte  (he  bonei  of  (he  face  were  separated  from  Ihe  cranium  by  >n  open  line  uf 

Inuture  ihcuugh  the  superior  maiillary,  nasal,  and  ethmoid  bones.      Kven  in  these  cases  of 

r  «xten>ive  and   multiple  injuries  it   is  important  that  the  condition  of  the  n.tsal   bones  be 

1  ■pprecialed  and  the  beit  p<ii>ible   posiliiin  fur   them  secured,  so  that  ihe  ultimate  deformity 

'  nwy  lie  as  slight  as  possible,  for  recovery  from  very  cKlensive  crushing  injuries  of  the  face  ia 

not  infrequent. 

By  far  the  most  frequent  seat  of  fracture  of  the  nasal  bones  proper 
is  at  some  point  along  their  lower  half,  where  they  are  thinnest,  least 
supported  by  other  bones,  and  most  exposed  to  violence  (Fig.  218), 
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According  to  the  location  of  the  fracture  and  the  direction  of  the 
injuring  force,  there  may  be — first,  a  deviation  of  the  fragments  to  one 
side,  with  or  without  special  deprcBsioii  ;  or  second,  a  sinking  in  of  the 
bridge  of  the  nose  with  an  uptihinj^  of  tlie  tip:  or  third,  a  flattening 
and  depression  of  the  tip  witli  broaiiening  of  the  base.  Depression 
of  the  bridge  or  tip  necessarily  involves  fracture  or  displacement  of 


1 


F[C.  ai8.— Fr.iclure  nf  ilip  nasal  bones  (Holfe), 

the  septum.  Comminution  of  the  fragments  is  frequent,  and  so  also  is 
laceration  of  the  cutaneous  or  mucous  covering,  exposing  the  lino  of 
fracture. 

Treatment. — The  reposition  in  their  normal  position  of  displaced 
fragments  of  the  septum  and  bony  arch  of  the  nose  is  to  be  accom- 
plished by  careful  manipulation  by  the  fingers  applied  externally,  aided, 
if  necessary,  by  the  insertion  of  suitable  levers  and  forceps  into  the 
nasal  cavities,  whereby  depres.sed  fragments  may  be  lifted  up  and 
deflected  parts  straightened.  Any  lever  intended  to  press  up  a  nasal 
bone  must  be  quite  thin,  not  more  than  \  inch  in  thickness,  on  account 
of  the  narrow  .space  between  the  bont  and  the  septum.  Such  a  lever, 
of  suitable  thickness  and  length,  may  usually  be  readily  extemporized 
with  a  pocket-knife  out  of  a  .slip  of  wood.  A  pocket-case  director  or 
even  a  hairpin  may  prove  serviceable. 

Not  infrequently  such  impaction  of  the  displaced  fragment  will  exist 
as  can  be  overcome  only  by  the  use  of  considerable  force.  When 
ordinary  means  fail  to  reduce  such  an  impactii^n,  il  would  be  ju.stifiable 
to  drive  a  narrow  chisel  through  the  skin  from  without  underneath  the 
fragment  and  pry  it  up  into  place.  It  may  be  neces.sary  to  place  the 
patient  under  the  influence  of  a  general  anesthetic  to  secure  tolerance 
of  the  necessary  manipulations.  No  hesitation  should  be  felt  in  resort- 
ing to  such  anesthesia  whenever  required  to  facilitate  adequate  exam- 
ination and  proper  adjustment. 

Whatever  displacement  or  deflection  of  tile  septimi  exi.sts  may  best 
be  remedied  by  the  u.se  of  forceps  with  flat  parallel  blades,  by  which 
the  septum  is  seized  and  forcibly  replaced.     Recurrence  of  the  deflec- 
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tion  may  bt  prevented  by  a  tampon  in  tlie  nasal  passage  toward  which 
the  displacement  lends  to  occur,  or  by  fixing  the  septum  in  place  by 
pins  thrust  through  it  from  above  downward  or  from  before  backward, 
in  such  a  manner  as  to  control  the  movable  lacerated  part  and  hold  it 
in  the  required  position  until  healing  has  become  well  advanced. 

This  use  of  fixation-pins  is  preferable  to  the  use  of  intranasal  tam- 
pons, since  the  respiration  is  not  obstructed,  and  opportunities  of 
inspection  and  irrigation  of  the  parts  are  freely  afforded.  The  pins 
used  may  be  the  ordinar>'  steel  toilet-pins  with  glass  heads.  The  point 
may  be  thrust  through  the  anterior  part  of  the  septum,  just  within  the 
nostril,  and  carried  backward  to  be  buried  deeply  in  the  portion  beyond 
the  line  of  fracture ;  or  it  maybe  introduced  through  the  outer  wall 
of  the  nose,  and  carried  downward  by  the  side  of  the  replaced  septum 
until  it  has  become  firmly  engaged  in  the  inlermaxillarj-  suture. 

When  both  nasal  bones  are  comminuted,  and  especially  when  the 
nasal  processes  of  the  superior  maxillar>'  bones  are  also  fractured,  the 
fragments  may  best  be  kept  in  place  by  the  device,  suggested  by 
Mason,  of  passing  a  pin  transversely  through  the  nose  under  the  frag- 
ments, entering  it  in  the  line  of  fracture  in  the  nasal  processes.  A  pin 
so  placed  gives  reliable  and  constant  posterior  support  to  the  fragments. 
Lateral  compression,  if  needed,  can  be  obtained  by  stretching  a  ribbon 
of  rubber  tissue  ^  inch  wide  over  the  bridge  of  the  nose,  either  end  of 
the  ribbon  being  punctured  and  secured  by  an  end  of  the  pin.  Should 
the  line  of  fracture  not  be  sufficiently  symmetrical  on  the  two  sides  of 
the  nose  to  permit  the  passage  of  the  pin  in  the  desired  line,  the 
unbroken  bone  should  be  pierced  with  a  drill  at  the  desired  level,  so 
as  to  permit  the  pin  to  be  carried  through  it.  At  the  end  of  a  week 
consolidation  will  be  sufficiently  advanced  to  insure  the  retention  of 
the  fragments  in  their  propjer  position  without  the  aid  of  the  pin.  so 
that  it  may  then  be  withdrawn. 

In  the  primary  dressing  of  a  compound  comminuted  fracture  of  the 
nasal  bones,  no  fragment  of  bone  should  bo  removed  unless  it  is 
entirely  detached  from  the  soft  parts  and  lies  loose  in  the  wound,  since 
any  loss  of  substance  in  the  framework  of  the  nose  entails  noticeable 
deformity. 

In  occa.sional  instances  some  emphysema  of  the  eyelids  and  face 
results  from  air  forced  into  the  superficial  tissues  in  efforts  at  blowing 
the  nose.  It  calls  for  no  treatment,  for  it  will  subside  spontaneously 
within  a  few  days. 

Malar  and  Stiperior  Maxillary  Bones. — Fractures  of  the  nasal 
process  of  the  superior  maxillary-  bone  have  been  mentioned  in  con- 
nection with  fractures  of  ihc  nose.  More  or  less  of  the  alveolar 
process,  especially  in  front,  may  be  broken  off  by  blows  the  brunt  of 
which  has  fallen  upon  the  mouth.  The  cheek-bones  generally  both 
share  in  the  result  of  any  violence  severe  enough  to  produce  a  fracture 
in  cither,  although  it  is  possible  for  the  orbital  or  zygomatic  process  of 
a  malar  bone  to  be  alone  fractured  by  the  direct  blow  of  a  narrow 
body.  In  the  more  common,  broadly  extended  blows  that  are  received 
upon  the  check,  the  mal.ir  bone  together  with  the  prominent  malar 
proccs.s  of  the  superior  maxillary  bone  receives  the  chief  impact ;  and 
if  the  force  is  a  crushing  one.  according  to  the  direction  of  the  blow  the 
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malar  process  is  broken  across  and  with  the  malar  bone  is  displaced 

backward  into  the  zygomatic  fossa,  or  the  malar  is  driven  inward  into 
the  cavity  of  the  antrum  or  upward  into  the  floor  of  the  orbit.  Exten- 
sive laceration  of  the  overlying  soft  parts  and  much  comminution  of 
bone  often  complicate  such  fractures.  The  flattening  of  the  cheek 
which  results  when  the  cheek-bone  has  been  driven  backward  or 
inward  is  a  deformity  that  is  at  once  recognized  by  both  sight  and  touch ; 
it  declares  plainly  tlie  nature  of  the  injury.  Further  irregularities  of 
bony  outline  may  also  possibly  be  felt  by  the  finger  apphed  to  the  mar- 
gin of  the  orbit  or  to  the  outer  and  posterior  surface  of  the  bones 
accessible  from  the  buccal  cavit>'.  Mobility  and  crepitus  may  also  be 
chcited  whenever  the  fragments  arc  not  immobilized  by  impaction. 
Injuries  to  the  lachrimal  canal  or  to  the  infra-orbita!  nerve,  when  present. 
will  declare  themselves  by  the  special  symptoms  caused  by  interference 
with  their  functions.  Protrusion  of  the  eyeball  may  result  from  the 
encroachment  upon  the  orbit  of  the  displaced  fragment  or  from  hemor- 
rhage into  the  cavity  behind  the  ball.  In  cases  of  backward  displace- 
ment into  the  zygomatic  fossa,  the  movements  of  the  lower  jaw  may 
be  restricted. 

The  character  of  the  treatment  to  be  adopted  will  depend  upon  the 
extent  and  nature  of  the  displacement.  In  cases  in  which  the  displace- 
ment is  slight  and  the  deformity  of  but  little  moment,  if  the  fragment  is 
loose,  it  may  be  restored  to  its  place  by  pressure  of  a  finger  passed 
under  it  through  the  mouth  ;  if  it  is  too  firmly  fixed  by  impaction  to 
be  thus  moved,  the  fracture  may  be  disregarded  and  the  case  treated  as 
one  of  simple  contusion.  If  the  disfigurement  is  considerable,  and 
cannot  be  overcome  by  simple  manipulation,  an  incision  through  the 
skin  should  be  made,  sufficient  to  (>ermit  a  blunt  hook  to  be  passed 
under  the  most  depressed  border  or  process,  by  means  of  which  it 
may  be  lifted  up  into  place;  or  through  a  narrower  puncture  a  gimlet 
or  screw  may  be  driven  into  the  anterior  surface  of  the  depressed 
bone  and  used  to  lift  it  up;  or  the  antrum  may  be  opened  from  the 
mouth  sufficiently  to  permit  the  introduction  of  a  metallic  instrument 
strong  enough  to  force  or  pry  up  into  position  the  depressed  fragment. 
In  open  fractures  the  wounds  of  the  overlying  soft  parts  give  ready 
access  for  such  procedures  to  the  fragments  beneath.  When  the  bones 
are  comminuted,  everj.'  fragment  not  wholly  detached  should  be  pre- 
served with  care,  and  the  parts  moulded  back  into  as  good  shape  as 
possible.  Rapid  repair  is  the  rule  in  these  injuries,  and  the  ultimate 
disfigurement  is  often  far  less  than  could  at  first  have  been  expected, 
even  after  extensive  crushing  injuries,  provided  actual  loss  of  substance 
has  been  avoided. 

Retention  of  the  fragments  in  place  after  reposition  ordinarily  requires 
no  special  provision.  Any  tendency  of  a  fragment  to  drop  downward 
— a  tendency  more  likely  to  be  met  with  in  fractures  involving  the 
alveolar  process — can  be  controlled  by  using  the  lower  jaw  as  a  splint, 
the  lower  jaw  being  immobilized  by  the  head  and  chin  figure-of-8 
bandage.  The  upper  and  lower  dental  arcades  may  be  separated  by  a 
strip  of  gutta-percha  placed  on  cither  side.  These  strips  should  be 
sufficiently  thick  to  .separate  the  jaws  enough  to  permit  of  the  intro- 
duction between  the  teeth  of  liquid  food,  a  suitable  space  between  the 
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Strips  being  left  for  the  purpose.  The  gutta-percha  for  such  interdental 
splints  is  first  softened  by  immerHion  in  hot  water,  and.  while  still  soft, 
is  put  in  place  so  that  it  shall  mould  itself  to  the  irrogularities  of  the 
teeth  and  thus  provide  against  displacement. 

A  very  movable  and  depressed  malar  bone  was  supported  anj 
retained  in  place  by  Abbe  by  means  of  a  drill  passed  through  the  solid 
part  of  the  zygoma.  The  drill  was  withdrawn  after  ten  days,  and  the 
bone  healed  without  deformity. 

The  I^wer  Jaw. —  I  he  exposed  position  of  the  lower  jaw  often 
causes  it  to  receive  vi()ience  sufficient  to  fracture  it.  The  anterior  piirt 
of  the  body  of  the  bnne,  between  the  mental  foramen  and  the  .sym- 
physis, is  the  site  of  the  fracture  in  much  the  larger  projxirtion  of 
instances,  but  no  part  of  the  bone  is  free  Irom  the  possibility  of  fracture. 


Fig.  J19. — Frnclurnl  lower  Jaw.     Phoiograph  of  specimen  ihnwing  mosi  frequenl  location 

«nd  direciioo  "f  (racture.     Inirrnal  and  eiiEtiial  surlaees. 


I 


Complete  fracture  at  two  or  more  points  distant  from  each  other 
is  not  infrequent.     Partial  fractures  involving  the  alveolar  border  are 
verj'  common    from    blows    upon    the   teeth  or  Jn  the  extraction  of  ■ 
teeth.  \ 

In  complete  fractures  of  the  body  of  the  bone  the  line  of  fracture  is 
usually  transverse  to  the  long  axis,  and  with  but  little,  if  any,  antero- 
posterior obliquity,  except  in  fractures  in  the  posterior  half  of  the  body 
of  the  bone,  in  which  region  the  anterior  fragment  is  usually  longer  on^ 
its  inner  side,  and  the  (losterior  fragment  on  its  outer  side.  ■ 

The  comminution  caused  by  gunshot  fractures  produces  multiple 
lines  of  fracture  that  arc  not  susceptible  either  of  cla.s.sification  or  of 
systematic  description. 

The  soft  parts,  both  externally  and  also  within  the  mouth,  are  fre- 
quently so  lacerated  as  to  render  the  fracture  a  compound  one.  Ordi- 
narily there  is  but  slight  displacement  of  the  fragments,  and  what  there 
is  may  be  readily  corrected  by  manipulation.  In  occasional  instances, 
as  the  direct  result  of  the  special  violence  which  has  caused  the  fract- 
ure, a  more  marked  degree  of  displacement  may  exist,  and  the  entan- 
glement of  a  tooth  or  a  bit  of  the  alveolar  process  between  the  frag- 
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ments  or  the  interlocking  of  projecting  serrations  may  render  replace- 
ment in  apposition  more  difficult,  and  may  require  free  exposure  of  the 
line  of  fracture  by  suitable  incision,  in  order  to  detect  and  remedy  the 
cause  of  entanglement.  Fracture  at  the  neck  of  the  condyle  leaves 
the  condyloid  fragment  subject  to  the  unopposed  action  of  the  external 
pterygoid  muscle  by  which  it  is  drawn  upward  and  forward.  In 
double  fractures  of  the  body  of  the  bone  the  intermediate  piece  is 
drawn  downward  and  backward  by  the  unopposed  aclicm  of  the  muscles 
of  the  neck  attached  to  it. 

Complete  laceration  of  the  inferior  dental  nerve  is  a  comparatively 
rare  complication,  the  more  common  location  of  fracture  being  in  front 
of  its  point  of  escape  from  the  dental  canal  at  the  mental  foramen,  and 
the  displacement  in  other  cases  being  rarely  great  enough  to  rupture 
the  nerve.  When  the  nerve  is  ruptured,  there  results  anesthesia  of  the 
lower  lip  and  chin  on  the  affected  side. 

The  diagnosis  of  fracture  of  the  lower  jaw  rarely  presents  any 
difficulties.  The  history  of  direct  violence  sustained  by  the  part  and 
local  impairment  of  function  with  swelling  and  tenderness  invite  exam- 
ination. Often  some  irregularity  of  outline  can  be  appreciated  at  once 
by  both  sight  and  touch,  and  by  manipiilation  the  mobility  of  the  frag- 
ments and  crepitus  can  be  elicited,  and  the  exact  site  of  fracture  demon- 
strated. 

The  prognosis  is  good.  Fiulure  of  union  is  rare  even  in  cases  of 
comminution  with  some  loss  of  substance,  notwithstanding  the  frequent 
unavoidable  movements  between  the  fragments  in  swallowing  and 
speaking.  Nor  are  the  rapidity  and  certainty  of  repair  much  prejudiced 
by  the  lacerations  of  tile  soft  parts,  which  expose  the  fracture  to  con- 
tact with  the  copious  .secretions  of  the  mouth,  mingled  with  the  secre- 
tions from  the  infected  wounds. 

Exfoliating  splinters  may  cause  abscesses,  but  necrosis,  except  of 
limited  portions  of  the  alveolar  border,  is  rare.  Deformity,  beyond 
possibly  a  slight  irregularitj'  of  the  teeth  not  sufficient  to  interfere 
with  mastication,  is  rare. 

Treatment — Replacement  of  the  fragments  in  proper  position  in 
most  cases  is  readily  effected  by  slight  pressure  and  manipulation.  In 
the  exceptional  instances  in  which  difficulty  is  met  with,  the  cause  for 
it  must  be  .sought  for  and  removed.  Loosened  teeth  at  the  point  of 
fracture  should  be  removed.  Obstinate  recurrence  of  displacement 
due  to  contraction  of  unopposed  muscles  calls  for  division  of  the  mus- 
cles at  fault.  Such  obstacles  to  ready  and  complete  reduction  and 
retention  having  been  removed,  retention  of  the  fragments  in  position 
may  usually  be  sufficiently  secured  by  bandaging  the  lower  jaw  to  the 
upper  by  a  simple  figure-of-R  chin-and-hcad  bandage,  applied  over  a 
chin-cup  formed  of  canton  flannel  or  towelling  saturated  with  plaster- 
of-Paris  cream.  To  form  this  cup  a  piece  of  canton  flannel  is  saturated 
in  thick  plaster-of- Paris  cream  and  folded  into  three  folds;  the  folded 
piece  for  an  adult  should  be  from  6  to  8  inches  long  and  from  3  to  4 
inches  broad.  This  is  cut  along  the  middle  from  either  end  for  one- 
third  of  its  length,  the  middle  third  being  thus  left  uncut.  From  the 
center  of  cither  edge  of  this  middle  portion  as  much  as  may  be 
required  for  the  lower  lip  and  for  the  throat  is  cut  away.     This  uncut 
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portion  is  applied  to  the  chin,  wliich  it  will  cover  from  the  hyoid  bone 
to  the  furrow  below  the  lower  lip.  Then  the  two  lateral  tails  are 
pressed  upon  the  sides  of  the  jaw,  and  the  whole  secured  in  place  by 
the  figure-of-H  bandafje.  When  the  plaster  has  hardened  the  cup 
should  be  removed  and  lined  with  a  thin  layer  of  cotton-wool  or  other 
soft  material.  It  is  then  reapplied  and  kept  in  place  by  the  bandage  as 
before.  Such  a  chin-cup  is  especially  indicated  to  prevent  displacement 
from  lateral  pressure  of  the  bandage  when  the  fracture  is  posterior  to 
the  mental  foramen  or  when  it  is  multiple.  When  the  fracture  is  an 
open  one  with  a  skin-wound,  suitable  fcne.stration  of  the  cup  and 
bandages  must  be  provided  to  facilitate  its  proper  care,  and  the  neces- 
sary absorbent  dressings  will  be  superadded  to  the  fixation-appli- 
ances. 

Careful  in.spection  of  the  parts  should  be  made  as  found  to  be  neces- 
sary for  the  perfect  support  of  the  fragments  and  the  comfort  of  the 
patient.  Feeding  with  fluids  can  usually  be  satisfactorily  accomplished 
through  the  spaces  left  by  lost  teeth  or  the  natural  irregularities  of  the 
dental  arcades.  Cleanliness  of  the  mouth  may  be  secured  by  the  fre- 
quent use  of  antiseptic  mouth-washes  introduced  through  the  same 
channels. 

Repair  takes  place  rapidly,  so  that  by  the  third  week  the  con- 
stant use  of  the  retentive  apparatus  may  be  intermitted.  It  may  be 
abandoned  altogether  by  the  end  of  the  fourth  week,  but  not  until 
the  lapse  of  two  weeks  more  should  the  mastication  of  meat  be 
attempted. 

Should  it  be  found  impracticable  to  introduce  liquid  food  between 
the  closed  jaws,  or  should  the  absence  of  teeth  in  either  jaw  be  so 
extensive  as  to  prevent  the  proper  support  of  the  lower  jaw  by  the 
upper,  interdental  splints  may  be  used,  as  already  described  in  connec- 
tion with  fractures  of  the  upper  jaw.  In  the  absence  of  facilities  for 
making  interdental  splints,  feeding  may  still  be  satisfactorily  accom- 
plished as  long  as  necessary  through  a  tube  introduced  into  the  pharynx 
through  the  nasal  passages. 

Whenever  difficulty  is  found  in  maintaining  the  fragments  in  appo- 
sition by  the  means  already  described,  as  in  oblique  and  multiple  fract- 
ures or  in  com|x>und  fractures  which  require  frequent  disturbance  of 
the  retentive  apparatus  for  dressings,  the  fragments  may  be  wired 
together  by  stout  silver  wire  passed  through  openings  made  by  a  drill 
through  the  whole  thickness  of  the  body  of  the  bone  from  before 
backward,  at  a  quarter-inch  or  more  distance  from  the  line  of  fracture 
on  either  side,  the  bone  having  first  been  pierced  by  a  suitable  drill. 
The  wires  may  be  removed  after  three  weeks. 

The  tying  together  of  the  fragments  by  stout  thread  or  silver  wire 
passed  around  sound  teeth  on  either  side  and  near  the  line  of  fracture 
has  often  been  resorted  to,  but  it  is  a  feeble  and  inefficient  device  in  the 
cases  which  require  .special  support;  even  firm  teeth  may  thereby  be 
speedily  loosened. 

Many  forms  of  elaborate  apparatus  have  been  devised,  combining 
vulcanized  interdental  splints  and  an  external  framework,  and  chin- 
plate  with  appropriate  nuts  and  screws  to  regulate  pressure,  secure 
adjustment,  and  hold  together  the  fragments  of  a  broken  lower  jaw 
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until  consolidation  has  been  secured.  They  arc  especially  indicated 
in  fractures  with  much  comminution,  as  in  some  gunshot  fractures. 
The  co-operation  of  a  dcnuil  surgeon  is  essential  for  the  construction 
of  any  such  apparatus. 

The   mouth   is   thoroughly   washed  with   an   antiseptic   solution; 
any  very  loose  teeth  are  removed,  and  the  teeth  cleansed  from  tartar.j 
An  impression  of  the  upper  jaw  is  then  taken  in  modelling  compo- 
sition, and  of  the  lower  or  fractured  jaw  in  modelling  composition 
or  plaster.     No  attempt  is  made  to  put  the  fragments  \i\  proper  posi-^ 
tion. 

Plaster  casts  are  made,  on  which  the  lines  of  fracture  are  clearly 
indicated  (Figs.  220,  221). 


FitJ,  am.^Pliislcr  casi  or  model,  Ihere 
being  a  fracfurp  ai  the  tymphy^is.  al^o  in 
Ihe  region  of  Ihu  third  molar,  which  is 
absenl  (Moriarly). 


Fic.   aai.^Modcl  of  same   jaw  after 

tienlmcTii.  The  left  central  loolh.  u'hich 
wus  loo^.  *as  extracted.  Observe  how 
perfectly  the  articulation  baa  been  restored 
(Moriarty). 


With  a  fine  saw  the  cast  is  cut  on  these  lines,  and  the  plaster  cast  is 

articulated  with  the  cast  of  the  upper  jaw.  Plaster  is  run  around  to 
hold  the  severed  portions  in  position,  and  then  both  upper  and  lower 
casts  are  put  upon  an  articulator. 

The  process  of  making  an  aluminum,  gold,  or  vulcanite  splint  is 
familiar  to  every  denti.st,  being  similar  to  that  of  making  an  ordinary 
plate. 

The  advantages  of  the  aluminum,  gold,  or  simple  vulcanite  splint 


Fig.  aaa. — Aluminum  or  gold  splint,  which  is  cemented  or  to  the  teeth. 


are  that  they  are  not  noticeable,  and  that  the  patient  can  u.se  the  mouth, 
being  able  to  open  and  close  it,  and  can  masticate  with  comfort. 
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Frc  aa3. — Vulcanite  splint  with 
l>o\ts  vulcaniicil  on  c.ich  &tde.  If 
the  ]:i4  ts  frjcEurvd  in  ihe  rEgion  nf 
IhL'  mol4t5,  qoniiderable  pressure  ii 
requiretl  to  gel  the  pans  in  posOon  : 
Iherrfore  il  is  best  lo  vulcaniu;  on  1o 
the  sides  of  the  vulcanite  splint  boxel 
into  wh;ch  wire  arms  can  be  inserled. 


The  whole  course  of  treatment  of  fractures  of  the  lower  jaw  has 
been  systematized  by  dental  surgeons,  and  every  conceivable  variety  of 
fracture    has  been   treated  by  methods 
which  arc  fully  described  in  the  journals 
devoted  to  that  department  of  surycry. 

The  Hyoid  Bone. — Notwithstand- 
ing the  hyoid  bono,  by  reason  of  its 
mobJIilj'  and  its  retired  position  behind 
the  projecting  lower  jaw,  can  ranly  be 
exposed  to  fracturing  violence,  yet  the 
immunity  is  not  absolute.  Blows  upon 
the  neck,  or  falls  in  which  the  front  of 
the  neck  strikes  upon  the  projecting 
edge  of  an  object,  or  circular  compres- 
sion, as  of  the  fingers  in  throttling  or  of 
the  noose  in  hanging,  have  been  the 
usual  causes  of  the  accident.  Muscular 
action  alone,  in  sudden  and  violent 
extension    of  the   neck,  is   claimed   to 

have  been  the  cause  in  some  instances.  In  the  recorded  cases  the 
usual  point  of  fracture  has  been  at  or  near  the  juncture  of  the  great 
cornu  with  the  body  of  the  bone.  In  a  considerable  prt^x>rtion  of  the 
cases  (6  out  of  27.  Gurit)  there  was  associated  with  it  fracture  of  the 
cartilages  of  the  larj-nx. 

The  symptoms,  in  addition  to  the  local  soreness,  tumefaction,  and 
ecchj'mosis.  arise  from  the  pain  which  is  caused  by  acts  involving  con- 
traction of  the  hyoid  muscles.  Swallowing  is  difficult  and  painful — for 
a  time  often  impossible.  Movements  of  the  lower  jaw  and  of  the 
tongue  awaken  pain.  The  fractured  cornu,  displaced  inward,  has  in 
some  cases  been  felt  by  palpation  with  a  finger  in  the  pharynx.  Crepi- 
tus cannot  usually  be  ehcited.  When  the  larynx  is  also  injured,  the 
special  signs  of  that  injury  are  superadded,  such  as  dyspnea,  bloody 
expectoration,  and,  in  severe  cases,  emphysema. 

The  prognosis  depends  largely  upon  the  character  of  the  associated 
injuries,  which  are  often  fatal.  The  fracture  itself  is  usually  susceptible 
of  repair  by  bony  union,  but  cases  of  such  considerable  displacement 
as  to  cause  non-union  have  been  recorded.  Necrosis  of  the  fragment 
has  occurred. 

The  treatment,  after  any  manifest  displacement  has  been  corrected 
by  finger- pressure  from  within  the  pharynx,  is  necessarily  restricied 
simply  to  measures  to  immobilize  the  neck,  to  combat  the  local  infl.im- 
matory  reaction,  and  to  relieve  the  complications  arising  from  as.so- 
ciatcd  injuries.  The  dysphagia,  as  long  as  it  is  severe,  should  be  met 
by  rectal  feeding  or  by  the  use  of  an  esophageal  lube;  dyspnea  from 
edema  of  the  glottis  may  call  for  intubation  or  tracheotomy.  Immo- 
bilization of  the  neck  may  be  secured  by  a  broad  posterior  collar  of 
plastic  material,  as  canton  flannel  saturated  with  plaster  of  Paris,  or  sole- 
leather  softened  by  hot  water,  the  collar  being  fastened  to  the  head  and 
shoulder.'  by  appropriate  bandaging. 

The  Stemtun. — The  stenium,  by  the  spongincss  and  elasticity  of 
its  own  structure  and  the  clastic  support  which  is  given  it  by  the 
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costal  cartilages,  is  so  protected  from  the  effects  of  violence  that  it 
rarely  becomes  fractured.  When  fracture  of  the  sternum  does  occur 
as  the  result  of  great  crushing  violence,  it  is  not  infrequently  associated 
with  such  other  severe  lesions — as  fractures  of  the  spine,  ribs,  or  skull, 
and  laceration  of  the  thoracic  viscera — as  to  render  of  little  importance 
the  sternal  injury.  While  the  more  frequent  cause  of  fracture  has 
been  a  direct  blow  or  crushing  force  received  by  the  bone,  in  a  con- 
siderable proportion  of  the  recorded  cases  the  fracture  has  been  caused 
by  forcible  and  extreme  bending  of  the  trunk,  either  backward  or  for- 
ward. In  a  number  of  instances  it  has  been  caused  by  the  violent 
muscular  struggles  of  difficult  parturition.  In  a  case  under  my  own 
care  it  was  caused  in  a  football  scrimmage. 

The  part  of  the  bone  most  frequently  fractured  has  been  that  por- 
tion of  the  body  lying  between  the  manubrium  and  the  point  of  articu- 
lation of  the  fourth  costal  cartilages.  Diastasis  at  the  junction  of  the 
manubrium  and  gladiolus  presents  no  practical  differences  from  a  fract- 
ure, and  does  not  require  separate  consideration. 

In  the  great  majority  of  instances  the  fracture  has  been  transverse 
in  its  general  direction,  though  cases  of  longitudinal  fracture  have  been 
observed.  The  amount  of  displacement  attending  the  fracture  will 
depend  upon  the  nature  of  the  violence  which  has  caused  it;  usually 
it  is  not  great.  Some  projection  forward  of  the  upper  edge  of  the 
lower  fragment  is  usual,  recognizable  by  sight  and  touch.  Verj- 
marked  depression  of  the  upper  fragment  has  been  noted  in  some 
cases. 

In  addition  to  the  usual  signs  of  fracture  there  may  be  added  symp- 
toms of  internal  injury,  varying  according  to  the  extent  of  internal 
laceration  present,  including  dyspnea,  cough  with  bloody  expectora- 
tion, emphysema,  and  the  signs  of  hemothorax.  Infection  may  deter- 
mine, later,  widespread  mediastinal  suppuration.  The  prognosis  is 
favorable,  except  in  the  presence  of  serious  internal  injuries.  The 
fragments  unite  promptly  by  osseous  or  fibrous  union,  even  when  the 
displacement  is  marked  and  is  not  overcome. 

In  the  treatment  the  patient  should  first  be  placed  in  the  position 
in  which  he  finds  that  he  can  breathe  with  the  greatest  comfort.  This 
will  usually  be  in  a  half-sitting  position  with  a  firm  pillow  between  the 
shoulders.  This  position  will  at  the  same  time  tend  to  overcome  the 
displacement.  The  displacement  itself  does  not  call  for  persistent  and 
irksome  attempts  to  overcome  it.  unless  it  is  so  great  as  to  be  the  cause 
of  embarrassment  to  the  heart  or  lungs.  In  such  a  contingency  any 
operative  measure  required  to  elevate  the  fragments  would  be  justi- 
fiable. Otherwise  the  surgeon  should  content  himself  \vith  what  he 
can  secure  by  po.sition  and  moderate  manipulation  and  pressure.  The 
thoracic  movements  should  be  restricted  by  encircling  the  thorax  with 
a  broad  band  of  adhesive  pla.ster.  Opium  may  be  given  for  the  double 
purpose  of  relieving  pain  and  diminishing  the  frequency  of  the  respi- 
rations. The  complications  of  intrathoracic  hemorrhage  and  of  medi- 
astinal suppuration,  the  first  as  an  immediate  and  the  second  as  a  later 
occurrence,  should  be  watched  for,  and  such  operative  measures  taken 
as  are  needed  to  expose  the  bleeding  point  or  drain  tlie  pus-focus. 

Ribs  and  Costal  Carti]ag:es. — Fracture  of  the  ribs  is  a  com- 
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paratively  common  accident.  In  my  own  experience  it  has  occurred 
about  one-half  as  frequently  as  have  fractures  of  the  femur.  39  patients 
suffering  from  fractured  ribs  and  72  from  fracture  of  the  femur  having 
been  admitted  into  the  Methodist  Episcopal  Hospital,  Brooklyn,  during 
the  [H-'riod  i8StS  to  1895.  The  elasticity-  of  the  thoracic  framework 
renders  children  less  liable  to  this  accident  than  adults,  but  it  is 
occasionally  observed  even  in  quite  young  children  ;  thus,  among  the 
cases  above  enumerated  there  was  one  child  of  three  years  who  had  six 
ribs  broken  by  the  kick  of  a  horse,  and  another  of  six  years  who  had 
three  ribs  broken,  having  been  run  over  by  a  wagon.  A  similar  cause 
produced  fracture  of  two  ribs  in  a  boy  of  thirteen. 

Violence  sufficient  to  cause  rib-fracture  may  act  either  by  .staving  in 
the  rib  at  the  point  of  contact,  or  by  so  compressing  the  chest  as  to 
bend  the  rib  outward  until  it  gives  way  at  some  point  along  its  con- 
tinuity. The  former  is  the  usual  mechanism.  Out  of  35  cases  in 
which  I  have  preserved  a  record  of  the  nature  of  the  violence  done, 
9  resulted  from  falls  from  a  height,  7  were  sustained  in  railroad  acci- 
dents ;  in  4  instances  the  patient  had  been  run  over  by  a  wagon  ;  in  2 
a  crush  beneath  a  falling  body  had  occurred ;  in  3  the  patient  had  been 
kicked  or  knocked  down  by  a  horse ;  and  in  1  he  had  been  crushed 
between  the  rollers  of  machinery. 


KricIuit  o[  II  rib  boa  heen  alleged  la  have  been  caused  by  simple  violenl  muscular  action, 
as  in  parluiitiun.  und  even  in  ^neeiint;.  It  is  rEautniible  to  assume  that  a  pallio1(>gicsl  fni- 
gilily  of  the  bone  mu^t  have  pre-exisLed  In  contribute  to  the  production  of  a  fracture  from 
such  a  cause.  While  fraclure  may  affect  any  part  of  a  rib,  any  rib,  and  any  number  of  ribs, 
the  more  sheltered  upper  two  ribs  and  the  more  movable  lower  ribs  are  less  frequently 
broken  than  tbe  central  group.  Flaclure  by  direct  violence  occurs  with  great  frequency  in 
front  of  the  axillary  line  ;  fraclure  by  indirect  violence  posterior  10  it,  near  to  the  angle  ; 
fracture  of  a  costal  cartilage  has  been  noted  more  frequently  near  the  coslocbondral  junction. 

Fracture  at  nuire  iban  one  point  in  the  same  rib  occasionally  occurs,  and  fractures  of 
ribs  on  both  sides  are  not  rare.  Thus,  among  the  cases  mentioned  was  one  of  a  roan,  sixty- 
five  years  of  age,  who,  after  falling  from  a  height,  was  found  to  have  sustained  double  fracl> 
uret  of  all  the  true  ribs  on  the  left  side  and  fractute  of  Ibui  ribs  on  the  tight  side. 

The  amount  of  displarement  in  most  cases  is  insignil^canl,  owing  to  the  support  which 
the  adjacenl  unbroken  ribs  give  10  ihe  broken  one  :  but  when  several  ribs  are  broken,  so 
lb* I  the  side  ^inks  in,  overriding  and  marked  angular  deformity  may  occur.  Incomplete 
fracture  and  fracture  without  complete  laceration  of  the  periosteum  Ihe  writer  believes  to  be 
not  very  rare,  in  view  of  the  clinical  sympfums  occasionally  observed,  but  he  has  not  been 
able  10  verify  this  opinion  by  autopsy. 

Coincident  injurie-i  of  thoracic  or  abdominal  viscera,  or  of  other  poitions  of  ihe  body, 
frequently  complicote  fractures  of  the  ribs,  being  the  natural  result  of  the  kind  of  violence 
lo  which  rib-ftaclure  is  most  frequently  due.  These  complicating  injuries  arc  important 
elements  in  both  piugnosis  and  irealment.  Out  of  ilie  39  cases  alreody  referred  lo,  14  died. 
Twi>  of  these  deaths  were  apparenllv  due  to  profuse  intrapleural  bleeding  from  lacerated 
intercostal  artcnes  ;  j  were  due  in  uremia  fiotn  aggravation  of  pre-existing  chronic  nephritis  ; 
I  was  due  to  coincident  fraclure  of  the  base  of  the  skull  and  cerebral  laceration  ;  in  all  the 
rcmaimng  S  cases  ihcte  were  ruptures  of  ihe  abdominal  viscera,  usually  of  the  liver,  fre- 
quently associated  with  multiple  contusions  and  fractures  in  other  parts  of  the  body.  Ijic- 
eWion  of  the  pleura  is  the  necessary  consequence  of  any  notable  displacement  of  the 
fraclured  rib-ends.  The  effect  of  this  is,  as  a  rule,  (o  produce  only  a  circumscribed  adhe- 
sive pleutilis.  but  in  occasional  instances  a  diffuse  suppurative  pleuritis  follows.  It  is  bul 
rarely  thai  any  considerable  bleeding  results  from  laceration  of  an  intercostal  artery ;  in 
eicrpiiooal  instances,  however,  serious,  even  fatal,  hemorrhage  into  the  pleural  cavity  has 
been  due  lo  tbis  wurce.  More  frequenily  a  hemnlhorai  is  due  lo  laceration  of  the  lung- 
liMUe.  Mote  or  less  laceration  of  n  lung  is  a  common  rcsull  of  n  crush  of  the  thorai ;  this 
mjy  vary  m  degree  fnjm  a  limited  contusion  of  the  luni^.tissue.  wilh  a  ynriahlc  d^ree  of 
iniftstilial  ecchymnsis,  to  enlen'iiij!  tears  that  declare  llicmselvrs  at  once  by  hemoptysis,  of 
bemo-  and  pneumoihorax,  and  emphysema,  while  brcmchiiis,  pneumonia,  or  gangrene  o*  tbe 
liiag  are  Uler  po&sible  ^equelie.     Wounds  of  the  heart  and  great  vessels  have  been  reco~ 
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The  symptoms  of  fracture  of  a  rib  consist  of  sharp,  circumscribed 

pain  at  the  injured  point,  which  is  ag^'ravated  by  the  movements  of 
respiration  and  by  direct  pressure.  Moreover,  pressure  so  applied  as 
to  increase  the  arch  of  the  rib,  as  by  compression  made  upon  the 
sternum,  wiU  ehcit  pain  at  the  injured  point.  Crepitus,  unnatural 
mobility,  and  deformity  may  be  observed  in  varying  degree.  These 
signs  will  be  most  easy  to  elicit  when  the  injury  is  seated  in  the  more 
superficial  portions  of  the  ribs,  or  when  several  ribs  are  broken.  The 
symptoms  and  results  of  complicating  laceration  of  the  lung  have  been 
already  briefly  stated.  In  thi.s  connection  it  should  be  noted  that  the 
absence  of  the  spitting  of  blood  does  not  absolutely  contraindicate  the 
presence  of  lung-injury,  while  it  also  may  occur  in  the  absence  of 
laceration  of  the  lung-tissue. 

The  course  of  healing,  in  ca.ses  unaccompanied  by  serious  visceral 
injury,  is  usually  quite  uneventful.  The  movements  of  respiration 
provoke  the  formation  of  an  abundant  ensheathing  callus,  and  rapid 
bony  repair  i.'S  the  rule.  When  several  rib.s  have  been  broken,  it  may 
happen  that  the  callus  is  abundant  enough  to  determine  the  formation 
of  lateral  bony  bridges,  welding  them  all  together.  In  the  complicated 
cases,  the  course  will  be  modified  by  the  nature  of  the  other  injuries, 
in  the  presence  of  which  the  rib-injury  becomes  of  but  little  moment. 
The  spitting  of  blood,  provoked  by  laceration  of  the  lung,  in  the  event 
of  the  injur>'  not  being  severe  enough  to  prove  .speedily  fatal,  generally 
ceases,  in  great  measure,  in  the  course  of  forty-tight  hours,  giving  way 
to  rusty  sputa.  Emphysema  is  a  comparatively  rare  complication,  and 
when  it  docs  occur,  even  though  the  extent  of  diffusion  may  be  wide, 
it  may  be  relied  on.  as  a  rule,  to  subside  speedily  and  spontaneously. 
In  the  event  of  serious  embarrassment  from  its  extent  and  persistence, 
free  incision,  sufficient  to  ensure  the  ready  e.Ktenial  escape  of  the  air 
pumped  out  from  the  lungs,  will  cut  it  short.  Air  within  the  pleural 
cavity,  entering  through  a  laceration  of  the  lung,  becomes  a  source  of 
danger  only  when  it  has  accumulated  under  pressure  until  it  begins  to 
compress  the  sound  lung  also.  The  establishment  of  an  external  vent 
suffices  to  relieve  the  .special  danger. 

Bloody  effusion  into  the  pleural  cavity  becomes  a  complication 
requiring  special  attention  in  the  rare  instances  in  which  its  amount  is 
so  great  as  to  compromise  life  by  inducing  acute  anemia,  and  by 
attendant  pressure-dyspnea.  An  effusion  whose  amount  is  not  suf- 
ficient of  itself  to  produce  threatening  symptoms  may,  by  infection,  give 
rise  to  a  later  empyema,  with  its  special  symptoms  and  indications  for 
treatment.  Copious  intrapleural  bleeding  comes  in  nio.st  instances  from 
lung-lacerations,  only  rarely  from  lacerated  intercostal  or  mammary 
arteries.  Cases  of  le.sion  of  the  heart  or  great  vessels,  quickly  induc- 
ing death,  have  been  recorded.  The  usual  signs  of  progressive  acute 
anemia,  with  urgent  dyspnea,  and  the  physical  signs  of  fluid  in  the 
pleural  cavity,  supervening  upon  the  reception  of  a  blow  upon  the 
thorax,  are  sufficient  to  indicate  the  nature  of  the  complication.  The 
diagnosis  may  be  corroborated  by  the  use  of  an  a.spirator  needle  and 
syringe.  While  serious  hemothorax  is  a  more  frequent  occurrence 
after  compound  fractures  and  penetrating  wounds  of  the  chest,  with  or 
without  fracture,  yet  it  is  an  occasional  complication  of  simple  fracture. 
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and  cannot  be  ignored  in  connection  therewith.  The  spontaneous 
recoveries  from  extreme  hemothorax,  which  are  from  time  to  time 
reported  in  surgicai  hteraturc.  ought  not  to  be  accepted  as  warranting 
any  departure,  in  deahngwith  intrathoracic  bleeding,  from  the  principles 
of  hemostasia  estabhshed  for  other  parts  of  the  body — viz.,  to  expose 
the  bleeding  vessel  and  to  occlude  it  by  ligature,  compression,  or  cau- 
terization, as  the  conditions  of  the  particular  case  may  indicate.  The 
development  of  the  symptoms  of  seriou.s  intrathoracic  bleeding  after 
rib-fracture  will  justify  the  surgeon  in  converting  the  simple  into  an 
open  fracture  by  incision,  and  the  raising  of  such  a  flap  of  the  chest- 
wall,  by  double  section  of  one  or  more  ribs,  as  will  secure  the  exposure 
of  the  bleeduig  point  and  render  possible  the  necessary  procedures  for 
its  closure. 

The  treatment  of  the  fracture  itself  is  simple.  Any  displacement 
that  may  not  be  spontaneously  reduced  may  be  corrected  by  suitable 
pressure.  In  the  event  of  persistent  depression  which  causes  pain  or 
irritation,  the  depressed  fragments  may  be  drawn  outward  to  their 
proper  level  by  a  hook  introduced  underneath  them  through  a  punct- 
ure in  the  skin.  The  freedom  of  the  movements  of  the  chest-wall 
should  then  be  restricted  as  much  as  possible  by  encircling  the  tliorax 
with  a  broad  strip  of  adhesive  plaster  6  inches  in  width.  This  should 
be  applied  during  forced  expiration.  Its  center  should,  as  a  rule,  pass 
over  the  site  of  fracture,  but  its  lower  border  should  not  come  lower 
than  the  ensiform  appendi.x,  lest  it  interfere  with  the  freedom  of  abdom- 
inal breathing.  The  frequency  of  the  respiratory  movements  may  be 
lessened  and  pain  may  be  controlled  by  full  doses  of  opium  during  the 
first  few  days  after  the  accident.  By  the  end  of  the  fourth  week  the 
special  bandage  may  be  dispensed  with. 

The  Clavicle. — Hy  reason  of  its  length,  its  slendemess,  and  its 
function  as  the  medium  through  which  the  root  of  the  upper  extremity 
is  articulated  with  the  trunk,  the  clavicle  is  often  the  subject  of  fract- 
uring violence,  particularly  in  young  children,  although  no  age  is 
exempt. 

The  most  common  cause  of  the  fracture  is  a  fall  upon  the  hand  or 
elbow,  or  upon  the  projecting  tuberosities  of  the  humerus  at  the 
shoulder.  The  force  in  such  cases  is  transmitted  through  the  glenoid 
cavity  of  the  scapula  and  the  coracoclavicular  ligaments,  and  finally 
culminates  as  a  twisting  strain  upon  that  portion  of  the  bone  which 
lies  internal  to  the  attachment  of  the  coracoclavicular  ligament  and 
external  to  that  of  the  costoclavicular  ligament.  As  a  matter  nf  fact, 
by  tir  the  great  majority  of  the  fractures  of  the  clavicle  have  their  seat 
in  the  outer  half  of  the  middle  third  of  the  bone.  When  the  force  is 
received  from  behind,  as  by  falls  upon  the  outer  and  back  part  of  the 
shoulder,  the  acromion,  violently  driven  forward,  carries  with  it  the 
acromial  end  of  the  clavicle.  When  the  free  forward  movement  of 
this  portion  of  the  bone  is  arre.sted  by  its  muscular  and  ligamentous 
attachment  to  the  trunk,  a  crossbreaking  strain  is  created,  and  more  or 
less  of  the  acromial  end  of  the  clavicle  may  be  torn  off.  A  fall  upon 
the  top  of  the  shoulder,  or  a  blow  received  at  that  point  from  a  falling 
body,  may  also  by  direct  force  fracture  the  acromial  end  of  the  clavicle. 
Fracture  of  the  outer  end  of  the  clavicle  is  much  less  frequent  than 
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fracture  of  the  middle  third  nf  the  bone,  being  in  the  proportion, 
according  to  Gordon,  of  about  i  :  4.  Fractures  near  the  sternal  end 
of  the  bone  are  of  very  rare  occurrence.     To  cause  indirect  fracture  at 
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Fic.  214. — Frnclure  of  Ihe  middlf  portion  o[  the  clnvicle  (Anger). 

this  point,  it  must  be  presupposed  that  a  crushing  force  has  been  sus- 
tained upon  the  outside  of  tlie  .shoulder,  which  is  transmitted  directly 
in  the  longitiulinal   avis  of  the  bone  to  its  fixed  sternal  end.      More 


1 
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V\<;.  335. — Fradurc  of  slcrti.nl  tnd  of  clavicle  ;  inferior  nnd  nmcrior  aspecls. 

frequently,  in  this  contingency,  the  ligaments  give  way,  and  a  dislocation 
of  the  sternal  end  of  the  clavicle  results.  In  rare  instances  the  bony 
tissue  is  di=rupted,  and  a  fracture,  with  some  impaction  and  comminu- 
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tion,  is  produced.  Fig.  225  represents  a  specimen  taken  from  a  patient 
of  the  author.  The  man  fell  from  a  rapidly  moving  railroad  car  and 
struck  upon  his  right  shoulder,  crushing  the  head  of  the  humerus  and 
the  sternal  end  of  the  clavicle  upon  that  side,  as  shown  in  the  illustra- 
tion. 

The  clavEcle  may  be  fractured  al  any  part  oF  i(a  course  by  dirrcl  blows,  but  fracture  from 
»urh  cauv  v,  not  common.  For  thU  lessun.  cummin uletl  and  compound  fractures  are  totely 
met  wilh,  and  leaving  gun!^hoi  fraclure^  oul  of  consideration,  injuries  to  the  blood-vcsscU 
and  nerv«s  al  tbe  root  of  the  neck  are  exceedingly  tare  a<<  complications  of  fracture  of  the 
clavicle.  On  the  other  hand,  tbc  special  mtchanism  of  the  indirect  fracture  often  causes  the 
break  to  be  incomplete,  especially  when  tlie  s]x)ngv  and  elastic  clavicle  of  a  child  is  involved. 
Many  cases  ha*e  been  recorded  in  which  the  eliivicle  has  been  broken  by  violent  inuictiliir 
coQCraclions  alune,  as  in  an  atlempl  to  lift  a  heavy  weight,  or  Jo  make  a  strenuous  eifort  ^nib 
the  attached  upper  extremity,  as  in  an  instance  under  the  obsen-ation  of  the  writer,  in  which 
a  young  woman,  who  was  lialhiiig  in  the  surf  at  the  seashore,  wai  violently  lifted  and  swept 
from  her  feet  bv  an  incoming  roller.  While  sinving  to  maintain  her  place  bv  clinging  to  a 
fised  tope  provided  for  the  purpose,  she  felt  sonmthi'ig  give  way  in  bet  neck,  and  afterword, 
upon  eiaminaliun,  was  found  to  have  sustained  a  typical  fracture  of  the  middle  third  of  the 
clavicle. 

In  the  common  break  along  the  middle  third  of  the  bone  in  adtilts 
the  line  of  fracture  is  generally  oblique,  running  inward  and  downward 
or  backward ;  in  children,  transverse  fracture  is  not  uncommon. 
Variations  from  these  more  common  lines  are  not  infrequent. 

A  quite  uniform  di,splaccment  .so  often  follows  this  fracture  as  to  be 
characteristic  of  it.  The  end  of  the  outer  fragment  slips  behind  and 
bciow  the  inner  fragment,  so  that  the  end  of  the  inner  fragment  is  tilted 
upward  and  forward,  forming  a  notable  projection  at  the  base  of  the 
front  of  the  neck.  This  upward  tilting  may  be  increased  by  the 
contractions  of  the  sternocleidomastoid  muscle. 

The  primary  cause  of  this  displacement  is  the  continued  action  of  the  forces  which  break 
the  bone.  These  forces,  as  has  been  seen,  may  be  arrested  when  the  bone  is  only  partially 
fractured  :  a  grenlet  foice  resutl.s  in  a  complete  fracture  without  much  displacement ;  a  yet 
greflter  force  tears  the  movable  broken  end  to  a  more  or  less  extent  front  its  fibrous  and  mus- 
cular allachments,  and  thrusts  it  liBckward  and  inward  behind  its  stationary  fellow.  The 
eontniclion  of  the  muscles  which  pass  from  the  thorai  to  the  clavicle,  scapula,  and  humcms 
lends  to  maintain  the  displacement.  The  scapula  glides  forward  and  somewhal  downward 
upon  the  convexity  of  the  thorai,  contn^lling  the  outer  fni(;ment  of  the  clavicle,  which  is 
bound  to  ]L  Conversely,  by  drawing  the  scapula  backward  the  attached  clavicle  fragment 
IS  pulled  with  it.  and  usually  may  thus  readily  be  made  to  fall  into  proper  relation  with  the 
steniaJ  fragiuenl. 

Fractures  of  the  clavicle  external  to  the  innermost  attachment  of  the  coracoclavicular 
ligainenl  often  display  a  marked  displacement  of  the  scapular  fraB""""  forwanl  and  inward, 
even  to  the  extent  of  forming  a  right  angle  with  the  sternal  fragment,  as  shown  in  the 
iccotnpanying  itlustratioo  (Fig.  226). 


FKj.  mA. — Sfction  showing  the  relation  of  the  tiagtneni'  iiftirr  fracture  of  the  acromial  end  of 

tlir  clavicle,  hrulcd  in  di^placrmrni  1  K.  W.  Smilh) 

Diagnosis. — The  symptoms  produced  by  fracture  of  the  clavicle 
vary  in  their  severity  according  tf>  the  extent  of  the  displacement  and 
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the  laceration  of  the  soft  parts.  Local  tenderness  upon  pressure,  more 
or  less  ecchymosis,  and  some  restriction  of  the  free  use  of  the  attached 
arm,  owing  to  pain  in  the  neck  caused  by  mu-scular  eflbrts,  may  be  all 
that  at  first  attend  the  less  severe  injuries,  in  which  the  break  is  incom- 
plete or  not  attended  with  displacement.  Within  a  few  days  the  devel- 
opment at  the  injured  point  of  an  easily  recognizable  mass  of  callus 
will  suffice  to  confirm  the  diagnosis.  In  the  more  common  fracture 
with  displacement,  inspection  of  the  iieck  siiows  at  a  glance  the  result- 
ing deformity  caused  by  the  projection  of  the  inner  fragments,  and  the 
position  of  the  fragments  and  their  unnatural  mobility  can  be  readily 
determined  by  the  touch.  A  posture  characteristic  of  the  accident  is 
involuntarily  assumed  by  the  patient  as  he  inclines  his  head  and  neck 
to  the  injured  side,  and  supports  the  elbow  and  forearm  by  the  hand 
from  the  sound  side.  When  the  displacement  is  reduced,  crepitus  may 
be  elicited.  The  amount  of  limitation  of  function  displayed  bydifierent 
individuals  with  practically  the  same  amount  of  local  injury  varies, 
depending  upon  the  sensitiveness  to  pain  which  the  individual  may 
possess.  The  movements  of  tlie  upper  extremity  can  be  made  as  freely 
after  the  accident  as  before,  and  whatever  limitation  seems  to  be  present 
is  a  voluntary  one  on  the  part  of  the  patient,  to  escape  pain.  Upon 
cursory  inspection,  fractures  near  either  end  of  the  bone  may  be  mis- 
taken for  dislocations,  but  care  in  examination  will  reveal  the  true 
nature  of  the  accident. 

Prognosis. — Rapid  repair  with  bony  union  usually  follows  this 
injury,  even  in  the  presence  of  marked  displacement.  Firm  union  by 
the  end  of  the  fourth  week  is  the  rule  in  adults.     Cases  of  non-union 

have  been  reported,  but  in  these  cases 
the  usefulness  of  the  arm  has  been  very 
little  impaired.  So  great  arc  the  prac- 
tical difficulties  in  o\ercoming  the  ten- 
dency to  displacement  which  marks  the 
usual  fracture,  that  perfect  success  in 
avoiding  deformity  is  rarely  obtained 
(see  Fig.  327). 

Treatment. — In  the  cases  of  fracture 
without  displacement,  notably  in  the 
incomplete  fractures  of  children,  nothing  more  is  required  than  a 
simple  sling  to  support  the  forearm  and  a  broad  bandage  binding  the 
arm  to  the  thorax,  such  as  may  be  worn  with  comfort,  to  prevent  any 
such  free  use  of  the  arm  as  might  aggravate  the  local  injury.  If  the 
arm  is  not  inserted  into  the  sleeve  of  the  dress  or  coat,  but,  supported 
in  its  sling,  is  fastened  up  within  the  body  of  the  buttoned  or  pinned 
garment,  every  indication  will  be  satisfied. 

In  the  frequentiv  occurring  cases  with  displacement,  the  ingenuity 
of  the  surgeon  is  often  taxed  to  its  utmost  to  retain  the  fragments  in 
their  proper  position  sufficiently  to  secure  union  without  deformity;  in 
a  very  large  proportion  of  cases,  despite  every  effort,  notable  deformity 
persists.  This  is  due  not  to  the  difficulties  in  bringing  the  fragments 
into  proper  relative  position,  but  to  the  fact  that  any  efficient  retentive 
bandage  or  apparatus  is  so  irksome  that  it  soon  becomes  intolerable. 
A  multitude  of  different  forms  of  apparatus  have  been  devised,  and  their 


Fig,  3XJ. — Hfalpd  fracture  uf  ihr 
clavicle,  uniled  in  extreme  detbrmily 
(Gurll). 
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description  burdens  the  pages  of  surgical  treatises;  the  fact  remains 
that  those  which  are  efficient  are  intolerable,  and  those  which  are  toler- 
able are  inefficient,  and  that,  as  a  rule,  the  good  results  which  are 
claimed  from  their  use  could  have  been  equally  well  secured  by  simpler 
means,  or  were  due  to  (he  specially  favorable  nature  of  the  particular 
cases.  The  prime  indication  is  to  keep  the  scapula  pushed  well  back- 
ward around  the  convexity  of  the  thorax  toward  the  spine,  and  to  press 
its  posterior  border  closely  against  the  ribs.  The  acromion  is  thus  car- 
ried outward,  and  with  it  goes  the  outer  fragment  of  tlie  broken  clavicle. 
The  value  of  the  dorsal  decubitus,  unaided  by  apparatus  of  any  kind, 
to  secure  this  desired  fixation  of  the  scapula  is  well  established.  To 
secure  its  best  results  the  mattress  must  be  firm  and  even.  A  thin 
pillow  may  be  used  for  the  head  only,  so  as  to  relax  the  steniocleido- 
ma-stoid  muscles.  The  eibow  should  be  kept  close  to  the  side,  while 
the  forearm  may  be  brought  over  upon  the  front  of  the  body  and  sup- 
ported there  by  a  suitable  sling.  After  about  two  weeks,  the  processes 
of  repair  will  be  so  far  advanced  as  to  enable  this  position  to  be  dis- 
pcn.'fed  with,  without  much  danger  of  any  later  displacement  occurring, 
A  supporting  sling  and  a  restraining  bandage  should  be  worn  for  another 
two  weeks,  or  until  firm  consolidation  has  taken  place.  It  is  rare,  how- 
ever, that  the  mere  question  of  symmetrical  union  will  be  deemed  of 
enough  importance  by  a  patient  to  induce  him  to  undergo  the  irksome 
confinement  of  the  unremitted  dorsal  decubitus  for  the  required  length 
of  time. 

Of  the  various  devices  that  have  been  suggested  for  controlling  the 
scapula,  the  one  that  has  given  me  the  most  satisfaction  is  that  of  a  pair 
of  stuffed  collars  made  of  a  firm  roll  of  ffannel  covered  with  muslin, 
one  encircling  snugly  each  arm  at  the  shoulder.  These  are  connected 
by  a  strap  of  bandage  across  the  back,  by  tightening  up  which  the 
scapula:  may  be  pulled  backward  toward  the  spine  with  force  and  held 
there  securely. 

A  moderate-sized  pad  is  next  fitted  in  the  axilla  of  the  injured  side, 
I  not  with  the  idea  of  any  use  as  a  fulcrum  over  which  to  exercise  lever- 
''age  with  the  arm  to  pry  the  shoulder  out — an  impracticable  notion — 
but  simply  to  afford  a  more  comfortable  support  for  the  arm  as  long  as 
it  is  to  be  confined  to  the  side.  This  pad  should  be  held  in  place  by  a 
sufficient  number  of  turns  of  a  roller  bandage  encircling  the  thorax. 
The  hand  is  now  placed  on  the  front  of  the  chest,  the  forearm  being 
flexed  at  an  acute  angle  with  the  arm,  which  latter  remains  at  the  side, 
falhng  perpendicularly  from  the  shoulder.  Any  attempt  to  advance  the 
elbow  in  front  of  the  chest  or  to  carry  it  po.steriorly  tends  to  shift  the 
acromion  forward,  and  is  therefore  to  be  avoided.  The  dressing  is  now 
completed  by  circular  turns  of  roller  bandage,  which,  beginning  at  the 
level  of  the  elbow,  bind  ami  and  foreami  securely  to  the  thorax. 
When  the  forearm  has  become  fully  cvered  in  by  the  bandage,  the 
head  of  the  roller,  as  it  comes  across  the  back,  is  brought  around 
under  the  elbow,  and  thence  directly  upward  over  the  shoulder  of  the 
same  side,  and  down  again  behind  to  the  elbow.  From  three  to  four 
of  these  ix-rpendicular  passes  should  be  made.  By  them  the  horizontal 
turns  are  reinforced  and  fixed  in  position.     Abundant  pins  arc  finally 
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introduced  at  points  where  the  turns  of  bandage  cross  each  other,  and 
the  dressing  is  completed. 

Frequent  inspection  and  readjustment  of  apparatus  is  especially 
necessary  in  the  treatment  of  fracture  of  the  clavicle.  By  the  fourth 
week  the  consolidation  is  usually  so  firm  that  special  apparatus  may 
be  discontinued  and  the  arm  entrusted  to  a  simple  sliny.  which,  after 
another  fortnight,  may  be  cast  aside. 

Exposure  of  the  seat  of  fracture  by  incision,  replacement  of  the 
fragments  in  proper  position,  and  fastening  them  together  by  sutures 
or  dowel  pin,  may  become  necessary  in  those  rare  ca.ses  in  which  either 
other  means  have  failed  to  overcome  the  tendency  to  displacement,  or 
it  is  especially  importani  to  avoid  deformity,  or  the  symptoms  of  press- 
ure upon  blood-vessels  or  nerves  exist,  or  penetration  of  the  skin 
threatens  or  has  already  taken  place. 

The  Scapula. — Most  fractures  of  the  scapula  arc  due  to  direct 
violence,  but  the  mobihty  and  the  muscular  paddings  of  the  bone,  and 


FifJ.  aa8. — Fr.icturc  of  Ihe  body  of  tlie  scapula  (W^iriL-n  Museum). 


the  elasticity  of  the  thorax,  against  which  it  rests,  cause  its  fracture 
from  any  cau.se  to  be  a  rare  occurrence.  The  processes  which  enter 
into  the  mechanism  of  the  shoulder  may  be  fractured  indirectly,  also, 
by  violence  transmitted  through  the  humerus,  the  chipping  away  of 
more  or  less  of  the  rim  of  the  glenoid  cavity  being  the  most  frequent 
of  the  indirect  injuries;  and  when  this  occurs,  it  is  usually  associated 
with  dislocation  of  the  head  of  the  humerus. 

Cases  have  been  reported  in  which  the  coracoid  process  was  torn 
off  by  muscular  contraction  alone.  The  acromion  process,  by  its 
prominence,  is  especially  exposed  to  vulnerating  influences,  and  its 
fracture  is  of  nearly  equal  frequency  with  that  of  the  body  of  the  bone. 
As  in  the  case  of  all  fractures  from  direct  violence,  such  injuries  of  the 
scapula  are  httle  susceptible  of  sy.stematic  classification ;  any  portion 
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of  the  bone  may  be  fractured,  and  widely  varying  degrees  of  commi- 
nution and  of  injury  to  the  overlying  soft  parts  will  exist. 

Di^placFmcnl  of  ttie  fragments  to  B  nnllceable  enlenl  is  not  usual  in  Ihe  injuriei  of  (hc^ 
body  of  ihe  Ix.ne,  and,  when  piesenl,  is  the  immciliate  rcsiill  of  Iht  viokrre  austained  rather 
Ihan  of  muitftitar  conLraction ;  hence  il  is  no(  apl  Cu  lecur  after  replacemeni  hy  suilable 
tnunipulalion.  An  ciceplion  to  this  slalfmenl  \-*  In  he  noted  when  a  ^iitatl  portion  of  the 
postfrifiT  edge  or  of  ihe  superior  angle  is  hrnken  off,  the  unoppui^  action  uf  the  rhoniboidA 
oi  of  the  levator  anguli  scapul.e  being  suliicieni  to  cause  considerable  displacemenl  of  the 


Fig.  aag.— Fracluna  through  the  run  of  the  glenoid  cavity  (Gurtl). 

fragments  to  which  they  may  be  altacheil.  When  the  acromion  is  broken  oflT,  the  deltoid 
lends  to  ilmw  the  fragment  downward  and  to  flatten  the  shoulder ;  after  conicoid  fracture, 
displacement  may  be  limited  by  the  sull  intact  coracociavicular  ligamems,  Fntcluies  tnvolv' 
ing  the  glenoid  cavity,  including  fractures  of  the  neck  of  the  scapula  by  whicli  a  ftagmeiil, 
including  the  whole  niticulating  cavity,  is  broken  off,  exhibit  the  most  marked  diBplacetneDt, 
since  the  scapular  fragment  follows  the  head  of  the  humerus. 

The  diagnosis  will  be  based  on  the  presence  of  the  usual  signs  of 
fracture,  which  ordinarily  arc  readily  apparent  upon  examination. 
Difficulty  may  attend  the  recognition  of  the  injuries  of  the  glenoid 
rim  and  of  the  neck  of  the  scapula,  on  account  of  the  resemblance 
which  its  conditions  present  to  that  of  dislocation  of  the  humerus, 
which  may  al.so  be  present  as  a  complication.  When  a  small  portion 
of  the  glenoid  rim  is  chipped  off  in  connection  with  a  dislocation,  it 
may  escape  recognition  altogether,  unless  in  the  manipulations  for 
reduction  crepitus  should  be  noticed.  The  absence  of  signs  of  a 
more  extensive  injury  of  the  scapula  or  of  the  humerus  would  indi- 
cate the  particular  lesion  that  had  occurred.  When  the  fragment  that 
ha.s  been  .split  off  involves  a  considerable  portion  of  the  glenoid  cavity, 
as  in  Fig.  230,  the  head  of  the  humerus  and  the  fragment  will  slip  away 
from  the  scapula  into  the  axilla,  the  condition  simulating  a  dislocation. 
The  displacement  is  easily  remedied  by  properly  applied  pressure,  but 
it  at  once  recurs  when  support  is  withdrawn  ;  crepitus  may  be  elicited 
during  the  manipulations.  The  same  symptom.s  will  attend  a  fracture 
of  the  neck  of  the  scapula,  which  passes  posterior  to  the  base  of  thecora- 
coid  process,  if'the  coracoclavicular  ligaments  have  been  torn,  but  they 
may  be  distinguished  by  the  fact  that  in  the  latter  condition  the  cora- 
coid  process  follows  the  movements  of  the  humerus,  while  in  the 
former  condition  it  move-s  with  the  .scapula.  The  contour  of  the 
shoulder  is  markedly  flattened  in  both  conditions,  and  by  this  fact 
they  are  differentiated  from  fractures  of  the  neck  of  the  humerus, 
which  are  not  attended  with  loss  of  the  normal  rotundity  of  the  part. 
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Rapid  bony  repair  is  the  rule  in  fractures  of  the  scapula,  except 
when  the  acromion  or  the  coracoid  process  is  the  part  broken  off,  in 
which  casus  iipanientous  union  is  cominon. 

The  treatment  consists  in  the  adjustment  of  the  fragments  by 
manipulation,  followed  by  fixation  of  the  scapula  by  an  arm-and-body 
bandage.  In  general,  the  bandage  that  has  already  been  described  in 
connection  with  fractures  of  the  clavicle  will  be  most  suitable  for  fract- 
ures of  the  scapula  also,  the  shoulder-collars  being  omitted.  The  band- 
age of  Velpeau  will  also  answer  well,  except  in  cases  in  which  the 
posterior  border  is  torn  off. 

The  HumeniS. — Fractures  of  the  humerus  naturally  group  them- 
selves, according  to  the  location  and  relations  of  the  part  of  the  bone 
injured,  into  fractures  at  the  shoulder,  fractures 
of  the  arm  proper,  and  fractures  at  the  elbow. 
Notable  differences  characterize  injuries  in  these 
three  regions  as  to  the  methods  of  their  pro- 
duction, their  course,  their  consequences,  and 
their  treatment. 

The  shoulder-injuries  compri.sc  all  the 
fractures  involving  the  part  of  the  bone  above 
the  insertion  of  the  axillary  muscles.  The 
head,  the  anatomical  neck,  the  two  tuberosities, 
and  the  surgical  neck  fall  within  this  limit,  and 
in  youth  the  irregular  epiphyseal  line  is  also 
included.  Fractures  of  this  portion  of  the 
humerus  result  from  falls  upon  the  shoulder 
or  impact  of  falling  bodies  against  it,  and. 
according  to  the  nature  and  direction  of  the 
crush,  the  extent  of  injur)'  may  vary  from  a 
longitudinal  fissure  of  limited  extent,  which 
during  life  may  be  indistinguishable  from  a 
mere  contusion,  to  a  comminution  of  the  whole 
upper  part  of  the  bone  by  multiple  radiating 
lines  of  fracture,  with  impaction  of  fragments  into  each  other  or  with 
marked  displacement.  Figs.  230  and  231  show  examples  of  the  more 
severe  forms  of  fractures  at  the  shoulder. 


Flo.  330. — Comminulcri 
nnd  imp^cfed  fracture  of  the 
hcnd  of  the  humerus:  head 
driven  downward  and  inwnrd 
{ Mal^igne }. 


Fracture  throug:h  the  surgical  neck  is  by  far  the  mo 5t  frequent  break  in  this 
region,  and  is,  wilh  reference  to  other  fractures  of  the  liumems,  a  relatively  common  acci- 
dent. Thui;,  of  203  fracluies  of  tile  humerus  examined  by  Hamilton,  44  were  al  or  near  the 
su^ical  netk.  6  *ere  sup^K)sed  to  be  cpi]jhyseal  separations,  only  1  was  thought  to  be  B  fract- 
ure at  at  nc-ar  the  anat.jmicnl  neck,  with  impnclion  and  spliuinp  of  the  tubercles,  and  1 
was  a  fracture  of  the  i^reHtcr  tubercle  alone.  These  figures,  which  ni  jjencral  arc  in  accord 
with  ihe  obsefvaiions  of  others,  serve  10  .shuw  both  ihe  frequency  of  breaks  through  fhe 
sui^icnl  netk  and  the  raiily  nf  recoRniiablc  fractures  through  llial  part  of  (he  bone  above 
the  epipliyieal  line.  Thrrc  is  however,  a  much  greater  pniportion  of  cases  in  which  The 
head  of  the  humerus  has  been  severely  contused,  and  in  which  .ilthougb  bofb  dcformily  and 
crepitus  are  absent,  so  that  a  positive  diagnosis  of  fracture  cannot  be  made,  yet  the  persist- 
ence of  pain  and  muscular  rigidity  and  the  Irjcation  and  eitent  of  the  ecchj-mosis  arc  such 
as  to  warrant  the  diagnosis  of  incomplete  fracture,  or  of  fissure,  or  of  fracture  in  which  the 
continuity  of  the  hone  is  maintained  by  untom  periosteum,  with  or  without  slight  impaction. 
The  repair  of  these  fractures  is  so  complete  that  their  traces  are  iixi  slight  to  ntiest  atten- 
tion when,  in  after  years,  Ihe  subjects  come  lo  the  dissecting  table,  and  thus  they  are  absent 
from  museum  shelves  and  do  not  enter  into  statistics.  FiR.  231  shows  a  case  in  point  of 
fracture  limited  to  the  tuberosities,  with  a  slight  tiegree  of  impaction,  which  might  have 


SPECIAL   l-KACTURF.S. 


S3; 


cvi{>ed  rcrognilion  iluring  lift?  had  rki>r  \\w.  fmcrurc  brtn  di^sociaied  wilh  a  cotnpotind  distu- 
calion  of  Ihe  head  \A  iht  luimenis,       TIt"  i':i'-e  f-^  rrrurflr'J  bv  H^r>l('nlicuer.' 


Fiti,  331- — Comminutfil  frattiirr  of  [he-  htiirl  ^'f  rlir-  liuiiitTut ,  primflry  line  of  frjclure 
Ihrougli  analomieal  neck.  !*qondatv  sphiiipin  .iw.ij  nl  tin-  gieai  luhurosily  (phoiograph  from 
specimen  in  Muieum  of  the  M.  E.  Hospital.  Brooklyn). 


Ill  fractures  of  the  head  of  the  humerus  the  line  of  separation,  as  a 
rule,  runs  irregularly,  jKW.sibly  tlirou^'h  part  of  its  course  within  the 
cap.sule,  following  the  anatomical  neck, 
and  then  diverging  into  the  region  of  the 
lul>erositics(see  Fig.  231).  More  or  less 
splintering  of  the  expanded  upper  end  of 
the  shaft  is  common.  The  liability  to 
impaction  has  already  been  alluded  to. 
In  the  greater  number  of  ca.ses  the 
fragments  are  not  entirely  separated, 
but,  in  addition  to  some  degree  of  im- 
jxiction,  are  more  or  Ie«s  closely  held 
together  by  untorn  perio'^teum  and  the 
fibrous  tissue  of  the  capsule  and  tcndon- 
shcath  that  invests  the  part. 

A  portion  of  cither  tuberosity  is  oc- 
Ccisionally  torn  off  as  a  part  of  the  injury 
accompanying  a  dislocation,  the  greater 
tiil>erosity  being  the  part  most  frequently  injured.     A  similar  injuty  to 
'  DIt  KritHihrilfn  der  oherrn  ExIrrmilt/eH. 


Fin.  aja,— Imiwctcd  Iracmre  of  the 
luljc^njsates  of  Ihe  humerus  (Elarden- 
hL'ucrl, 
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a  tuberosity  has  resulted  from  violent  muscular  efibrt  alone.  In  fract- 
ures below  the  tuberosities  through  the  surgical  neck,  the  displacement 
is  also  often  incomplete,  ow  ing  tu  the  frequency  of  a  transverse  or  den- 
tated  line  of  fracture  and  the  thickness  of  the  fibrous  tissue  which 
invests  the  bone  here. 

When  complete  displacement  does  occur,  the  upper  end  of  the 
lower  fragment  is  commonly  drawn  forward  and  upward  toward  the 
coracoid  process,  where  it  forms  a  prominence  that  can  both  be  felt 
and  -■^een.  A  backward  displacement  may  result  from  the  special 
direction  of  the  force  to  which  the  fracture  may  have  been  due.  At 
any  age  up  to  the  twentieth  year  the  line  of  fracture  may  run  through 
the  epiphyseal  cartilage.  When  complete  disjunction  of  the  epiphysis 
is  produced,  the  upper  end  of  the  diaphysis  is  usually  displaced  for- 
ward, making  a  noticeable  projection  in  front  of  the  shoulder.  The 
upper  surface  of  this  projecting  bone  is  smoother  and  more  rounded 
tiian  the  irregular  or  dentated  end  of  the  lower  fragment  left  after  the 
common  fracture  of  the  surgical  neck.  Tiie  condition  may  be  mistaken 
for  a  forward  dislocation  of  the  head  of  the  humerus,  until  more  full 
examination  shows  that  the  rotundity  of  the  shoulder  has  not  been  lost, 
and  that  the  head  of  the  humerus  is  still  present  in  the  glenoid  cavity. 
The  epiphyseal  fragment  may  be  rotated  by  the  muscles  which  are 
inserted  into  its  tuberosities,  until  its  under  concave  surface  looks  for- 
ward and  outward.  Efforts  to  bring  the  epiphysis  and  diaphysis  into 
their  normal  relations  are  liable  to  be  ineffectual,  owing  to  the  mobility 


Fig.  333.  Fic.  334. 

FIGS.  333,  334. — praclure  of  the  head  of  the  humerus  through  epiphyseal  line  (Whoi- 
lon).  Fig.  333  shows  the  relation  of  Ihe  fragmenla  iminedmlcly  afler  the  accident  ,  Fig.  334 
shows  the  conflition  one  year  hiler:  consolidatiun  with  dcfoTmity  [skiagraphs  bv  Goodspeedr. 

of  the  epiphyseal  fragment  and  the  tendency  of  the  projecting  anterior 
edge  of  the  upper  end  of  the  diaphy.sis  to  become  entangled  in  the 
concavity  of  the  upper  fragment  (Figs.  233,  234), 

Diagnosis. — It  is  evident  from  the  statements  in  the  preceding  para- 
graphs that  in  many  cases  the  exact  differential  diagnosis  of  fractures 
of  the  upper  extremity  of  the  humerus  is  difficult  and  in  some  cases 
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impossible,  a  probable  or  approximate  diagnosis  being  the  most  to 
which  a  prudent  surgeon  should  commit  himself.  Fractures  without 
notable  displacement  and  fractures  with  impaction  give  symptoms  that 
are  not  to  be  positively  distinguished  from  those  of  contusion  without 
fracture,  as  long  as  the  surgeon  refrains  from  such  forcible  manipulations 
as,  by  breaking  up  impaction  and  rupturing  previously  untorn  periosteal 
and  fibrous  bands,  might  succeed  in  eliciting  crepitus  and  producing 
recognizable  displacement.  On  the  other  hand,  the  injunction  cannot 
be  made  too  emphatic  that  such  forcible  manipulations  for  the  purpose 
of  reaching  a  positive  diagnosis  should  never  be  resorted  to.  The 
swelling  of  the  overlying  soft  parts  may  be  such  as  to  obscure  signs 
that  might  otherwise  be  distinguishable.  In  the  examination  of  all 
shoulder- injuries,  all  clothing  should  be  removed  from  the  upper  part 
of  the  body,  so  as  to  permit  a  careful  inspection  of  the  injured  part  and 
its  comparison  with  the  sound  side  by  sight,  touch,  and  measurements. 
Dislocation  at  the  scapulohumeral  articulation  is  first  to  be  excluded  by 
determining  the  presence  of  the  head  of  the  humerus  in  the  glenoid 
cavity.  In  rare  instances  there  occur  simultaneous  dislocation  and 
fracture,  in  which  cases  examination  reveals  not  only  the  absence  of 
the  head  of  the  humerus  from  the  glenoid  cavity  and  its  presence  in 
an  abnormal  situation,  but  also  the  special  signs  of  fracture.  Swelling, 
tenderness  on  pressure,  pain  on  motion,  muscular  spasm,  and  ecchymo- 
sis  are  common  to  all  injuries  :  but  when  they  occur  at  the  shoulder 
after  an  injury  to  the  head  of  the  humerus,  in  the  absence  of  disloca- 
tion, if  they  are  persistent  and  deei>seated,  and  especially  if  the  ecchy- 
mosis  is  extensive  and  is  elTused  beneath  the  deeper  planes  of  tissue,  a 
probable  diagnosis  of  incomplete  fracture,  or  of  fracture  with  impac- 
tion, is  warrantable.  If  by  careful  manipulation,  combining  traction 
with  rotation,  crepitus  is  elicited,  the  diagnosis  is  made  positive.  When 
there  is  no  impaction  and  the  fracture  is  complete,  the  deformity  from 
displacement,  the  false  point  of  motion,  and  the  crepitus  may  combine 
to  declare  unmistakably  the  exact  nature  of  the  injury. 

The  prognosis  in  the  case  of  these  fractures  of  the  humerus  at  the 
shoulder,  so  far  as  union  of  the  fracture  is  concerned,  is  almost  invari- 
ably good.  In  the  cases  of  impaction,  consolidation  of  the  fragments 
in  their  new  relations  occurs  quickly ;  in  fracture  with  imperfectly 
reduced  displacement,  abundant  callus  forms  a  firm  bond  of  union; 
but  in  both  classes  the  irregular  position  of  the  fragments  and  the 
possible  formation  of  osteophytic  masses  may  limit  the  motions  of  the 
shoulder-joint,  and  even  in  the  absence  of  such  bony  obstacles  to  free 
motion,  inlra-articular  fibrous  adhesion  and  thickening  and  contracture 
of  the  peri -articular  tissues  may  greatly  limit,  and  even  totally  destroy, 
the  function  of  the  joint.  Atrophy  of  the  shoulder-muscles  is  the 
rule,  and  in  some  cases  it  is  verj'  notable.  In  the  more  favorable  cases, 
the  stiffness  of  the  joint  and  the  muscular  atrophy  arc  gradually  over- 
come, and  complete  disappearance  of  all  disability  results. 

Trtatmott. — Impacted  fractures,  incomplete  fractures,  and  fractures 
with  little  displacement  require  simply  that  the  parts  should  be  immob- 
ilized and  sup[w>rtcd  by  a  broad  bandage  confining  the  injured  arm  to 
the  side  of  the  chest,  while  the  hand  and  wrist  are  supported  in  a  sling. 
Should  the  primary  swelling  and  pain  attending  the  injuiy  be  marked. 
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they  should  be  allayed  by  rest  in  bed,  and  the  application  for  a  ftw 
days  of  an  ice-bag  or  evaporating  lotions  to  the  shoulder.  After  the 
first  week,  the  muscles  of  the  shoulder  should  be  gently  massaged  daily, 
each  seance  continuing  from  fifteen  to  twenty  minutes,  for  the  purpose  of 
iiiinimizing  muscular  atrophy  and  joint  stiffness.  At  the  beginning  of 
tlif  third  week,  careful  passive  motions  at  the  shoulder  may  be  begun, 
motion  being  never  forced,  but  only  carried  each  time  through  such  a 
riinge  as  provokes  neither  pain  nor  muscular  spasm.  At  the  end  of 
the  fiiurlh  week,  the  restraining  body-bandage  should  be  discarded  and 
active  movements  begun. 

Friuttins  with  displncemeut  at  the  surgical  neck  or  through  the 
epiphyseal  line  must  first  be  reduced  by  traction  and  manipulation. 
The  peculiar  entanglement  of  the  diaphysis  in  the  hollow  of  the  rotated 
epiphysis,  in  cases  of  epiphyseal  separation,  may  require  for  its  relief, 
as  has  been  pointed  out  by  Moore,  that  the  arm  should  be  carried 
upward  and  forward  to  the  perpendicular  line,  while  traction  and 
manipulation  are  made  lo  bring  the  fragments  into  proper  apposition. 
The  arm  is  then  to  be  carefully  brought  down  to  the  side  of  the  body 
and  dressed  as  an  ordinary  fracture.  In  the  rare  instances  in  which  the 
fracture  is  complicated  with  dislocation  at  the  shoulder-joint,  the  dislo- 
cation must  first  be  reduced,  the  dislocated  fragment  being  exposed  by 
incision,  and  replaced  by  a  combination  of  pressure  ajtd  traction  through 
hooks  and  forceps. 

For  the  further  protection  and  immobilization  of  the  fracture  a  splint 
composed  of  several  thicknesses  of  towelling  or  canton  flannel  saturated 
with  plaster  of  Paris  should  be  moulded  to  the  shoulder  and  outside 
of  ihe  arm,  down  to  the  condyle.  This  splint  should  be  made  to 
extend  well  over  the  top  of  the  shoulder  as  a  cap.  Between  the  inside 
of  the  arm  and  the  wall  of  the  thorax  should  be  placed  a  compress 
extending  up  into  the  axilla,  where  it  should  be  thickened  sufficiently 
to  fill  its  hollow,  but  not  enough  to  exert  an>-  tension  on  the  axillary 
muscles.  This  compress  should  be  fixed  in  position  by  adhesive  strips, 
or  a  turn  of  band.^gc  encircling  the  thorax :  the  arm  with  its  external 
plastic  splint  should  then  be  secured  to  the  side  of  the  thorax  by  a 
sufficient  number  of  turns  of  a  broad  roller  bandage,  which  should  in 
its  a[^tication  begin  at  the  lower  part  of  the  humerus  and  gradually 
ascend,  until  it  has  reached  and  co\-ered  in  the  shoulder.  No  attempt 
to  immobitixe  the  elbow-joim  .^ould  be  made,  and  the  anterior  half  of 
the  fiMvann  is  iv>  be  sujiportcd  by  a  sling,  so  that  the  natural  extension 
exerted  b\-  the  wvighl  of  that  portion  of  the  extremiij-  bcknr  the  fract- 
ure may  n«it  be  inteileml  with.  Such  mK^ustiDcnts  of  dressings  vill 
be  ttoAc  ErxMn  time  to  dme  as  a»y  be  requirrd  (or  tbc  comibn  of  tbc 
pMteM  and  the  continued  control  of  the  fracture.  Exri\*  reswt  to 
■ussa^  is  not  so  imponant  as  in  tbc  fractures  of  the  bead  of  tbe  bone, 
and  it  usu.tlh-  should  be  tHcnrd  undl  tbc  third  <*vek.  Passive  toove~ 
ments  may  be  begun  at  the  ct»d  of  tbe  founh  w«ck.  xoA  acti^x  mcnv- 
nents  will  be  rvrsumed  wbcnc\-ei-  examiitatian  sbow^  fim  coaeolidaiiati 
(O  bax'e  taken  place 

Fnctoras  af  tbe  shall  of  th>  Iw—MWi.  ibc  tower  larit  of  Ifce  shaft 
bcir^  con5Mierrd  as  th<-  bcginmi^  of  dK  niifaw^  and  ^memm^  of  tbe 
bone  about  i  incbes  jAmmv  the  tmblear  sw&ce,  nuy  pvicsait  m  <fifier- 
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ent  cases  every  variety  of  break  and  every  form  of  displacement  that 
may  occur  in  long  bones.  Direct  violence  Is  the  most  frequent  cause, 
but  breaks  due  to  indirect  violence  are  not  infrequent,  while  occasional 
cases  are  attributable  to  muscular  strain  alone.  The  character  of  dis- 
placement is  determined  largely  by  tlie  direction  of  the  original  break- 
ing force,  but  muscular  contraction,  also,  is  active  in  modifying  it, 
diiTering  in  direction  and  power  according  In  the  relation  of  the  seat  of 
fracture  to  the  muscular  attachments  and  to  the  obliquity  of  the  fracture 
itself.  Injury  to  the  brachial  blood-vessels  may  complicate  the  fracture, 
cither  as  the  result  of  the  primary  violence,  or,  later,  from  the  pressure 
of  a  projecting  fragment.  Such  injury  is  fortunately  rare,  but  as  it  may 
be  the  cause  of  gangrene  in  the  distal  part  of  the  extremity,  its  possi- 
bility should  be  kept  in  mind  in  cases  of  crushing  injuries  of  the  arm, 
lest  blame  for  the  subsequent  unavoidable  gangrene  should  be  improp- 
erly imputed  to  the  treatment  u>ied.  In  like  manner,  the  principal 
nerve-trunks  may  be  injured.  The  musculospiral  nerve,  from  its  close 
relation  to  the  bone  through  so  large  a  part  of  its  course,  is  especially 
exposed  to  such  injury,  or  is  liable  later  to  become  enclosed  and 
compre.sscd  by  exuberant  callus. 

'Wit  diagnosis  o{  fracture  of  the  shaft  presents  no  difficulties  ;  the  typ- 
ical signs  of  fracture  declare  themselves  to  the  most  casual  examination. 

The  prognosis  should  always  be  guarded,  for  although  in  most  cases 
strong  consolidation  of  the  fracture  occurs  as  soon  as  in  other  long 
bones,  yet  failure  of  bony  union  is  more  frequent  in  this  region  than  in 
any  other  part  of  the  skeleton,  except  the  patella.  Agnew.  in  his 
treatise  on  surgery,  gives  the  results  of  a  search  through  literature  for 
reports  of  cases  of  ununited  fracture.  Of  the  cases  collated  by  him, 
the  more  important  regions  give,  of  the  bones  of  the  forearm.  76  cases  ; 
of  the  thigh,  131  ;  of  the  leg.  180;  of  the  arm,  3ig.  Various  reasons 
have  been  suggested  in  explanation  of  this  special  frequency  of  repara- 
tive failure  in  the  humerus,  but  it  is  not  necessary  to  go  further  than 
defective  immobilization,  due  to  common  methods  of  treatment,  whereby 
the  lower  fragment  and  the  forearm  are  converted  into  a  continuous 
long  lever,  the  inevitable  frequent  movements  of  whose  distal  end  are 
transmitted  to  the  point  of  fracture,  and  are  not  controlled  by  sufficient 
firmness  or  extent  of  grasp  of  the  dressings  upon  the  upper  fragment. 
Some  shortening  is  inevitable  in  obhque  fractures,  but  of  itself  is  of  no 
importance,  since  it  does  not  interfere  with  the  norma!  function  of  the 
arm.  Rotary  displacement  is  of  more  importance,  but  can  be  guarded 
against  by  ob.serving  the  precaution,  when  applying  the  dressings,  to 
see  that  a  line  drawn  from  the  greater  tuberosity  to  the  external  condyle 
is  parallel  to  the  axis  of  the  shaft  of  the  bone. 

Tri-atment. — Reduction  of  any  displacement  is  first  to  be  secured  by 
extension  and  manipulation  ;  when  the  break  is  attended  with  extensive 
bruising  of  the  soft  parts,  as  is  not  infrequently  the  case  in  fracture  from 
direct  violence,  the  patient  should  be  kept  in  bed,  while  the  arm  is  sup- 
ported on  pillows  and  an  evaporating  lotion  kept  applied  to  the  injured 
area  until  the  primary  swelling  has  begun  to  subside — a  period  ordi- 
narily of  from  five  to  eight  days.  Meanwhile,  the  signs  of  serious 
injury  to  blood-vessels  or  ncr\'c-tninks  should  be  sought  for.  and.  if 
found,  the  special  treatment  indicated  for  the  particular  injury  resorted 
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to.  If  the  blood-supply  to  the  distal  part  of  the  extremity  is  found  to 
be  compromised,  all  dressings  that  may  produce  constriction  or  pressure 
must  be  absolutely  discarded. 

Signs  of  finyer-  and  wrist-paralysis  should  be  carefully  sought  for 
both  in  the  primary  examination  in  every  case  of  fracture  of  the  humerus 
and  at  the  later  dressings,  for  nerve-injury  i.s  more  frequently  occasioned 
by  later  pressure  from  a  displaced  fragment,  or  by  involvemenl  in  the 
exuberant  callus  attending  imperfect  reduction,  or  by  the  pressure  of 
the  dressings  applied,  than  by  the  original  fracturing  force.  The  rear- 
rangement of  dressings  to  avoid  pressure,  and  whatever  procedure  may 
be  required  to  secure  a  more  complete  restoration  of  the  proper  relations 
of  the  fragments,  even  to  incision  and  suture  if  necessary,  should  follow 
at  once  the  discovery  of  signs  of  nerve-pressure.  In  cases  of  later 
imprisonment  in  callus  or  cicatricial  tissue,  the  nerve  should  be  relieved 
by  operatirin  at  the  earliest  possible  moment. 

Immobiliz.itLon  at  the  seat  of  fracture  at  any  point  along  the  shaft  is 
best  secured  by  utilizing  the  wall  of  the  thorax  as  an  internal  splint, 
bandaginf.;  the  arm  to  it.  The  movements  of  respiration  and  the 
unavoidable  beiidings  of  the  trunk  do  not  create  such  motion  at  the 
seat  of  fracture  as  to  disturb  the  progress  of  repair.  Between  the 
thoracic  wall  and  the  arm  should  be  interpo.sed  a  soft  compress,  which 
should  be  graduated  in  thickness  at  various  parts,  so  as  to  fill  up  the 
intervening  space  fully  and  afford  even  support  to  the  humerus.  To  the 
outside  of  the  arm,  from  shoulder  to  elbow,  should  be  moulded  the 
plaster-of- Paris  splint  described  in  the  preceding  section.  In  cases  of 
fracture  at  the  middle  of  the  shaft,  a  coaptation  splint  of  wood,  long 
enough  to  reach  from  axilla  to  condyle,  and  of  a  breadth  slightly 
exceeding  the  diameter  of  the  arm,  well  padded  with  cotton  wool, 
should  be  adjusted  to  the  inner  side  of  the  arm,  and  secured  in  place 
by  three  strips  of  adhesive  plaster  made  to  encircle  the  external  plaster 
splint.  The  arm  is  now  to  be  bandaged  to  the  side  of  the  thorax  by  a 
roller  which,  beginning  just  above  the  elbow,  gradually  ascends  with 
successive  turns  until  it  has  enclosed  the  shoulder.  The  forearm 
should  then  be  brought  in  front  of  the  chest  at  a  slightly  acute  angle, 
the  comfort  of  the  patient  being  consulted  as  to  the  exact  position,  and 
fixed  in  place  by  a  separate  roller,  which  should  cover  in  only  the 
anterior  half  of  the  forearm.  By  this  dressing  the  elbow  is  left  uncov- 
ered, any  tendency  to  press  the  lower  fragment  upward  is  avoided,  and 
the  use  of  the  weight  of  the  forearm  for  continuous  extension  is  in 
some  degree  preserved.  Should  marked  shortening  persistently  recur 
after  reduction,  this  natural  extension  force  can  be  increa.sed  bj'  slinging 
such  amount  of  weight  from  the  elbow  as  may  be  necessary  to  over- 
come the  tendency  to  shortening.  In  fractures  through  the  lower  third 
of  the  shaft,  the  lower  fragment  is  apt  to  be  tilted  forward  by  the 
action  of  the  triceps  muscle  and  the  weight  of  the  forearm.  To  over- 
come this  tendency  it  is  necessary  to  place  the  elbow  at  a  more  acute 
angle  for  the  first  two  weeks. 

NoH-uniou. — Should  firm  union  fait  to  be  secured  by  the  treatment 
described  by  the  end  of  six  weeks,  massage  and  hammering  over  the 
site  of  the  fracture  may  be  applied  twice  each  week,  the  immobilization 
of  the  parts  being  maintained  in  the  intervals.     If,  after  from  four  to 
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six  weeks  of  this  special  treatment,  union  is  still  delayed,  the  fracture 
should  be  exposed  by  suitable  inci'^ion  in  the  lonj^  axis  of  the  limb, 
and  the  ends  of  the  bones  freshened  and  dovetailed  into  each  other 
and  fastened  together  by  heavy  silver-wire  sutures.  A  more  exact 
retention  of  the  bone-ends  in  apposition  can  be  secured  by  the  device 
of  White,  who  used  a  steel  plate  '\  inch  wide  and  3  Inches  in  length, 
pierced  by  two  screw-holes  in  each  half.  Thi.i  plate  is  placed  upon 
the  surface  of  the  apposed  denuded  botie-iragments,  and  secured  by 
screws  which  are  driven  into  holes  in  the  bone  made  by  a  drill.  At 
the  end  of  six  or  eight  weeks,  the  soft  parts  are  again  divided  suf- 
ficiently to  enable  the  surgeon  to  remove  the  screws  and  withdraw  the 
plate,  in  all  these  procedures  special  care  is  required  to  avoid  injury 
to  the  main  vessels  and  nerves  of  the  arm. 

Fractures  of  the  lower  extremity  of  the  humerus  are  of  frequent 
occurrence,  both  from  tlic  direct  force  of  falls  upon,  or  blows  received 
by.  the  elbow,  and  the  indirect  force  of  falls  upon  the  outstretched 
hand.  They  are  especially  frequent  during  childhood.  The  line  of 
fracture  may  extend  transversely  above  the  condyle  or  through  the 
epiphyseal  line  in  young  subjects ;  it  may  be  limited  to  the  chipping 
away  of  a  small  fragment  of  either  condyle,  or  the  fracture  may  sepa- 
rate the  entire  mass  of  the  condyle  and  open  into  the  cavity  of  the 
elbow-joint.  By  the  comminution  of 
the  lower  fragment  a  transverse  supra- 
condyloid  fracture  may  communicate 
with  the  elbow-joint  through  a  longi- 
tudinal line  of  fracture  (Fig.  235).  Dis- 
location of  the  ulna  or  radius  at  the 
elbow  is  a  not  infrequent  complication; 
and  fracture  of  the  upper  end  of  the 
radius  or  ulna  is  an  occasional  con- 
comitant of  any  of  the  above-mentioned 
fractures  of  the  humerus,  the  injuries 
being  the  result  of  severe  crushing  vio- 
lence, and  often  compound  in  character. 

The  involvement  of  the  elbow-joint, 
either  directly  or  indirectly,  gives  espe- 
cial gravity  to  fractures  of  the  lower  end 
of  the  humerus.  Some  limitation  of  the 
motions  of  this  joint  is  the  rule  after 
fracture  in  its  vicinity,  and  complete 
ankylosis  is  not  infrequent.  The  exact 
retention  of  the  fragments  in  their  proper 
positions  is  difficult  to  maintain,  owing 
to  the  leverage  of  the  bones  of  the  fore- 
arm with  which  the  tower  fragment 
remains  attached;  and  slight  displace- 
ment is  enough  to  alter  materially  the 
symmetry  of  the  elbow,  and  often  to 
impair  its  function  by  occasioning  a  me- 
chanical obstacle  to  the  full  normal  range  of  motion.  Even  in  the 
absence  of  malpxisition,  new -format  ions  of  bone  from  exuberant  callus 


KlC  335. — Supfnconrtyloid  (tant- 
vpret  ffiicruET  of  !hc  lower  rnd  of  Ihd 
humerus,  with  tongimdinal  fissure  into 
1I1P  etljow-j/iinr  (T-fmcmre ). 
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may  produce  the  same  effect,  or  may  absolutely  ankylose  the  joint. 
Some  thickening  and  contraction  of  the  capsular  and  peri-articular 
tissiicH,  as  the  immi-'diati.-  result  of  the  injury,  is  usual  and  unavoidable ; 
and  when  true  iiiflaniniation  is  provokeil  by  infection  or  repeated  trau- 
matism, permanent  contractures  and  adhesions,  that  may  produce  a 
prolonged  or  even  definitive  limitation  of  motion,  arc  likely  to  result. 

Oblique  fracture  of  a  condylt\  the  line  of  fracture  entering  the  joint, 
is  the  most  common  variety  of  fracture.  Both  condyles  seem  to  be 
about  equally  exposed  to  fracture.  The  direction  of  the  line  of  fract- 
ure separating  the  mUrnal  iondylc  is  a  fairly  uniform  one,  beginning 


Yvi.  136. — Fraclure  of 
■he  inlenial  condyle 
(HatnillonJ, 


Fli;.  137. — Fracture  of 
the  cilernal  condyle 
(Hamilton). 


Fig.  338. — Fructure  above  the 
condyles,  with  longitudinal  fissure 
into  elbow-joint  (Hollaj. 


somewhat  above  the  ba.se  of  the  epicondylc,  and  extending  obliquely 
outward  and  downward  through  the  olecranon  and  coronoid  fossa:  to 
the  center  of  the  trochlear  surface.  The  contractions  of  the  triceps 
and  brachialis  anticus  muscles  upon  the  ulna  tend  to  pull  it  and  its 
attached  condyloid  fragment  upward  as  far  as  the  attachments  of  the 
radius  will  allow.  This  tendency  to  upward  displacement  is  increased 
by  any  pressure  upon  the  under  surface  of  the  olecranon  or  by  lateral 
movements  of  the  forearm  iritemally.     Some  rotation  of  the  condyloid 


Fjg.  939. — CJun&Lo(;k  dt'Tormity  at  elbow,  following  fracture  of  either  condyle  of  the 

hiimenii  (AUii). 

fragment  with  anterior  displacement  is  caused  by  extending  the  fore- 
arm. The  effect  of  any  upward  displacement  is  to  lessen  tlie  normal 
humero-ulnar  angle  and  to  convert  it  into  an  abnormal  one  in  the 
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opposite  direction,  producing  the  deformity,  familiar  by  its  frequency, 
called  the  "  fjunstock  "  deformity,  shown  in  Fig.  239. 

The  external  condyle  may  be  detached  by  a  line  of  fracture  that 
enters  the  Joint  at  some  point  of  the  capitellmn,  or  that  extends  more 
internally  to  the  trochlea.  The  extensor  and  pronator  muscles  that 
arise  from  it  tend  to  pull  it  forward  and  downward,  while  the  mobility 
of  the  condyle  permits  internal  lateral  deflection  of  the  forearm  at  the 
elbow,  producing  again  loss  of  the  normal  humcro-ulnar  angle  and  the 
gunstock  deformity. 

In  supraeondyhid  transx'erse  fractures,  the  lower  fragment  is  usually 
displaced  backward  and  is  drawn  upward  behind  the  lower  end  of  the 
upper  fragment.  The  deformity  simulates  very  closely  that  produced 
by  backward  dislocation  of  the  bones  of  the  forearm  at  the  elbow,  and 


Fig.  340. — Supiucondyloid  ftaclure  of  the  humerus,  lower  pari  displaced  liackmrd ; 
epiphysis  of  the  olccnnon  indicates  Ihe  youlhlul  .-lyc  o(  Ihe  palieni  (MortonI  t^luagniph  by 
Goodspeed). 

in  the  presence  of   swelling  and  muscular  rigidity  requires   careful 
examination  for  its  discrimination. 

The  line  of  separation  may  follow  the  epiphyseal  line,  in  which  case 
the  fragment  formed  by  the  epiphysis  may  still  more  readily  escape 
recognition  by  reason  of  its  thinnefss.  The  replacing  of  the  fragments 
in  their  proper  relations  to  each  other  is  easily  accomplished  by  exten- 
sion and  manipulation  while  the  elbow  is  flexed  at  a  right  angle,  but 
the  displacement  tends  at  once  to  recur  as  soon  as  the  retaining  forces 
are  removed.  Union  may  take  place  with  the  fragments  incompletely 
reduced,  causing  a  permanent  mechanical  obstacle  to  the  full  flexion  of 
the  elbow.  Rotary  displacement  of  the  lower  fragment,  induced  by  the 
leverage  of  the  forearm  bones,  may  readily  occur,  unless  care  is  taken 
to  avoid  it  in  the  course  of  treatment.  Supracondyloid  fracture  with 
comminution  of  the  lower  fragment  results  from  violence  of  special 
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Flc;.  141. 


■Supmciindyloid  fracture  of  Ihe 
humerus  (Hoffa). 


severity,  and  is  often  accompanied  by  lacerations  of  the  overlying  soft 

parts,  that  expose  the  fracture  to  septic  infection.     Even  in  the  absence 
of  infection,  the  effusion  into  and  about  the  joint  is  extreme  in  amount, 

the  development  of  callus  is  espe- 
cialiy  liable  to  be  excessive  and  so 
placed  as  to  interfere  with  the  func- 
tion of  the  joint,  and  the  difficulties 
attending  the  proper  reduction  and 
retention  in  place  are  so  great  that 
marked  deformity  is  often  unavoid- 
able. 

The  tip  of  either  condyle  may  be 
chipped  oft"  by  a-  direct  blow,  and 
may  become  displaced  downward  by 
muscular  traction.  The  line  of  fract- 
ure docs  not  involve  the  joint,  nor 
does  the  displacement  impair  func- 
tion. The  injury  is  a  relatively  in- 
significant one. 

'\\\e  diagnosis  of  fr.ictures  at  the 
lower  end  of  the  humerus  requires 
for  its  satisfactory  establishment  care- 
ful and  minute  comparison  of  the 
anatomical  landmarks  of  the  region. 
These  are  often  obscured  by  the  great  swelling  that  quickly  follows  inju- 
ries at  tlie  elbow,  and  their  satisfactory-  examination  can  often  only  be 
done  under  general  anesthesia,  especially  in  the  cases  of  children,  in 
whom  most  of  these  fractures  occur.  Supracondyloid  fracture  is  to  be 
distinguished  from  backward  dislocation  of  the  ulna  and  radius  by  the 
unchanged  relations  of  the  condyles  and  the  olecranon,  by  the  recog- 
nition of  the  irregular  outline  presented  bj'  the  projecting  surfaces  of 
the  displaced  fragments,  by  the  shortening  of  the  humerus,  proven  by 
measurement  from  the  tip  of  the  acromion  to  the  condyle,  by  the  facility 
of  reduction  followed  by  tendency  to  red  isp  I  a  cement,  and  by  the  crepitus 
elicited  when  the  fragments  are  brought  down  into  place.  The  presence 
and  location  of  oblique  condyloid  fractures  is  best  determined  by  grasp- 
ing the  lower  end  of  the  humerus  by  the  fingers  of  one  hand,  and  with 
the  other  rocking  the  bones  of  the  extended  forearm  from  side  to  side ; 
the  broken-off  condyle  is  felt  to  move  with  the  bones  of  the  forearm, 
producing  a  lateral  mobility  at  the  elbow,  which  is  never  present  in  the 
normal  condition  of  the  joint.  Crepitus  is  elicited  by  these  maneuvers. 
and  the  presence  and  extent  of  displacement  are  appreciated  by  pal- 
pation. 

In  the  trfiUnicnt  of  all  fractures  at  the  lower  extremity  of  the 
humerus,  accurate  and  speedy  reposition  of  the  fragments  is  of  high 
importance.  This  can  usually  be  readily  effected  by  manipulation  and 
extension  while  the  elbow  is  flexed  at  a  right  angle,  in  which  position 
the  most  general  relaxation  of  the  tissues  in  and  about  the  joint  is 
present.  As  to  later  retention,  this  position  has  the  disadvantage  that 
the  relaxed  tissues  favor  consecutive  renewed  displacement,  which  may 
be  caused  by  the  mere  pressure  of  dressings  and  the  weight  of  the 
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extremity  supported  in  the  customary  siing,  even  in  the  absence  of 
muscular  contraction  and  deviations  of  the  bones  of  the  forearm  from 
their  proper  axis.  By  placing  the  forearm  in  the  extended  position  the 
humero-ulnar  angle  can  be  kept  under  control;  but  some  anterior 
rotation  of  a  condyloid  fragment  is  inevitable,  and  some  posterior  and 
rotary  displacement  of  the  lower  fragment  in  cases  of  supracondyloid 
fracture  is  difficult  to  prevent,  the  probabilities  of  later  functional 
impairment  of  the  joint  are  increased,  and  in  cases  of  ankylosis  the 
position  of  the  joint  is  the  most  objectionable  that  could  be  produced. 
H.  L.  Smith  has  shown  that  in  all  cases  of  fracture  of  the  lower 
extremity  of  the  humerus,  the  posi- 
tion in  which  the  fragments  are  held 
most  firmly  in  place  and  are  least 
susceptible  to  displacement  from 
forces  acting  from  without  is  that  of 
flexion  at  an  angle  as  acute  as  the 
comfort  of  the  patient  will  allow. 
In  this  position  the  fragments  are  all 
held  locked  between  the  coronoid 
process  in  front  and  the  ligamentous 
and  musculotendinous  structures 
behind.  Unless  proper  adjustment 
of  the  fractured  surfaces  has  been 
secured,  full  flexion  at  the  elbow 
cannot  be  made,  so  that  it  is  essential 
that  this  adjustment  be  first  secured 
before  attempting  to  bring  the  fore- 
arm into  the  acute  flexion  required. 
The  fragments  having  been  adjusted 
and  the  forearm,  semi-prone,  brought 
up  into  full  flexion,  it  remains  only 
to  hold  the  forearm  in  this  position  by 
a  broad  figure-of-8  bandage  around  the  elbow  and  body,  as  shown  in  Fig. 
242.  No  further  retentive  dressing  is  required.  Should  the  acuteness  of 
the  flexion  be  found  to  be  so  sharp  as  to  interfere  with  the  distal  arterial 
supply,  or  should  it  become  painful  on  account  of  later  swelling,  the  angle 
must  be  made  greater;  otherwise,  the  original  position  should  be  main- 
tained until  consolidation  of  the  fracture  is  well  advanced.  In  cases  of 
open  infected  fracture,  the  same  position  should  be  maintained,  abundant 
access  to  the  elbow  for  the  necessary  special  dressings  being  aflbrded. 
In  the  latter  case,  before  final  consolidation  has  supervened,  in  view  of 
probable  ankylosis,  the  forearm  should  be  dropped  to  the  angle  most 
convenient  for  the  future  usefulness  of  the  hand.  Should,  for  any 
reason,  the  position  of  acute  flexion  described  be  found  to  be  intoler- 
able or  inadvisable,  the  forearm  may  be  brought  down  to  the  position 
of  a  right  angle  and  immobilized  by  a  plastic  splint,  preferably  of 
canton  flannel  or  similar  material  saturated  with  plaster-of- Paris  cream, 
moulded  to  the  anterior  surface  of  the  arm  and  forearm,  reaching  from 
axilla  to  wrist,  and  embracing  two-thirds  of  the  circumference  of  the 
hmb.  An  angular,  narrow  strip  of  metal  should  be  incorporated  in 
this  splint  to  reinforce  it. 


Flc,  j^a. — Figiirc-of-a  elbow  bandnge 
fur  immgbibiing  fot&irni.  with  acute 
flexion  of  clbuw  (Lutid). 
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No  essay  at  passive  motion  should  be  made  before  the  fourth  week, 
and  even  then  it  should  be  restricted  to  that  ranj^e  of  motion  which 
can  be  made  without  the  use  of  force  and  without  causing  pain. 
Earher  and  forcible  attempts  at  mobilization  disturb  the  adjustment  of 
the  fragments,  increase  the  amount  of  callus-formation  and  of  the 
inflammatory  exudation  into  and  about  the  joint,  and  exaggerate  the 
danger  of  ultimate  permanent  ankylosis.  By  the  sixth  week  all  dress- 
ings may  usually  be  laid  aside  and  active  use  of  the  extremity  be 
resumed.  The  moderate  stiffness  generally  present  gradually  dis- 
appears spontaneously  within  a  few  weeks.  If  an  ankylosis  due  to 
newly  formed  bands  of  adhesion  is  found  to  persist,  later  forcible  rupture 
under  ether  must  be  done.  Masses  of  excessive  callus  or  bone- 
fragments  healed  in  malposition,  interfering  with  the  useful  motion  of 
the  joint,  call  for  incision  and  the  chisel  for  their  removal. 

The  Bones  of  the  Forearm. — Fractures  of  the  bones  of  the 
forearm  fall  naturally  into  three  groups:  i.  Those  in  the  vicinity  of 
the  elbow ;  2.  Those  involving  the  shaft  of  one  or  both  bones ;  3.  Those 
at  the  wrist.  Of  the  first  group,  the  most  frequent  injury  is  fracture 
of  the  olecranon  process  of  the  ulna,  more  rarely  that  of  the  head  or 


Fig.  a43. — Fracture  of  ibe  olecranon,  with  displacemem  (Hoffa). 

neck  of  the  radius,  and  still  more  rarely  that  of  the  coronoid  process 
of  the  ulna.  Combination  of  one  or  more  of  these  fractures  with 
fracture  of  the  lower  extremity  of  the  humerus,  or  with  dislocation  at 
the  elbow,  is  occasionally  met  with. 

The  olecranon  may  be  fractured  either  by  direct  force  applied  to 
the  point  of  the  elbow,  or  by  cross-breaking  strain  excilcd  through 
the  forearm  as  a  lever  while  the  triceps  is  in  tense  contraction. 

The  liability  to  displacement  of  the  upper  fragment  by  the  con- 
tractions of  the  triceps  muscle  will  depend  upon  the  extent  to  which 
the  tendino-aponeurotic  fibers,  which  closely  invest  the  process,  are 
lacerated.  When  these  are  freely  torn,  the  bone-fragment  may  be 
drawn  upward  to  the  extent  of  an  inch  or  more,  the  displacement  being 
increased  by  flexion  of  the  joint.  Fractures  by  direct  force  present 
the  least  degrees  of  aponeurotic  laceration,  and  as  a  class  the  least  dis- 


J 


SPECIAL   FRACTURES. 


549 


placement.  Whenever  there  is  much  separation  of  the  fragments,  their 
fracture-surfaces  become  more  or  less  fully  invested  by  a  fringe-like 
apron  of  the  stretched  and  lacerated  aponeurosis  which  has  dropped 
down  into  the  gap  and  remains  as  an  obstacle  to  full  coaptation  and 
osseous  union. 

The  symptoms  produced  by  the  injury  are  diminution  or  loss  of  the 
power  of  extending  the  forearm,  with  pain  and  tenderness  at  the  point 
of  injury,  mobility  of  the  detached  fragment  when  manipulated  by  the 
surgeon,  and  deformitj'  in  many  cases  caused  by  the  upward  displace- 
ment of  the  detached  fragment,  leaving  a  gap  where  the  point  of  the 
elbow  should  be,  as  shown  in  Fig.  243.  Crepitus  may  or  may  not  be 
elicited,  according  to  the  absence  or  presence  of  fibrous  tissue  between 
the  fragments  when  they  are  brought  together.  More  or  less  ecchy- 
mosis  early  declares  itself,  together  with  marked  effusion  into  and  about 
the  elbow-joint.  The  prominence  of  the  process  and  its  subcutaneous 
position  render  the  diagnosis  of  its  fracture  easy.  The  repair,  when  the 
fracture  is  not  open  and  infected,  ordinarily  progresses  without  special 
complication.  The  swelling  subsides  promptly,  and  union  may  be 
secured  by  the  fourth  week,  with  fair 
restoration  of  function  after  the  disap- 
pearance of  the  peri-articular  rigidity; 
some  limitation  to  full  normal  extension 
is  an  occasional  permanent  sequel.  Bony 
union  is  frequently  prevented  by  the 
interposition  of  fibrous  material  between 
the  fragments  (Fig.  244). 

In  the/r<Wwc«/,  if  the  fibrous  attach- 
ments of  the  fragments  are  sufficiently 
intact  to  hold  them  together,  so  that  the 
upper  fragment  is  not  separated  from 
the  lower  in  moderate  flexion,  the  limb 
may  be  immobilized  in  the  partly  flexed 
position,  which  will  be  greatly  to  the 
comfort  of  the  patient.  If,  however, 
such  flexion  separates  the  fragments,  or 
the  upper  fragment  is  already  drawn 
upward,  the  forearm  mu.st  be  kept 
extended  until  consolidation  has  become 
firm.  The  extended  position  alone  is 
usually  sufficient  to  bring  the  fragments 
into  apposition.  If  position  fails  to  bring 
the  fragments  together,  it  has  been  rec- 
ommended to  attempt  to  pull  the  upper 

fragment  down,  and  hold  it  in  place  by  a  strip  of  adhesive  plaster  so 
applied  to  the  skin  above  it  that  downward  traction  may  be  made  by 
the  two  ends  of  the  plaster,  which  are  then  secured  to  the  front  of  the 
forearm  below.  Such  a  device  has,  however,  but  little  control  over  the 
underlying  bone-fragment  unless  it  so  completely  encircles  the  limb 
that  it  unduly  constricts  it,  and  inevitably  so  aggravates  the  local  con- 
gestion and  exudation  into  and  about  the  elbow-joint  as  to  endanger  its 
later  function  more  than  would  the  formation  of  the  fibrous  union  which 
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Fio.  «44.— Fracture  of  the  otectanon, 
with  libraus  union  (Atigcr), 
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it  is  intended  to  prevent.  It  is  better,  if  the  fragment  cannot  be  kept 
down  in  place  by  position,  that  the  fracture  should  be  exposed 
by  incision,  and  accurate  coaptation  secured  by  sutures  after  the 
removal  of  all  fibrous  tissue  and  blood-clot  from  the  face  of  the 
fracture-surfaces.  Usually  it  will  be  possible  to  bring  and  hold 
together  the  fragments  by  chromicized  catgut  sutures  applied  to  the 
periosteum   and   tendino-aponeurotic   coverings   only.     Should   these 


Fig.  345. — Grec]i5iick  ti  .lolure  of  Ihe  shaft  of  ihe  ulna,  wilh  fracture  through  the  epiphyseal 
lioE  of  the  head  of  the  radius,  and  marlspd  displacemeiU  outward  f>f  the  upper  end  of  IhC 
diaphyjis  of  the  radms.  simulating  diBiocation  of  the  head  of  the  radius  (skiagraph  by  Steu'art). 

prove  insufficient,  silver-wire  sutures  may  be  inserted  through  the  bone- 
substance.  If  the  fracture  is  already  exposed  by  a  wound,  suturing  is 
indicated  as  a  routine,  coupled  with  abundant  provision  for  free  primary 
drainage,  which  will  have  to  be  prolonged  should  infection  not  be 
escaped.  As  in  other  joint-fractures,  such  effusion  into  the  joint  and 
swelling  of  the  surrounding  tissues  may  supervene  as  to  require  that 
treatment  at  first  be  limited  to  placing  the  limb  in  as  comfortable  a  posi- 
tion as  possible  upon  a  pillow  and  applying  to  it  evaporating  lotions,  or 
a  bag  of  ice,  until  the  primary  local  reaction  has  subsided. 
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For  immobilizing  the  elbow  during  repair,  a  well-padded  splint  is  to 
be  adjusted  to  the  anterior  surface  of  the  forearm  and  arm,  and  secured 
by  a  roller  bandage.  By  the  end  of  the  fourth  week  the  splint  may  be 
dispensed  with,  and  massage  and  movements  instituted. 

Thecoronoid  process  may  be  chipped  off  by  being  driven  against 
the  articular  surface  of  the  humerus  in  the  act  of  a  dislocation  back- 
ward of  the  ulna.  Such  injury  i.s  infrequent.  Still  more  rarely  thi.s 
process  has  been  found  to  have  been  torn  away  as  a  part  of  the  injury 
resulting  from  a  crush  of  the  elbow.  The  fragment  will  usually  retain 
sufficient  attachments,  through  untorn  perio.steal  and  tendinous  fibers. 


Fig.  346  — Fracture  of  radiu'»  and  ultia 
near  Uitfir  1'iw«r  rnd ;  anieroposlerior 
VIEW.  Kpipliysenl  carlilogM  especially 
disimcl,  (Hillinlng  the  limcr  epiphyses 
IWutrenl.  for  Ulcral  view  uf  iomt  in- 
jury, im  Fig.  147. 


Fli;.il7.  — rraclute  of  bones  odlie  forearm 
nertt  Ihcir  lower  ciiremily.  wiih  posterior  dis- 
placement of  Ihe  lower  fragment  (Warren). 


to  prevent  much  displacement.  If  examination  is  made  before  much 
swelling  has  supervened,  it  may  be  appreciated  as  a  movable  mass  at 
the  bend  of  the  elbow,  by  the  manipulation  of  which  crepitus  may  be 
elicited.  In  cases  of  coexistent  dislocation,  the  dislocation  is  readily 
reducible  and  as  readily  recurs.  Repair  by  bony  union  is  to  be  expected 
under  proper  treatment.  The  treatment  required  is  fixation  of  the  elbow 
in  acute  flexion,  as  already  described  for  the  injuries  involving  the  lower 
end  of  the  humerus. 

The  head  ol  the  radius  may  have  more  or  less  of  its  articular  rim 
split  off  by  the  same  forces  as  h.ive  just  been  mentioned  in  connection 
with  the  coronoid  process  of  the  ulna;  the  two  injuries  may  occur  coin- 
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cideiitly.  The  special  symptoms  to  which  this  injury  gives  rise  are  pain 
and  crepitus,  caused  by  efforts  at  rotation.  In  some  cases  the  detached 
fragment  has  been  appreciable  as  a  movable  piece  lying  between  the 
olecranon  and  the  head  of  the  radius. 

The  line  of  fracture  may  be  more  or  less  transverse  through  the 
neck  of  the  radius,  or  through  the  epiphyseal  line  in  young  subjects 
(Fig.  245).  in  which  case,  in  addition  to  pain  and  crepitus  on  rotation  of 
the  forearm,  anterior  displacement  of  the  upper  end  of  the  lower  frag- 
ment from  contraction  of  the  biceps  muscle  may  be  sufficient  to  cause 
a  noticeable  projection.      Fracture  at  the  upper  end  of  the  radius  may 


Fic.  348.— Frncluie  of  bones  ol  tlie  (urearm.  with  angular  displacemenl  (Warren). 

readily  be  followed  by  total  loss  of  the  power  of  rotation,  from  obstruc- 
tion caused  by  the  fragment  healed  in  displacement,  or  from  welding 
together  of  the  radius  and  ulna  by  vicious  callus.  The  treatment  required 
is  immobilization  in  the  flexed  position. 

The  bones  of  the  forearm  alon};  their  shaft  are  the  frequent  sub- 
jects of  fracture,  both  from  direct  violence  and  from  the  indirect  force  of 
falls  upon  the  hand.  Instances  of  fracture  from  muscular  action  alone 
have  been  reported.  Incomplete  or  greenstick  fractures  are  met  with 
more  frequently  in  these  bones  than  elsewhere,  with  the  possible  excep- 
tion of  the  clavicle.  All  the  varieties  of  fracture  to  which  long  bones 
are  liable  may  be  presented  by  the  bones  of  the  forearm  (Fig.  246). 

Displacement,  angular  or  by  overriding,  is  common.     Lateral  dis- 
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placement  from  pressure  of  dressings  or  muscular  contraction  may 
cause  such  encroachment  upon  the  interosseous  space  as  to  limit  rota- 
tion, or  by  the  welding  together  of  the  two  bones  to  destroy  it  altogether 


Fib.  >49. — Compound  fcaclure  of  (he  ulna,  wiih  diilocalion  of  llif  head  of  ihe  radius  (Good- 

i(>rcd), 

(Fig.  250).  When  the  point  of  fracture  in  the  radius  is  located  above 
the  insertion  of  the  pronator  radii  teres  muscle,  the  upper  fragment  is 
liable  to  become  supjnated  by  the  unopposed  action  of  the  biceps, 
requiring  the  whole  forearm  to  be  kept  in  supination  until  consolidation 
is  secured,  to  avoid  the  loss  of  function  from  the  rotarj'  displacement. 


FJG-  350.— FracTure  of   ihe  rtdms  anil   uln^,  wnh  exiiTtcnint  ossiTicd  c.nlluf  iinrling  the  Iwo 

bon<.-s  {W';krrcn  Muvuni). 

The  diagnosis  presents  no  difficulties,  owing  to  the  superficial  posi- 
tion of  the  bones  and  the  readine.ss  with  which  the  characteristic 
symptoms  of  fracture  may  be  elicited. 

The  coyrsi-  of  the  healing,  as  a  rule,  is  uncomplicated  and  leads  to 
full  bony  union  in  from  four  to  six  weeks.  The  presence  of  comminu- 
tion or  of  open  wound  with  infection  may  Interfere  with  such  a  favorable 
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progress,  and  may  determine  either  non-union  or  such  muscular  atrophy 

and  adhesions  along  tendon-sheaths  as  to  cripple  the  limb  seriously. 
Many  instances  have  been  recorded  in  which,  by  the  pressure  of  encir- 
cling bandages,  or  of  splints  applied  without  proptr  provision  for  later 
swelling  of  the  parts  or  left  without  intelligent  inspection,  gangrene  of 
the  distill  portion  of  the  limb  or  troublesome  sloughs  from  local  press- 
ure have  been  produced. 

7>i-rt/»/r«/.— Accurate  reduction  is  important,  both  for  the  preserva- 
tion of  the  symmetry  of  the  limb  and  for  the  power  of  normal  rotation. 
This  is  to  be  accomplished  by  extension  and  manipulation  while  the 
forearm  is  held  in  the  position  in  which  its  muscles  will  be  most  relaxed 
- — viz..  midway  between  pronation  and  supination,  with  moderate  flexion 
of  elbow  and  wrist.  After  reduction,  the  fragments  should  be  held  in 
position  by  two  light  wooden  splints,  one  to  the  dorsal  and  one  to  the 
palmar  aspect  of  the  forearm.  Each  should  be  well  padded  with 
cotton,  and  should  be  broad  enough  to  prevent  the  encircling  bandage 
that  holds  them  in  place  from  making  any  lateral  pressure  on  the  fore- 
arm. The  dorsal  splint  should  extend  from  the  point  of  the  elbow  to 
the  metacarpophalangeal  joint;  the  palmar  one  from  the  flexure  of  the 
elbow  to  the  flexure  of  the  wrist.  These  splints  should  be  first  fi.xed 
in  position  by  two  strips  of  adhesive  plaster  wrapped  about  them,  one 
near  either  end;  then  a  roller  bandage  should  be  applied  firmly  over 
all.  Finally,  the  forearm  should  be  placed  in  a  sling.  Frequent  inspec- 
tion of  the  limb  should  be  made  daily  for  the  first  week,  to  guard 
against  the  effects  of  pressure  or  the  possibility  of  displacement  from 
loosening  of  the  dressings.  Usually  by  the  fifth  week  the  splints  can 
be  dispensed  with  and  active  use  of  the  limb  resumed. 

Either  the  radius  or  the  ulna  alone  may  be  broken  at  any  part  of 
its  shaft  by  a  direct  blow.  Such  an  injury  is  not  uncommon.  The 
extent  and  direction  of  the  displacement,  if  any  occurs,  is  determined 
by  the  fracturing  force.  The  treatment  required  is  the  same  as  that 
already  described  in  case  of  fracture  of  both  bones.  The  tendency  of 
the  biceps  muscle  to  rotate  the  upper  fragment  of  the  radius  into 
supination,  when  that  bone  is  fractured  above  its  middle,  is  to  be  kept 
in  mind,  and  accommodated  in  such  case  by  dressing  the  forearm  in 
supination   until  consolidation  has  been  secured. 

The  bones  of  the  forearm  in  the  immediate  vicinity  of  the  wrist- 
joint  may  be  fractured  by  a  direct  crushing  force.  Such  injuries  are 
apt  to  be  accompanied  with  wound  of  the  overlying  soft  structures,  and 
to  present  such  varying  degrees  of  comminution  and  displacement  as 
to  negative  .systematic  description. 

Fracture  by  indirect  force  transmitted  from  the  hand  is  of  frequent 
occurrence.  In  many  cases  the  lower  end  of  the  radius  only  is  fract- 
ured, but  not  infrequently  the  styloid  process  of  the  ulna  is  also  broken 
off.  and  in  some  cases  the  shaft  of  the  ulna  is  fractured  at  a  point  some 
distance  above.  The  frequency  with  which  the  force  of  a  fall  is  broken 
by  an  outstretched  hand  causes  fracture  of  the  radius  at  its  lower  end 
to  be  the  most  common  of  all  fractures.  The  peculiar  mechanism  of  the 
wrist-joint  is  such  as  to  give  to  these  fractures,  as  a  class,  a  quite  uniform 
type  ;  the  proximitj-  of  the  intricate  and  important  radio-ulnar  and  radio- 
carpal articulations  and  the  numerous  ten  don -sheaths  of  the  flexors  and 
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extensors  of  the  wrist  and  hand  entail  special  liability  to  functional 
disability  from  adhesions  resulting  from  the  accident,  while  whatever 
deformity  may  result  is  kept  in  constant  view  by  the  superficial  and 
prominent  position  of  the  bones. 

The  lower  extremity  of  the  radius,  whenever  strong  backward  or 
forward  flexion  of  the  hand  upon  the  forearm  occurs,  is  subjected  to 
cross-breaking  strain  through  the  common  carporadial  ligaments,  ante- 
rior or  posterior,  as  the  case  may  be.  The  frequency  with  which  the 
force  of  a  fall  is  partially  sustained  by  the  outstretched  hand,  and  the 
hand  thereby  forced  into  strong  backward  flexion,  explains  the  fre- 
quency of  the  fracture  in  question.  Fig.  251  shows  the  rel.itions  of 
the  lower  end  of  the  radius  to  the  elements  of  the  wrist-joint  when  the 
hand  is  bent  backward  until  the  anterior  ligaments  are  taut.  Further 
strain,  if  sufficiently  violent,  must  rupture  either  the  ligamentous  fibers 
or  the  bones  of  the  carpus,  or  tear  off  some  portion  of  the  lower  end 
of  the  radius.  The  projection  of  the  anterior  articular  lip  of  the  radius, 
into  which  the  ligament  is  inserted,  mechanically  favors  the  transmission 
of  the  greater  part  of  the  strain  to  that  portion  of  the  bone,  and  renders 
it  less  liable  to  resist  than  are  the  fibers  of  the  ligament  itself 

The  manner  in  which  the  resulting  fracture  is  produced  is  shown  in 

tFig.  252. 


Fig  }5i.—DiagrBm  showing  Ihc  nlatloni 
of  Ibc  lower  end  of  the  radius  1u  the  elc- 
mcnis  of  ihe  wrisi-joim  ;  longitudinal  seciion 
with  Ibc  hand  in  mudemle  backwHnltlrKion. 


Fin,  asa. — Effecl  upon  Ihc  lower  end  of 
the  radius  of  (he  cruu-breaking  smin  pro- 
duced by  extreme  backward  Action  of  the 
hand. 


The  amount  of  the  bone  thus  torn  off  varies  greatly  in  different 
cases,  on  account  of  the  differences  in  the  shape  and  structure  of  the 
bone,  in  the  relative  strength  of  the  different  fa.sciculi  of  the  ligament, 
and  in  the  amount  of  strain  and  pressure  in  action.  The  accompany- 
ing illustrations,  drawn  (Figs.  253,  254)  from  museum  specimens,  show 
some  of  these  varying  lines  of  fracture. 

In  most  cases  of  falls  upon  the  outstretched  hand  the  cross-breaking 
strain  from  the  backward  flexion  of  the  hand  is  further  complicated  by 
a  vertical  force,  due  to  the  impact  against  the  ground  of  the  weight  of 
the  body,  transmitted  through  the  limb  to  the  hand.  The  amount  of 
this  in  different  instances  must  vary  within  very  wide  hmit.s,  depending 
upon  the  weight  of  the  particular  body  and  the  distance  and  velocity 
of  the  fall.     An  equal  amount  of  this  force  will  also  produce  diff'erent 
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effects  in  different  individuals,  and  in  the  same  individual  at  different 
times.  In  many  instances,  a  cross-breaking  strain  to  the  point  of  fract- 
ure at  the  wrist  is  successfully  resisted  by  the  tissues,  and  the  compo- 
site strain  is  transmitted  higher  along  the  limb,  to  be  decomposed  ulti- 


FlG,  053.  FlO.  354. 

Figs.  253.  354. — Line!»  of  breakage  in  fractures  of  Ihe  lower  eiclremilv  of  the  radius. 

mately  without  serious  injury,  or  to  produce  dislocation  or  fracture  at 
.some  other  point. 

Whenever,  however,  the  tearing  away  of  more  or  less  of  the  lower 
end  of  the  radius  has  resulted,  the  effect  of  the  surviving  vertical  force 
is  to  thrust  backward  and  upward  the  fragment  that  has  been  torn  off. 


Fig.  ass.— Fracture  o'  the  lower  eilremity  of  the  ridiuB  (Warren). 

and  to  impale  it  upon  the  sharp,  strong  edge  presented  by  the  thick 
compact  tissue  of  the  posterior  surface  of  the  upper  fragment. 

The  amount  of  backward  displacement  thus  produced  may  be  of 
any  degree,  from  a  slight  slip,  merely  sufficient  to  efface  the  natural 
projection  of  the  anterior  articular  lip,  to  dislocation  so  complete  that 
the  whole  of  the  lower  fragment  overrides  the  lower  end  of  the  upper. 
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The  degree  of  impalement  suffered  by  the  lower  fragment  is  also 
subject  to  the  widest  variations,  from  that  of  a  slight  mutual  entangle- 
ment of  the  irregular  fracture-surfaces,  to  that  of  deep  penetration 
of  the  upper  into  the  lower,  with  splitting  of  the  lower  into  many 
fragments.  Even  in  its  minor  degrees,  this  intcrpenetration  of  the 
fragments,  by  the  crushing  of  the  cancellous  tissue  of  the  lower 
fragment  which  attends  it,  produces  some  positive  change  in  the  form 
and  structure  of  the  lower  fragment,  which  is  essentially  a  mass  of 
spongy  tissue  enclosed  in  a  thin,  compact  shell.  As  the  result  of  this, 
some  permanent  alteration  from  the  normal  contour  of  tlie  bone  is 
inevitable  (Fig,  256).  with  a   more   or  less   marked   deformity  of  the 


Stefan  tf  ot  mggHum.       In/irur /ragatni. 


Irrmtly  of  Iht  second 


Suffritr  fragmtnl. 


Fm.  156. — Sbowiag  change  in  conlour  of  ihc  lower  fragmcnl,  allrnilian  in  direction  of  ihe 
articular  (acci,  and  lojs  of  prujcciion  of  the  anterior  lip  coniEquenl  upon  fraciure  of  the  lower 
eitremity  ol  tlie  radius  (sdaptcd  fcum  Anger). 


region  following.  Even  though  the  fragments  are  disengaged  from 
one  another,  and  put  in  their  proper  pcsition,  the  lower  fragment 
remains  shortened,  the  direction  of  its  articular  face  is  changed, 
and,  according  to  the  degree  of  the  comminution,  it  is  broadened 
3th  laterally  and  anteroposteriorly.     By  the  backward  displacement 

fof  the  lower  fragment  of  the  radius  further  important  changes  in 
the  relations  of  the  other  constituents  of  the  wrist-joint  are  produced. 
The  tom-off  fragment  with  the  attached  carpus  is  forcibly  rotated  into 
supination.  The  radio-ulnar  hgaments  are  strained,  possibly  in  part 
ruptured,  and  the  lower  end  of  the  ulna  is  made  to  project  abnormally 
upon  the  front  and  ulnar  side  of  the  wrist.  The  further  strain  of  the 
continued  dorsal  flexion  falls  especially  upon  that  strong  fasciculus  of 
the  anterior  common  ligament  which  passes  obliquely  from  the  middle 
of  the  carpal  mass  to  the  side  and  base  of  the  styloid  process  of  the 
ulna.  As  a  result,  the  projection  of  the  ulna  is  intensified,  and,  in 
many  cases,  the  styloid  process  itself  is  torn  off  by  the  strain.  As 
Jong  as  the  displacement  of  the   radial  fragment  is   unreduced,  the 

^carpus  remains  locked  in  the  position  of  supination,  and  the  anterior 
projection  of  the  head  of  the  ulna  is  pcrjietuated  by  the  continued 
tension  of  this  fa.sciculus.  When  the  hand  is  taken  up  from  the 
ground  and  allowed  to  recover  from  its  position  of  dorsal  flexion,  a 
characteristic  deformity  of  the  wrist  is  presented  (see  Figs,  257,  358), 
due  to  the  posterior  projection  of  the  carpus  and  lower  radial  fragment, 
the  anterior  projection  of  the  lower  end  of  the  upper  radial  fragment, 
and  the  antcro-internal  projection  of  the  head  of  the  ulna.  Dissection 
of  the  parts  in  this  state  shows  that  the  periosteal  and  aponeurotic 
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Structures  that  were  stripped  up  from  the  back  of  the  proximal  radial 
fragment,  instead  of  being  torn  across,  constitute  now  a  strong  band, 
which  is  made  tense  by  the  forward  flexion  of  the  wrist,  and  while  thus 
tense  tends  to  hold  the  fragments  in  impaction  and  hinders  their  sepa- 


PIC.  357. 


Fig.  358. 

Figs.  «S7,  asB. — Detonnily  at  the  wrist  consequent  upon  displacemenl  bftckward  of  the  lower 
fragment  of  the  radius  after  fracture  at  it!  lower  emremily  (Levjj). 

ration  by  traction  and  ready  reposition  by  pressure.  If  union  occurs 
without  complete  reposition  of  the  lower  fragment,  the  space  which  is 
left  between  this  detached  periosteal  layer  and  the  posterior  surface  of 
the  bone  becomes  filled  with  plastic  material,  which,  by  subsequent 


Fifi.  359. — Frai^iurt  o(  the  lower  end  of  the  radius,  with  anletior  displaceroenl  of  Ihc  lower 
fniBniL-nt  uniled  in  (Itformity  (from  specimen  in  the  Museum  of  the  Edinbuigh  College  of 
Surgeon!)  (Roberts). 

ossification,  so  encases  tliis  portion  of  the  radius  in  new  bone  that,  upon 
subsequent  section,  it  presents  the  appearance  of  deep  penetration  of 
the  lower  by  the  upper  fragment. 

Anterior  displacement  of  the  lower  fragment,  aft:er  fracture  of  the 
lower  end  of  the  radius,  is  occasionally  met  with,  as  shown  in  Fig.  259. 
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This  particular  form  of  injury  has  been  recently  minutely  studied 
by  Roberts,  who  has  assembled  a  considerable  number  of  clinical 
histories  and  museum  specimens  illustrating  iL  In  a  large  proportion 
of  these  cases,  the  injury  was  known  to  have  been  occasioned  by  falls 
upon  the  back  of  the  hand,  and  may  be  referred  to  a  cross -breaking 
strain  exerted  through  the  posterior  common  ligament  of  the  wrist 
upon  the  lower  end  of  the  radius,  by  the  hand  thrown  into  extreme 
palmar  flexion.  In  a  well-marked  case,  seen  by  myself,  the  patient 
had  fallen  backward  out  of  a  wagon  to  the  ground.  The  rarity  of  falls 
upon  the  back  of  the  hand,  and  the  absence  of  any  posteriorly  pro- 
jecting articular  lip  to  exaggerate  the  force  of  strain  exerted  through 
the  ligament,  explains  the  relative  rarity  of  this  form  of  displacement. 

The  effect  of  the  direct  impact  of  the  carpus,  violently  driven 
against  the  broad,  shallow,  saucer-like  articular  surface  of  the  radius, 
is  also  to  add  a  direct  crushing  and  splitting  force  to  the  indirect  cross- 
breaking  strain  heretofore  considered.  By  this  direct  force  the  pos- 
terior lip  may  be  crushed  oif.  or  stellate    hnes  of  fracture  may  be 


Km,  aba 


Fu..  i6i. 


FtCS.  160.  361. — Showing  Ihp  crushing  .-ind  jplitring  pfTecI;  of  direct  Impact  of  the  carpiu 

*  iLgilinsI  i\\e  Lower  .irticulur  surfacf^  of  Iht  radius. 


created,  radiating  from  a  central  point  of  the  articular  surface,  com- 
minuting the  lower  fragment,  if  a  transverse  fracture  coexists,  or  in 
other  cases  extending  upward  as  longitudinal  crevices  for  a  variable 
distance  along  the  shaft,  without  transverse  fracture  (.see  Figs.  260,  261). 
The  injuries  sustained  by  the  soft  tissues  about  the  wrist-joint, 
coincident  with  the  bone-lesions  that  have  been  described,  are  exten- 
sive and  important.  The  ligaments  are  violently  stretched,  partially 
lacerated,  and  sometimes  entirely  ruptured;  the  synovial  sacs  of  the 
articulations  arc  badly  contused,  sometimes  lacerated  and  filled  with 
blood ;  the  sheaths  of  the  tendons  are  injured,  both  in  front  and  behind 
— in  front,  the  projection  of  the  ragged  edge  of  the  upper  fragment 
into  the  midst  of  the  flexor  tendons  may  lacerate  their  sheaths  and 
irritate  the  tendons;  behind,  the  violent  stripping  up  and  continued 
tension  of  the  periosteum  is  an  injury  done  to  the  floor  of  those 
extensor  ten  don -sheaths  into  the  formation  of  which  it  directly  enters. 
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Effusions  of  blood  and  lymph  into  the  anterior  ten  don -sheaths  and 
adjacent  connective-tissue  spaces  early  produce  a  well-marked  swelling 
on  the  front  of  the  wrist,  above  the  annular  ligament,  which  exagger- 
ates the  deformity  formed  by  the  bone- displacement,  and  may  simulate 
displacement  when  none  exists.  Such  an  effusion-tumor  may  result 
from  injurj-  to  the  soft  parts  alone,  without  the  presence  of  any  lesion 
of  the  bone.  On  the  back  of  the  carpus  also,  some  swelling  of  sim- 
ilar character  forms,  as  a  rule.  These  effusions  are  firm,  are  slowly 
absorbed,  especially  in  the  feeble  and  aged,  and  tend  to  provoke  the 
formation  of  adhesions  along  the  course  of  the  tendons  which  they 
envelop. 

The  diagnosis  is  usually  to  be  made  from  the  deformity  present 
rather  than  from  the  recognition  of  crepitus  and  abnormal  mobility, 
which  often  are  not  to  be  elicited,  on  account  of  the  displacement  and 
impaction  and  the  resistance  of  untorn  fibrous  connecting  bands,  !n 
cases  in  which  the  degree  of  displacement,  and  consequently  the  extent 
of  deformity,  is  but  slight,  careful  palpation  will  usually  enable  the 
surgeon  to  recognize  the  loss  of  the  projection  formed  by  tlie  anterior 
lip  of  the  .sound  bone  and  some  abnormal  elevation  of  the  lower  frag- 
ment on  the  back  of  the  wrist.  In  the  absence  of  any  appreciable 
displacement,  the  lesion  of  the  bone  may  still  be  inferred,  if  pressure 
elicits  a  point  of  special  tenderness  on  the  outside  of  the  radius,  near 
the  base  of  the  styloid  process,  since  such  tenderness  at  that  point 
could  not  result  from  any  ligamentous  rupture.  Forward  displacement 
of  the  head  of  the  ulna  is  recognized  at  once  on  inspection  of  the 
wrist,  and,  when  present,  indicates  the  coexistence  of  fracture  of  the 
radius.  Fracture  of  its  styloid  process  is  indicated  by  special  tender- 
ness at  its  base;  manipulation  may  elicit  undue  mobility  and  crep- 
itus, but  it  is  rarely  so  completely  torn  away  as  to  become  notably 
displaced. 

Fracture  without  great  displacement  is  often  overlooked,  and,  being 
regarded  as  a  simple  sprain,  is  permitted  to  heal  without  effort  to  pre- 
vent deformity.  In  cases  of  severe  injury  to  the  wrist,  accompanied 
with  ecchymosis,  local  swelling,  and  impairment  of  function,  the  pre.i- 
ence  of  fracture  is  always  to  be  inferred,  and  only  the  failure  t!0  elicit 
any  of  the  signs  of  it  that  have  been  mentioned  should  warrant  the 
conclusion  that  it  is  absent. 

Fracture  with  extreme  displacement  may  be  mistaken  for  a  dislo- 
cation of  the  carpus—an  error  which  was  universal  until  within  the 
present  ccniur>'.  Such  uncomplicated  dislocation  is  an  extremely  rare 
occurrence,  and  should  be  accepted  as  present  only  when  careful 
examination  has  demonstrated  beyond  question  that  the  radius  is 
intact. 

Prognosis. — Rapid  bony  union  is  the  invariable  rule,  but  the  impair- 
ment of  the  function  of  the  wrist  is  often  slowly  recovered  from,  and 
in  some  cases  the  adhesions  among  the  peri-articular  structures, 
especially  along  the  ten  don -sheaths,  are  so  dense  that  for  many  months 
tlie  wrist  remains  rigid  and  the  movements  of  the  fingers  are  limited. 
The  amount  of  actual  deformity  that  remains  will  depend  largely  on  the 
success  of  the  efforts  to  secure  primary  accurate  reposition  of  the  dis- 
placed fragment.     In  a  considerable  proportion  of  cases,  however,  there 
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Fig.  »6a. — Dingrani  showing  change  in  llie 
contour  of  ihe  lowrr  end  of  .1  radiua  after 
healed  fraclure;  dolled  Uni:  shows  ibe  original 
nonnal  contour. 


has  been  occasioned  by  the  injury  such  actual  alteration  in  the  form  of 
the  lower  fragment  that  the  restitution  of  the  perfect  normal  contour  of 
the  part  is  impossible  by  any  treatment,  and  some  deformity  i.s  unavoid- 
able. The  involvement  of  the  epiphyseal  cartilage  in  the  fracture  in 
children  has  been  known  to  induce  premature  ossification  and  arrest  of 
growth  of  the  lower  end  of  the  in- 
jured bone,  with  later  gradually 
'  increasing  deformity,  from  its 
shortness  relative  to  its  fellow 
ulna.  The  most  common  altera- 
tion, as  the  result  either  of  incom- 
plete reduction  or  damage  to  the 
bony  structure,  is  the  loss  of  the 
anterior  projection  of  the  articular 
lip  and  the  imposition  of  a  more 
or  less  backward  inclination  upon 
the  plane  of  the  articular  surface 
(Fig.  262).  The  consequence  is  a 
perpetuation  in  some  degree  of  the  deformity  which  has  already  been 
described  as  characteristic  of  the  primary  injurj'.  The  inward  and  for- 
ward projection  of  the  lower  end  of  the  ulna  in  many  ca.ses  persists, 
often  when  there  is  no  appreciable  deformity  of  the  radius,  owing  to 
the  permanent  elongation  of  the  ligaments  which  bind  it  to  the  radius, 
although  in  some  cases  coexisting  minor  changes  in  the  shape  of  the 
radius  may  be  concealed  by  the  overlying  tissues. 

The  bony  deformity,  even  when  marked,  of  itself  entail,*  very  little, 
if  any,  functional  disabihtj".  The  articular  rigidity,  the  matting  of  ten- 
dons, and  the  contracture  of  ligaments  and  fibrous  bands,  due  to  the 
lacerations  and  irritations  of  these  structures  in  connection  with  the 
bony  injury,  the  persistence  of  the  exudates  that  follow,  and  the  effects 
of  prolonged  immobilization,  produce  the  chief  sources  of  disability  fol- 
lowing this  injurj'.  This  disability  is  particularly  prone  to  be  marked 
and  persistent  in  elderly  persons,  but  usually  ultimately  yields,  even  in 
these,  to  patient  efforts  at  massage  and  mobilization. 

Treatment. — If  displacement  exists,  its  accurate  reduction  is  of  the 
first  importance.  The  chief  obstacles  to  ready  and  perfect  reduction 
arc  the  impaction  or  entanglement  of  the  uneven  surfaces  of  the  frag- 
ments, and  the  tension  of  the  untom  periosteo fibrous  band  that  still 
unites  them  at  the  back.  The  latter  can  be  overcome  at  once  by 
placing  the  hand  in  dorsal  flexion  ;  while  the  hand  is  still  in  this  posi- 
tion, extension  will  disengage  the  fragments,  and  firm  thumb-pressure 
upon  the  back  of  the  lower  fragment  will  push  it  forward  into  place. 
If  the  hand  is  then  brought  into  palmar  flexion,  the  fracture-surfaces 
fall  together  and  the  normal  contour  of  the  bone  is  restored,  the  carpo- 
ulnar  ligament  is  relaxed,  and  the  ulna  assumes  or  may  be  pressed  up 
into  proper  position  in  relation  to  the  radius.  Should  the  first  eflbrt  to 
secure  ]>crfect  reduction  be  uns.itis factory-  in  its  results,  renewed  and 
more  thorough  attempts  should  be  made,  until  it  is  eviiient  that  the  best 
possible  position  of  the  fragments  has  been  secured. 

Ordinarily,  there  is  but  little  tendency  to  renewed  displacement  after 
reposition,  providing  Ihe  part  is  protected  from  further  direct  force. 
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Any  pressure  on  the  anterior  surface  of  the  wrist  will  bear  upon  the 
projecting  anterior  lip  of  the  lower  fragment,  and  may  crowd  that  frag- 
ment back  to  the  plane  of  the  shaft  of  the  bone.  Aiileroposterior 
pressure  also  tends  to  crowd  the  soft  tissues  in  between  the  radius  and 
ulna,  and,  forcing  the  ulna  away,  to  renew  and  perpetuate  its  diastasis. 
The  first  indications  are  to  give  the  injured  part  support  and  protection, 
and  by  immobilization  and  equable  compression  to  limit  effusion  and 
promote  repair.  With  the  subsidence  of  the  primary  wound-reaction, 
especial  precautions  to  maintain  the  mobility  of  the  wrist-  and  finger- 
joints  are  indicated. 

In  very  many  cases  the  application  of  a  flannel  roller  bandage  and 
the  support  of  a  sling  will  be  all  the  apparatus  required.  A  small 
compress,  about  \  inch  in  thickness,  should  be  first  adjusted  upon  the 
front  of  the  forearm,  its  lower  edge  being  permitted  to  come  down 
nearly,  but  not  quite,  to  the  level  of  the  anterior  lip  (Fig.  263,  a).     Over 
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Fic,  163. — Dingrdm  showing  ihe  arrangemeni  of  compresses  and  splinl  bcsl  adaplcd  to  retain 
Fr^iginenls  in  proper  position  nfler  reduction. 

this  the  roller  passing,  binds  the  strained  and  shattered  parts  of  the 
wrist  together  and  gives  an  agreeable  sense  of  security  and  support. 
This  circumferential  compression  is  especially  important  to  maintain 
the  lower  fragment  and  the  carpus  in  their  proper  position  to  the  ulna. 
It  is  further  reinforced  during  the  after-treatment  by  keeping  the  fore- 
arm supported  on  its  ulnar  side  in  a  narrow  sling,  which  does  not 
extend  forward  beyond  the  distal  end  of  the  ulna,  in  which  position  the 
weight  of  the  unsupported  hand  and  wrist  is  an  additional  force  tend- 
ing to  press  the  ulna  into  position.  At  this  first  dressing,  allowance 
must  be  made  for  the  primary  traumatic  swelling  that  follows  the  injury, 
and  the  bandage  must  later  be  loosened  or  cut,  if  its  constriction  becomes 
a  source  of  di.scomfort.  As  the  swelling  subsides,  it  should  be  tightened 
again. 

Whether  to  this  dressing  should  be  added  a  splint  will  generally 
depend  upon  what  may  be  called  collateral  circumstances.  In  cases 
of  those  who  arc  quite  young,  or  are  careless,  or  are  apprehensive,  the 
additional  protection  of  a  splint  is  a  wise  precaution,  if  the  surgeon  also 
remembers  that  its  prolonged  use  may  create  linger-  and  wrist-stiffness, 
and  that  by  its  pressure  deformity  may  be  perpetuated.  For  a  young 
surgeon  also,  it  will  in  most  cases  be  more  discreet  not  to  disregard  the 
popular  sentiment  as  to  the  necessity  of  a  sphnt  in  the  treatment  of  a 
fracture. 

Many  special  forms  of  splints  have  been  devised  by  surgeons  for  this 
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injury.  Not  one  of  them  possesses  such  special  advantageas  to  justify 
its  description  here.  A  light,  straight  splint,  such  as  can  be  extem- 
porized anj-where  from  a  pine  shingle  or  a  cigar-box,  answers  the  indi- 
cations perfectly.  Only  one  splint  should  be  used,  and  this  should  be 
applied  to  the  dorsum  of  the  wrist  and  forearm  (see  Fig.  263).  It 
should  not  be  wider  than  the  wrist  itself;  it  should  extend  below  only 
to  the  heads  of  the  metacarpal  bones,  so  that  the  fingers  shall  not  be 
confined  by  it;  it  should  be  well  padded,  and  the  padding  should  be 
made  thicker  over  the  carpus  and  metacarpus,  so  as  to  keep  the  hand 
in  slight  flexion  while  it  is  in  place;  it  should  be  secured  with  a  roller 
to  the  hand  and  forearm,  and  the  forearm  then  suspended  in  the  narrow 
sling  already  recommended.  From  the  third  day  the  thumb  and  fin- 
gers should  be  frequently  and  systematically  flexed,  and  after  the  first 
week  the  splint  should  be  daily  removed  and  the  wrist  massaged  and 
moved.  By  the  end  of  the  third  week,  the  splint  should  be  discarded 
altogether,  and  thereafter  active  and  passive  movements  of  the  wrist 
and  fingers,  with  massage,  ought  to  be  practised  systematically  until 
the  normal  function  o^  the  parts  has  been  restored. 

Bones  of  the  "Wrist  and  Hand. — One  or  more  of  the  carpal 
bones  is  occasionally  broken   by  direct  violence;  more  frequently  the 


Flf!-  364.— Fracture  of  the  melacarpal  bone  (Wairen). 


carpal  lesion  is  a  minor  incident  in  the  midst  of  an  extensive  crushing 
injury  of  the  wrist.  Fracture  of  the  scaphoid,  the  semilunar,  or  the  os 
magnum  has  in  different  instances  been  noted  as  a  complication  of  a 
fracture  of  Ihe  lower  extremity  of  the  ratlius.  In  the  absence  of  notice- 
able displacement,  a  fracture  of  a  carpal  hone  may  easily  be  overlooked, 
the  symptoms  of  contusion  and  sprain  being  so  marked  as  to  obscure 
the  possible  signs  of  the  fracture. 

In  the  trmttmiit,  after  any  displacement  has   been  corrected  by 
pressure,  the  subsequent  care  should  be  conducted  on  the  lines  already 
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laid  down  in  connection  with  fractures  of  the  lower  extremity  of  the 
radiu(>. 

The  metacarpal  bones  arc  often  broken,  either  by  direct  violence  or 
indirectly,  by  force  applied  at  the  knuckles,  as  in  striking  a  blow  with 
the  closed  fist.  The  phalanges  are  often  involved  in  crushing  injuries. 
and  are  often  the  subject  of  simple  fracture  from  direct  violence. 

In  the  treafimnt  of  fractures  of  the  bones  of  the  iianii,  immobiliza- 
tion upon  a  palmar  splint  is  indicated.  The  splint  should  extend  half- 
way up  the  forearm  above,  and  beyond  the  tips  of  the  fingers  below. 
It  should  be  padded  so  as  to  fit  the  normal  inequalities  of  the  palmar 
surface  of  the  hand  and  afford  even  support  to  the  injured  bone.  In 
dealing  with  the  frequent  compound  and  crushing  injuries  of  the  hand, 
no  fragment  of  bone  that  is  not  wholly  separated  from  its  vascular 
connections  should  be  removed,  but  all  fragments  should  be  adjusted 
as  well  as  possible,  and  so  supported  as  to  secure  consohdation  with 
the  minimum  of  deformity,  leaving  to  a  later  period  the  removal  of 
parts  that  time  and  use  may  show  to  be  useless  and  unsightly. 

The  Pelvis. — Fracture  of  the  bones  of  the  pelvis,  at  any  point  in 
their  extent,  may  result  from  direct  violence.  Disruption  of  a  pelvic 
articulation,  with  irregular  tearing  away  of  .some  part  of  the  adjacent 
bony  substance,  is  relatively  frequent.  Any  of  the  various  processes  of 
the  innominate  bones  may  be  broken  without  fracture  of  the  pelvic 
girdle  proper.  The  iliac  wings,  by  reason  of  their  prominence,  are  most 
exposed  to  fracturing  violence. 

The  pubic  bone  is  the  part  of  the  true  pelvic  girdle  most  frequently 
broken.  Thus,  out  of  18  cases  ofpelvic  fracture  received  at  the  Methodist 
Episcopal  Hospital,  New  York,  within  nine  years,  in  6  the  fracture  was 
confined  to  the  iiiac  wings,  in  4  there  were  extensive  multiple  fractures, 
in  I  there  was  a  dia.stasis  of  the  symphysis  pubis,  in  I  both  pubis  and 
ilium  were  involved  in  the  fracture,  in  3  the  pubic  bone  or  bones  only 
were  broken,  in  i  there  was  a  fracture  of  the  ilium  and  ischium  with 
diastasis  of  a  sacro-iliac  articulation,  and  in  2  the  injury  seemed  to  be 
a  sacro-iliac  diastasis  only. 

The  nature  of  the  violence  sustained  in  the.se  cases  illustrates  well 
the  character  of  the  more  common  causes  of  fracture  of  the  pelvic 
bones.  In  6  instances  it  was  a  railroad  crush,  in  4  a  fall  from  a 
height,  and  in  1  each  a  crush  under  a  bank  of  earth,  a  crush  in  an 
elevator  shaft,  and  a  crush  from  the  wheel  of  a  wagon  passing  over  the 
pelvis. 

It  is  seldom  that  the  fragments  become  much  displaced,  so  that 
perceptible  deformity  is  rarely  present;  but  unnatural  mobility  and 
crepitus  can  usually  be  elicited  by  manipulation,  to  which  are  added 
local  tenderness  and  wide-spreading  ecchymosis  as  symptoms  to  estab- 
lish the  diagnosis. 

The  importance  of  fractures  of  the  pelvic  bones  attaches  not  so 
much  to  the  injury  to  the  bones  themselves  as  to  possible  coincident 
injury  of  the  pelvic  viscera  or  blood-vessels,  or  to  the  existence  of 
other  serious  injuries  in  other  parts  of  the  body.  The  urinary  bladder 
and  the  urethra  are  especially  liable  to  be  injured,  and  an  investigation 
of  their  condition  should  be  among  the  first  attentions  rendered  in  a 
case  of  pelvic  injury.     Contusion  of  some  portion  of  bowel  or  of  the 
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kidney  is  a  frequent  complication ;  and  laceration  of  an  iliac  vein  or 
one  of  its  main  branches  may  occasion  fatal  internal  bleeding. 

The  acetabulum  may  be  the  seal  of  a  fracture  limited  to  its  own 
area  by  the  im|)act  of  the  head  of  the  femur.  Instances  are  reported 
in  literature  in  which,  as  the  result  of  a  fall  upon  the  great  trochanter, 
the  head  of  the  femur  has  perforated  the  dome  of  the  acetabulum,  even 
to  full  penetration  into  the  pelvic  cavity.  Such  an  accident  is  not  easily 
distinguishable  from  fracture  of  the  neck  of  the  femur,  except  in  case 
of  actual  intrapelvic  penetration,  when  a  rectal  exploration  of  the 
internal  lateral  wall  of  the  pelvis  will  reveal  the  presence  of  the  intrud- 
ing head  of  the  femur. 

Thf  rim  of  the  aitlaliiilum  may  be  chipped  off,  to  a  greater  or  leas  eileni,  as  a  compli- 
calion  of  a  dislocalion  of  Ihe  head  of  the  femur,  when,  in  the  protluclion  of  the  displace- 
tneiit,  the  head  of  the  bone  has  been  driven  wilh  yfOA  force  against  the  cc.ntniiiing  rim  of 
the  joint-cavity.  Such  an  accident  would  add  to  the  symptoms  of  dislocjilion  that  of  ciejM- 
ms  indicBIive  of  the  fracture,  together  with  a  tendency  lo  redislocation  after  reduction.  The 
character  of  the  violence  re«)uircd  for  i(s  production  is  so  extreme  that  other  and  more  impot- 
lanl.  usually  fatal,  injuries  are  likely  to  complicate  the  case,  so  that,  in  fad,  the  injury  lo  (he 
tiro  of  (he  aicelabulum  has  but  little  niorc  than  a  pathological  interest. 

The  coccvK  may  be  fractured  by  falls,  kick*,  or  the  violent  impact  of  a  fetal  head  escap- 
ing Ihrotigh  a  narrow  inferior  slmil.      Union  at  an  angle  is  likely  to  result. 

As  regards:  the  after-COUrSe  of  pelvic  fiattures  in  general,  special  interest  attaches 
only  to  complicating  injuries.  The  tittle  tendency  to  displacement  of  the  fragments  and  the 
Tasculor  nature  of  (he  bones  ensures  early  repair  with  firm  union. 

In  the  treatment  of  fracture  of  any  portion  of  the  pelvic  girdle 
proper,  it  is  required,  in  addition  to  the  dorsal  recumbent  position,  that 
the  pelvis  be  surrounded  by  a  broad,  snujjly  drawn  bandage.  This 
support  should  be  maintained  for  four  weeks  or  more.  In  fractures 
limited  to  an  iiiac  wing,  such  pelvic  bandage  should  be  omitted,  owing 
to  its  tendencv  to  displace  the  fragment. 

The  Pernor. — Fracture  of  the  femur  is  of  comparatively  frequent 
occurrence,  forming  about  6  per  cent,  of  all  fractures.  The  neck  and 
the  middle  third  of  the  shaft  are  most  frequently  broken.  Such  spe- 
cial conditions  attach  to  the  injuries  of  each  of  the  extremities  and  of 
the  shaft  as  to  necessitate  separate  consideration  of  each  of  those 
regions. 

The  upper  extremity  includes  the  head,  neck,  and  trochanters.  It 
may  be  broken  at  any  part  of  its  extent,  the  mo.st  frequent  cau.se  being 
a  fall  upon  the  outer  side  of  the  hip.  Such  fracture  may  occur  at  any 
age.  but  is  by  far  the  most  frequent  in  old  people,  in  whom  the  strength 
of  the  femoral  neck  is  often  lessened  by  senile  osteoporosis.  This 
degeneration  of  the  cervical  .substance  occasionally  becomes  so  great 
that  fracture  of  it  results  from  very  trivial  violence,  such  as  a  sudden 
twist  of  the  body,  a  trip,  a  misstep,  or  other  slight  force  applied  verti- 
cally by  impact  upon  the  foot  or  knee.  Fracture  thus  caused  is  at  the 
weake-st  part  of  the  neck,  its  most  constricted  part,  immediately  behind 
the  head  and  within  the  capsule.  In  adolescents,  the  tearing  away  of 
the  upper  epiphysis  alone  is  conceivable  as  a  possibility  from  extreme 
violence.  In  one  recorded  case,  the  existence  of  the  injury  was  con- 
firmed by  autopsy. 

In  fractures  produced  by  a  direct  blow  upon  the  great  trochanter — 
that  is  to  say.  in  the  vast  majority  of  fractures  of  the  upper  extremity 
of  the  femur — [here  is  always  at  first  more  or  less  impaction  of  the 
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b.i'.c  nf  \\it  neck  'if  Ihe  trniur. 
tt5&itied  callus. 


Union  wilh  exuberant 


fra^eiits.     When  the  line  of  fracture  is  through  the  neck  and  chiefly 
within  the  capsule,  the  lower  and  posterior  wall  of  the  distal  fragment, 

as  a  rule,  is  driven  into  the  spongy 
,''**     "'".  :'""-.,        tissue  of  the  head,  which  is  driven 

/  ',  /  %      downward  and   inclined   backward. 

When  the  fracture  is  at  the  base 
of  the  neck,  its  line  falling  mostly, 
if  not  entirely,  outside  the  capsule, 
the  acetabular  fragment  is  driven  into 
the  trochanteric  portion,  as  shown  in 
Fig.  265.  Again,  impaction  is  deep- 
est behind  and  below,  causing  the 
trochanter  major  to  be  turned  back- 
ward and  the  whole  limb  to  be 
everted.  Widely  varying  degrees 
of  impaction  and  comminution  will 
be  present  in  different  cases,  depend- 
ing upon  the  violence  of  the  force 
and  fragility  of  the  bone.  The  tro- 
chanter may  be  penetrated  with 
such  force  as  to  be  split  into  sev- 
eral fragments,  as  shown  in  the 
specimen  illustrated  in  Fig,  266. 
On  the  other  hand,  the  fracture  may 
be  incomplete — a  condition  more 
likely  to  be  met  with  in  young  sub- 
jects. The  periosteum  investing 
this  portion  of  the  femur  is  so  thick- 
ened and  strengthened  by  fibers 
reflected  from  the  capsule  and  the 
tendons  inserted  into  the  trochanter,  that  it  is  seldom  completely  torn 


Fig.  a6e.— Fracture  at  the  base  of  the 
&eck  of  the  femur,  with  impaction  into  tro- 
chanteric  expansion,  commiuuiion.and  wide 
separation  of  fmEmenls  (Museum  of  the  M. 
E.  Hospital,  New  York). 
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through  when  the  bone  is  fractured.  The  untorn  portion  serves  to 
hold  the  fragments  together,  and  may  be  an  important  source  of  vas- 
cular supply  to  the  proximal  fragment  when  the  line  of  fracture  is 
■  through  the  narrow  part  of  the  neck.  Later,  it  may  be  torn  com- 
pletely through  by  too  energetic  diagnostic  manipulations  of  the  bone 
or  by  too  early  attempts  at  walking,  or  it  may  become  gradually  elon- 
gated by  muscular  traction  while  softened  by  inflammatory  changes. 

The  normal  softening  of  the  bony  tissue  immediately  adjacent  to 
the  line  of  fracture,  which  is  the  first  stage  of  repair  in  all  bones,  is 
prone  to  become  exaggerated  in  fractures  through  the  narrow  part  of 
the  neck,  owing  to  the  antecedent  osteoporotic  degeneration  and  to 
the  limited  supply  of  blood  to  the  acetabular  fragment  Gradual 
absorption  of  the  softened  tissue  is  prone  to 
occur,  and  in  some  instances  the  entire  neclc 
disappears.  An  extreme  degree  of  this  dis- 
appearance of  the  neck  is  shown  in  Fig.  267. 
When  the  fracture  is  at  the  base  of  the  nuck. 
however,  the  conditions  for  repair  are  re- 
versed, and  often  there  is  an  exuberance  of 
new-bone  production. 

Of  the  symptoms  attending  fracture  of  the 
neck  of  the  femur,  the  immediate  helpless- 
ness of  the  limb  which  follows  the  injury  is 
in  the  great  majority  of  cases  very  marked, 
although  in  exceptional  and  rare  instances 
the  ability  to  walk  has  not  been  ab.solutcly 
lost.  Much  pain  is  usually  complained  of, 
especially  upon  any  attempt  at  rotation  or 
flexion  at  the  hip;  an  unnatural  fulness  may 
generally  be  noted  anteriorly  in  the  fold  of 
the  groin,  and  pressure  made  in  this  region 
in  the  direction  of  the  neck  is  painful.  Out- 
ward rotation  of  the  whole  limb,  evidenced 
by  eversion  of  the  foot,  is  the  rule.  To  this  eversion  contribute  the 
greater  interpenet ration  of  the  tissues  of  the  posterior  wall  of  the 
broken  neck,  the  strong  contraction  of  the  irritated  external  rotator 
muscles,  and  the  natural  weight  of  the  limb.  Inversion  of  the  foot 
has,  however,  been  reported  to  have  been  present  in  some  authenti- 
cated cases,  so  that  the  absence  of  eversion  does  not  absolutely  nega- 
tive the  existence  of  a  fracture  through  the  neck  of  the  femur.  The 
amount  of  shortening  immediately  following  the  injury  will  vary 
according  to  the  degree  of  impaction,  or,  in  the  absence  of  impaction, 
to  the  amount  of  laceration  of  the  capsule  and  the  periosteo-aponeu- 
rotic  investment  of  the  neck  and  the  consequent  longitudinal  displace- 
ment from  muscular  contraction.  A  slight  primary  shortening  due  to 
impaction  may  gradually  become  much  greater  through  the  interstitial 
absorption  of  the  neck,  and,  in  the  absence  of  impaction,  later  increase 
of  shortening  may  imperceptibly  develop  from  the  consecutive  stretch- 
ing of  the  fibrous  bands  which  connect  the  fragments.  Often  at  first 
there  is  no  appreciable  shortening,  or.  if  any  is  present,  it  is  limited  to 
a  fraction  of  an  inch.     After  some  weeks  or  months,  a  shortening  of  2 


Fig,  J67.— FnicWre  of  ihc  neck 
of  Ihe  femur:  non-union,  absorp- 
lion  of  the  neck,  fragmrnu  loosely 
conntcled  by  the  capsule. 
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inches  or  more  may  be  found  to  be  present.  The  position  and  promi- 
nence of  the  great  trochanter  will  be  influenced  by  the  degree  of 
impaction,  shortening,  and  eversion ;  being  less  prominent  and  lying 
above  its  natural  position,  according  as  the  axis  of  the  neck  is  short- 
ened and  depressed.  When  it  has  been  split  and  its  fragments  sepa- 
rated by  the  wedge-like  action  of  the  neck  driven  into  it,  the  massive 
callus  which  invests  it  can  often  be  plainly  felt  by  pa!{)ation.  Crepitus 
is  seldom  easily  elicited ;  usually  it  is  prevented  by  the  existing  impac- 
tion, and.  in  the  absence  of  impaction,  is  still  interfered  with  by  the 
mobility  of  the  acetabular  fragment. 

"Yhc  diagnosis  o^  hactavc  of  the  neck  of  the  femur  is  usually  attended 
with  little  difficulty  or  uncertainty.  The  assemblage  of  symptoms  is 
characteristic ;  a  historj'  of  a  fall  upon  the  hip,  or  of  disability  suddenly 
induced  in  an  aged  person  by  a  slight  strain  or  concussion  confirms  the 
diagnosis.  Severe  contusion  without  fracture  may  cau.se  symptoms 
which  at  first  closely  simulate  those  due  to  fracture.  In  case  of  doubt, 
the  more  serious  condition  should  be  considered  as  present,  until  the 
rapid  subsidence  of  tenderness  and  helplessness  has  demonstrated  the 
real  nature  of  the  accident.  Much  uncertainty  will  frequently  exist  as 
to  the  exact  point  along  the  neck  at  which  the  fracture  has  occurred, 
and  especially  as  to  the  relations  of  the  line  of  fracture  to  the  insertion 
of  the  capsule.  As  this  point  is  of  importance  only  in  the  prognosis 
of  the  case,  no  extended  and  violent  manipulations  for  the  purpose  of 
determining  it  are  justifiable,  in  view  of  the  possibility  of  thereby  break- 
ing up  impaction  or  lacerating  periosteal  and  capsular  bands  that  may 
still  connect  the  fragments.  No  manipulations  that  cannot  readily  be 
bom  by  the  patient  without  an  anesthetic  should  ever  be  made,  and 
even  the.se  should  be  made  with  particular  care  and  gentleness. 

In  ihe  case  of  young  children,  the  symploins  caused  by  fraclure  of  the  neck  of  the  femur 
may  pos^blv  be  niTSiaken  for  lho§e  of  coiui^  e^^pecially  smce  Ilie  fracturp  is  likely  to  be  an 
incoinjilirle  one.  ntlended  with  bending  at  Ihe  neck  without  m'lual  scpnratiun  of  the  Ctsg- 
mcnis,  and  the  ability  lo  walk  with  n  limp  is  trained  in  a  short  lime ;  besides,  the  possi- 
bility of  fracture  of  tlie  neck  of  Ihe  femur  in  young  children  is  not  generally  recogniied. 
The  immediate  sujiervention  of  the  chatatteiislic  sympliwns  of  helplessness,  pain,  muscular 
spasm,  deformity,  and  evetsion  of  the  limb  after  an  injurv  to  the  hip  in  the  case  of  a  child 
should  lie  suflicieni  lo  dtfTerentiate  it  from  die  slow  and  inrj^lei  onset  of  tuberculous  coxitis 

The  prognosis  will  be  affected  b>'  the  age  of  the  patient,  the  proxim- 
ity of  the  seat  of  the  fracture  to  the  head  of  the  bone,  and  the  presence 
or  absence  of  impaction.  Some  permanent  impairment  of  the  functions 
of  the  hmb  is  in  all  cases  to  be  expected,  even  in  those  that  pursue  the 
most  favorable  course.  This  may  var\' from  a  slight  limp  to  total  help- 
lessness of  the  limb.  Death  within  a  few  days  is  not  uncommon  in 
aged  persons,  from  the  eftects  of  the  shock  and  the  local  inflammatory 
reaction ;  death  frequently  follows,  also,  after  some  weeks  or  months 
from  renal  and  pulmonary  complications,  induced  or  aggravated  by  the 
confinement  or  suflering  incident  to  the  injury,  from  exhaustion  due  to 
decubitus,  or  from  the  super\'ention  of  suppuration  about  the  fracture. 
Non-union,  usually  without  any  inter\ening  material  connecting  the  t^vo 
fragments,  sometimes  with  strong  fibrous  adhesions,  is  the  usual  result 
of  fractures  through  the  narrow  part  of  the  neck.  To  this  contributes 
not  only  the  absorption  of  Ihe  neck,  noted  in  a  pre\-ious  paragraph,  but 
also  the  impossibilit}'  in  many  cases  of  securing  accurate  coaptation  and 
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prolonged  Immobilization  of  the  fragments,  owing  to  the  serious  effect 
upon  the  general  condition  of  the  patient  produced  by  the  confinement 
required,  which  often  early  compels  the  total  abandonment  of  all  efforts 
at  retention  and  immobilization.  The  possibility  of  bony  union  occur- 
ring after  a  fracture  of  that  part  of  the  neck  within  the  capsule  has  been 
denied  by  many.  That  it  Is  very  rare  is  certain ;  but  it  is  reasonable  to 
grant  that,  in  exceptional  cases,  a  firm  impaction  of  the  fragments  and 
the  presence  of  a  broad  strip  of  untom  periosteum  may  secure  sufficient 
fixation  and  nutrition  to  the  acetabular  fragment  to  ensure  bony  union 
ultimately.  The  repair  will  be  slow,  and  may  be  arrested  by  too  early 
attempts  at  use  of  the  limb.  The  use  of  retentive  apparatus  should  be 
persevered  in  for  a  period  of  not  less  than  ninety  days,  whenever  there 
is  any  reason  to  hope  for  bony  union.  Fractures  at  the  ba.se  of  the 
neck  unite  by  bony  union,  if  apposition  and  immobilization  are  main- 
tained. The  certainty  and  rapidity  of  their  repair  are  frequently  lavored, 
and  their  treatment  is  often  greatly  facilitated,  by  the  presence  of  deep 
and  finn  impaction.  The  possibility  of  consecutive  shortening  from 
absorption  of  the  neck  has  been  described  in  a  previous  paragraph.  In 
children,  a  gradual  increase  of  shortening  and  deformity  during  adoles- 
cence, from  further  descent  of  the  depressed  neck,  may  be  expected. 

Trcaltmnt. — In  all  cases,  efforts  to  bring  the  fragments  into  apposi- 
tion and  to  immobilize  them  should  be  at  once  inaugurated. 

The  existence  of  impaction  is  of  the  utmo.st  importance  in  facili- 
tating treatment,  and  every  effort  should  be  made 
during  the  preliminary  care  and  examinations  to 
preserve  it  when  present,  the  patient  being  placed 
upon  a  firm  hair- mattress.  Lateral  pressure  and 
support  should  be  given  to  the  injured  hip  by  a 
stout  pelvic  bandage  drawn  snugly;  this  may  be 
reinforced  by  a  sand-bag  applied  under  the  tro- 
chanter so  as  to  support  it  and  prevent  further  ten- 
dency to  eversion ;  the  foot  should  be  protected 
from  the  weight  of  the  bed-clothing  by  a  suitable 
cage.  Additional  fixation  may  best  be  secured  by 
moulding  to  the  posterior  aspect  of  the  limb  and 
body  a  bar  of  soft  iron,  \  inch  in  thickness  and  I J 
inches  wide,  long  enough  to  reach  from  the  axilla 
to  the  lower  fourth  of  the  leg.  To  this  should  be 
united  a  transverse  band  <if  lighter  material  at  each 
end.  the  up|}er  one  long  enough  nearly  to  embrace 
the  thorax,  the  lower  one  the  ankle.  A  third  trans- 
verse band  is  added  at  a  point  so  that  it  shall 
^embrace  the  thigh  just  below  the  perineal  crease. 
This  apparatus  is  secured  in  place  by  proper  band- 
aging, as  shown  in  Fig.  368.  This  will  be  recog- 
nized as  the  splint  devised  by  Thomas  for  the  treat- 
ment of  hip-joint  affections.  Various  modifications 
of  it  may  be  required  to  suit  it  to  the  peculiarities 
of  individual  cases.  Weight  extension  may  be 
added,  if  necessary  to  control  tendency  to  .shorten- 
ing.    This  apparatus  secures  fixation  quite  satisfactorily,  while  it  greatly 
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facilitates  the  nursing  required  by  the  patient.  After  it  has  been  applied, 
the  patient  may  be  lifted  or  turned  upon  the  sound  side.  and.  still  wear- 
ing the  splint,  may  be  got  out  of  bed  upon  crutches  some  weeks  earlier 
than  would  otherwise  be  prudent.  The  splint  may  be  discarded  entirely 
at  the  end  of  from  twelve  to  sixteen  weeks. 

Another  method  is  to  apply  a  long  wooden  side-spHnt  extending 
from  ankle  to  axilla,  with  or  without  extension,  according  to  the  ten- 
dency to  shortening. 

Whenever  there  appear  evidences  of  serious  impairment  of  health, 
due  to  attempts  at  immobilization,  they  must  be  abandoned,  and  the 
general  condition  of  the  patient  attended  to. 

The  shBft  of  the  femur  may  present  any  variety  of  fracture  to  which 
a  long  bone  is  liable,  whether  from  direct  or  indirect  violence  or  from 
the  contraction  of  its  own  muscles.  The  line  of  fracture  is  usually 
oblique,  as  shown  in  Fig.  269 ;  but  transverse  fracture  is  not  uncommon, 
especially  in  children,  in  whom  also  the  preser\-ation  untom  of  a  part 
of  the  periosteal  investment  of  the  fractured  region  is  frequent.  Nota- 
ble displacement,  longitudinal,  angular,  and  rotary,  usually  attends 
fracture  of  the  shaft.  This  is  due  both  to  the  primarj-  fracturing  force 
and  to  the  subsequent  action  of  the  powerful  muscles  of  the  thigh. 


Fig.  269. — Common  fnrm  of  fraclure  of  Ihc 
shaft  of  Ihe  femur  (HofTa). 


Fid.  a7o.^Diagmm  ilhulratinE  direclion 
of  chief  Imu^  of  muscular  coiilraclion.  with 
lendeticy  lo  displacomeni  resulting  aflcr 
fraclure  o(  upper  (hird  of  Ihe  femur. 


This  tendency  to  displacement  assumes  especial  importance  from  its 
bearing  on  the  progress  of  repair  and  upon  the  possibilities  of  perma- 
nent deformity  and  lameness.  Obliquity  of  the  fracture,  generally 
present,  favors  the  slipping  of  the  fragments  by  each  other,  the  tendency 
to  which  \%  inevitable,  from  contraction  of  the  parallel  muscular  masses 
which  invest  the  bone.     The  lower  fragment  is  usually  drawn  to  the 
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inner  side  and  behind  the  upper,  with  the  formation  of  a  more  or  less 
well-marked  angular  deformity,  the  projection  of  which  is  often  visible 
on  the  anterior  and  outer  aspect  of  the  thigh.  The  tendency  to  this 
angular  deformity  is  more  apt  to  be  great  in  fractures  of  the  upper  third 
of  the  shaft,  in  which,  in  addition  to  the  action  of  the  pcroneotibiopelvic 
muscles  upon  the  lower  fragment,  the  upper  fragment  is  prone  to  be 
tilted  upward  by  the  action  of  the  iliolroclianteric  muscles  {Fig.  270). 
The  effect  of  muscular  contraction  may.  however,  be  much  limited  by 
the  strength  of  the  tendinous  and  aponeurotic  investments  remaining 
untom  about  the  seat  of  the  fracture. 

Tendencies  to  outward  rotary  displacement  of  the  upper  fragment 
from  the  uncontrolled  action  of  the  external  rotators  inserted  into  the 
great  trochanter,  and  of  the  lower  fragment  from  the  natural  tendency 
from  gravity  of  tlie  foot  to  fall  upon  its  outer  side,  also  characterize 
these  injuries. 

The  diagnosis  of  fracture  of  the  shaft  of  the  femur  is  usually  with- 
out question  upon  simple  inspection  and  manipulation  of  the  limb,  by 
which  the  classical  signs  of  fracture  are  at  once  appreciated.  The 
thickness  of  the  overlying  soft  tissues,  however,  prevents,  in  most  cases, 
the  accurate  recognition  of  the  details  of  the  line  of  fracture  and  of  the 
displacement.  More  exact  knowledge  may  be  obtained  by  the  freer 
manipulation  which  general  anesthesia  would  make  possible;  but  the 
use  of  such  extended  manipulations  should  rarely  be  resorted  to.  on 
account  of  the  increased  damage  to  the  surrounding  soft  tissues, 
which  they  produce.  An  -i'-ray  skiagraph,  when  procurable,  is  of 
especial  value  in  demonstrating  the  exact  relation  of  the  fragments. 
Comparative  measurement  of  the  length  of  the  two  limbs  is  of 
great  value  for  ascertaining  the  longitudinal  displacement.  It  should 
be  frequently  done  during  the  first  weeks  of  treatment,  for  the  pur- 
pose of  controlling  the  extending  force  to  be  used.  When  meas- 
urements are  taken,  it  is  important,  in  order  to  render  them  exact  for 
purposes  of  comparison,  that  the  patient  should  lie  upon  a  flat,  firm 
surface,  that  the  pelvis  should  not  be  lilted  in  any  direction,  and  that 
the  longitudinal  axis  of  each  limb  should  make  the  same  angle  with 
the  transverse  axis  of  the  pelvis. 

One  end  of  the  measuring  tape  should  then  be  firmly  pressed  against 
the  lower  surface  of  the  projecting  anterior  spine  of  the  ilium  above, 
while  the  lower  end  is  carried  to  the  lower  edge  of  the  internal  malleo- 
lus at  the  ankle.  Great  care  and  repeated  comparison  of  measure- 
ments are  required  to  avoid  errors  due  to  the  readiness  with  which  the 
soft  tissues  covering  the  prominences  named  glide  under  pressure. 

Prognosis. — This  injury  is  always  a  serious  accident,  requiring,  under 
usual  methods  of  treatment,  confinement  to  bed  for  weeks,  entailing 
considerable  disability  and  lameness  for  months,  and.  in  some  cases, 
such  shortening  as  to  cause  permanently  a  limping  gait.  Usually,  in 
adults,  a  simple  fracture  of  the  shaft  of  the  femur,  intelligently  treated, 
will  by  the  end  of  eight  weeks  consolidate  with  sufficient  firmness  to 
make  it  prudent  for  the  patient  to  be  allowed  out  of  bed  on  crutches, 
which  after  four  weeks  more  may  be  discarded  altogether.  While  the 
possibility  of  union  in  especially  favorable  cases  (such  as  transverse 
fractures  and  fractures  in  children,  without  shortening)  is  .undeniable. 
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still,  no  special  method  of  treatment  can  be  depended  on  to  ensure  it  in 
any  given  case.  The  normal  asymmetry  of  the  two  limbs  is  not  to  be 
overlooked  in  estimating  the  results  of  treatment,  for  a  normally  longer 
limb  will  possibly  still  be  as  long  as  the  opposite  one.  notwithstanding 
considerable  shortening;  or,  on  the  contrary,  a  normally  shorter  limb 
may,  after  consolidation,  present  apparently  marked  shortening,  when 
the  amount  of  shortening  due  to  the  injury  has  actually  been  slight 
Exact  apposition  of  the  fractured  surfaces  can  rarely  be  secured,  nor 
can  some  overriding  of  the  fragments  be  prevented,  however  intelligent 
and  assiduous  the  care.     A  result  is  to  be  accepted  as  good  when  bony 


FiC  271  — i-'iaclure  .u  the   nitcUlle  of  the  ?ih,ift   of  the  ft-niur      fnniii  with  slujrlenjng  aod 
eiLlcmal  angular  di^formity  {WarrcD  Museum,  Uostun). 

union  has  been  secured  with  no  perceptible  angular  deformity,  when 
the  normal  outward  inclination  of  the  foot  has  been  preserved,  and 
when  the  shortening  of  the  limb  does  not  exceed  an  inch.  In  the 
majority  of  cases,  this  should  not  be  more  than  i  inch  in  amount.  The 
lapse  of  some  time — at  least  one  year — is  necessarj'  before  final  judg- 
ment can  be  formed  as  to  the  perfection  of  functional  recovery. 

Treatment. — The  recumbent  position,  with  some  form  of  continuous 
extension,  combined  with  apparatus  for  the  immobilization  of  the  frag- 
ments, is  requisite.  A  proper  bed  is  import.int  It  should  be  narrow, 
preferably  36  inches  in  width.  The  mattress  should  be  of  hair,  firmly 
made,  not  more  than  4  inches  thick,  and  should  be  placed  upon  an 
even,  unyielding  surface,  best  and  most  conveniently  secured  by  placing 
underneath  the  mattress,  between  it  and  the  springs  which  usually 
support  it,  a  layer,  an  inch  thick,  of  matched  boards,  like  those  of  a 
door.  Thus  the  nates  are  prevented  from  sinking  down  into  the 
mattress,  and  the  necessary  care  for  the  reception  and  removal  of 
excretions  is  facilitated.  Decubitus  is  to  be  prevented  by  the  use  of 
pillows  and  pads,  as  required  to  shift  pressure  and  promote  comfort. 
Holes  in  the  mattress  or  special  apparatus  for  raising  the  patient  are 
rarely,  if  ever,  necessary-.  Sufficient  access  to  the  urethra  and  the 
rectum  can  be  had  by  raising  the  sound  thigh. 

Extension  is  best  secured  by  the  continuous  traction  of  a  weight 
(a  bag  of  shot  or  sand,  etc.l  fastened  to  a  cord  which,  passing  over  a 
pulley  attached  to  the  foot  of  the  bedstead,  is  fastened  to  strips  of 
adhesive  pla.ster  which  have  been  applied  to  either  side  of  the  injured 
limb  from  the  ankle  up  to  the  point  of  fracture.  Fig.  373  shows  the 
method  of  applying  these  strips.     They  should  extend  upward  above 
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the  knee,  along  the  thigh  to  a  point  a  little  above  the  level  of  the  fract- 
ure. The  complete  apparatus  is  shown  in  P'ig.  274.  For  the  purpose 
of  lessening  the  resistance  to  extension  caused  by  the  burrowing  of 
the  foot  and  leg  into  the  mattress,  they  should  be  lifted  from  the 
surface  of  the  mattress  and  supported  upon  the  sliding  apparatus 
shown  in   Fig.  273  (Volkmann's  shding  rest)  and  also  in   Fig.  274. 


Flu.  17s. — Applicalion  til  adhesive  sliips  fur  making  conlinuous  weigh l-ex ten ii on  of  leg  and 
Ihigh  :  t>,  the  adhesive  plaster  shaped  AUd  a[>pUed ;  t.  Ihc  reiaiaing  roller  ban<lage  applied,  and 
(he  apparatus  ready  for  altachmeal  or  Ihu  weiglil. 

Sufficient  counte  rex  tens  ion  is  obtained  from  the  weight  of  the  body, 
aided  by  elevating  the  foot  of  the  mattress-board,  or  of  the  bedstead 
if  preferred,  to  the  extent  of  6  or  more  inches.  This  extension  appa- 
ratus should  be  applied  as  soon  after  the  accident  as  possible.  By  the 
continuous  tension  of  a  moderate  weight-traction  thus  exerted,  the 
inevitable  spasm  of  the  thigh  muscles  is  gradually  overcome,  and  the 
overriding  of  the  fragments  is  corrected.     A  weight  of   10  pounds 


Fig.  173. — Sliding  fool-piccc  (oRct  Volkmuui). 


should  be  attached  at  first  in  the  case  of  an  adult,  this  being  increased 
from  day  to  d.iy,  as  found  necessary,  until  measurements  show  the 
injured  limb  to  be  of  equal  length  with  its  fellow.  About  the  fifth 
week  the  weight  may  be  discarded.  At  the  same  time  the  whole  limb 
should  be  steadied  by  a  posterior  splint  reaching  from  the  gluteal 
crease  above  to  the   lower  edge  of  the  calf  below.     Liberal  padding 
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should  be  placed  under  the  knee,  so  as  to  flex  it  slightly,  and  thus  pre- 
vent the  painful  hyperex tension  of  the  knee- ligaments  otherwise 
caused  by  the  weight-traction.  The  roller  bandage  by  which  this 
posterior  splint  is  fixed  to  the  limb,  applied  with  moderate  firmness 
below  the  knee,  should  be  sufficiently  loose  along  the  thigh  to  accom- 
modate later  swelling.  For  the  immobilization  of  the  fracture  chief 
reliance  is  to  be  placed  upon  a  long  external  splint  reaching  from  the 
axilla  above  to  beyond  the  sole  of  the  foot  below.  The  application 
of  this  splint  is  shown  in  Fig.  274. 

The  lower  end  of  this  splint  passes  through  the  slot  shown  in  the 
footpiece  of  the  sliding  rest,  and  thereby  full  control  of  any  tendency 


Fig.  374. — Complete  pennanFat  dressing  Tor  fiacturc  of  shaft  of  the  [emur. 

to  outward  rotation  of  the  foot  is  secured,  for  by  tilting  the  transverse 
pieces  which  support  the  tramway  along  which  this  foot-rest  slides,  any 
lateral  inclination  desired  can  be  given  to  the  foot. 

At  the  expiration  of  a  week,  the  tendency  to  shortening  having 
been  overcome,  and  the  primary  swelling  of  the  thigh  having  begun  to 
subside,  short  coaptation  splints  may  be  added  to  the  internal  and 
anterior  surfaces  of  the  thigh.  The  retention  of  the  limb  in  its  splints 
will  be  required  for  a  period  of  from  eight  to  ten  weeks  before  suffi- 
ciently firm  consolidation  will  have  occurred  to  make  it  prudent  to 
dispense  with  them  and  get  the  patient  up  on  crutches.  Should,  how- 
ever, any  reason  arise  making  it  important  to  get  the  patient  out  of 
bed  at  an  earlier  date,  or  should  delay  in  consolidation  indicate  need 
for  the  stimulus  of  locomotion  and  the  upright  position,  and  relief  from 
tedious  confinement,  sufficient  support  to  the  fracture  may  be  obtained 
by  encasing  the  limb  and  pelvis  in  p!astcr*of-Paris  bandage,  or  by  the 
application  of  the  iron  hip-splint  of  Thomas  (Fig.  275),  or  some  form 
of  the  traction-braces  used  in  the  treatment  of  hip  disease.  In  chil- 
dren, on  account  of  their  restlessness  and  the  special  attentions  needed 
to  keep  the  dressings  free  from  urine  and  feces,  vertical  suspension  of 
the  limb  (Fig.  276)  may  with  advantage  be  substituted  for  the  longi- 
tudinal extension  used  for  older  patients. 
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In    some    cases    or  fracture  through   the  upper    third    of    the 

shaft,  the  tendency  to  displacement  may  be  so  great  that  it  cannot 

be  overcome  until  the  thigh -muscles  are  relaxed  by  moderate  flexion 

of  the  tliigh  upon  the  pelvis  and  of  the  leg  upon  the  thigh.     This  can 

be    accomplished   by   placing    the 

limb  upon  a  double  inclined  plane 

(Fig.  277).      Traction  in  the  long 

axis  of  the  femur  may  be  obtained 

by  applying  the  adhesive  straps  to 

the  thigh  only,  and  elevating  the 

pulley  at  the  foot  of  the  bod. 

The  lower  third  of  the  femur 
may  be  broken  by  direct  violence, 
or  by  such  indirect  force  as  a  fall 
,  upon  the  feet  or  knee,  or  a  propul- 
sion fonvard  of  the  body  with  the 
knee  held  in  hyperextension,  or  by 
a  combination  of  torsion  and  trac- 
tion. Fractures  in  this  portion  of 
the  bone  have  an  especial  gravity 
on  account  of  the  proximity  of 
the  knee-joint,  the  possibility  of 
the  popliteal  blood-vessels  being 
compressed  or  lacerated,  and  the 
tendency  to  excessive  blood-extrav- 
asation from  the  torn  vessels  of  the 
vascular  bone  and  the  investing  peri- 
osteum. 

The  line  of  fracture  may  be 
more  or  less  transverse  from  side 
lo  side,  with  anteroposterior  obliq- 
uity, or  may  run  obliquely,  de- 
taching a  condyle  and  entering  into 
the  knee-joint.  There  may  be  much 
comminution,  with  or  without  Impac- 
tion of  fragments.  In  childhood  and 
youth,  the  lower  epiphysis  alone 
may  be  torn  away — an  accident 
which,  in  the  majority  of  reported  cases,  has  been  caused  by  entangle- 
ment of  the  leg  in  a  revolving  wheel.  The  displacement  depends 
chiefly  upon  the  direction  of  the  fracturing  force  and  the  lines  of 
obliquity  presented  by  the  fragnienl.s.  In  supracondyloid  fractures, 
the  line  of  fracture  is  often  oblique,  from  behind  downward  and  for- 
ward, with  protrusion  of  the  lower  end  of  the  upper  fragment  forward 
and  downward  toward  the  patella  (Fig.  278);  but  displacement  of  an 
opposite  character  is  not  infrequent.  When  with  the  first -mentioned 
displacement  the  line  of  fracture  is  above  the  insertion  of  the  gastroc- 
ncmii  muscles,  the  lower  fragment  may.  in  exceptional  instances,  become 
so  strongly  flexed  by  the  contraction  of  these  muscles  that  the  fract- 
ured surface  projects  backward  into  the  popliteal  space,  and  great, 
sometimes  insuperable,  difficulties  may  attend  eflbrts  to  secure  proper 


tii;.  375. — Tbomass  bip-»plln'  u«il  as 
an  ambulalaty  appliance  in  a  i^ue  uf  (mcl- 
uie  of  llie  shaft  of  the  femur  Willi  ilElaynd 
union. 
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adjustment  of  the  fragments.  In  epiphyseal  separations,  the  line  of 
fracture  is  just  below  the  origin  of  this  calf-muscle,  and  in  the  majority 
of  reported  cases  the  epiphysis  has  been  dislocated  forward,  retaining 
its  normal  relations  to  the  knee-joint  and  the  tibia,  while  the  lower  end 


Fig.  276. — Mciliu*!  •>{  ,i|>plvi"ij  ^I'l'ii.il  Mi-.[n'pi^Lijn  Hif  ihe  timb  in  Uit  lTealmi:iil  of  &%cture 

of  Ihe  femur  in  a  cliild. 

of  the  diaphysis  has  projected  backward  and  downward  into  the  poplit- 
eal space  (see  Fig.  279). 

Contraction  of  the  gastrocnemius,  attached  to  this  fragment,  inten- 
sifies the  displacement  and  resists  attempts  at  reduction.     In  a  number 


Fig.  377. — Double  inclined  plane  for  fracture  of  Ihe  upper  Ihinl  of  the  shaft  of  the  Cemur. 

of  reported  cases  the  popliteal  vessels  have  been  lacerated  by  the  sharp 
edge  of  the  displaced  fragment,  or  have  been  so  compres.sed  by  it  a.s  to 
produce  gangrene  of  the  parts  distal  to  it.  In  the  treatment,  accurate 
reduction,  under  general  anesthesia,  is  of  primary  importance.    Relaxa- 
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tion  of  muscles  by  flexion  of  the  leg  upon  the  thigh  and  of  the  pelvis 
should  be  first  secured.  While  the  parts  are  kept  in  this  position,  the 
reduction  is  to  be  effected  by  manipulation  and  extension.  In  many 
instances  retention  of  the  fragments  in  position  after  reduction  may 
best  be  maintained  by  keeping  the  leg  flexed  for  a  time  upon  the  thigh, 
at  an  angle  as  acute  as  can  be  borne  with  comfort  by  the  patient,  the 
fixation  being  effected  by  suitable  bandaging,  while  the  Umb  as  a  whole 
is  supported  upon  pillows  or  is  slung  in  a  hammock. 

Any  tendency  to  shortening  is  prevented  by  the  breadth  of  the  fract- 
ured surfaces  and  the  interlocking  of  their  irregularities  after  reduction 


Fig.  178. — Frnclurp  through  the  loner 
third  of  the  fi:inyr  hif.iltil  m  dcformilv  ; 
dLspLacFincnt  of  ihc  [owrr  end  of  the 
ujHwr  fngmt^Dl  downward  and  forward 
(Holthouscl, 


Fir.  rjt). — Diagmm  showing  usual  dis- 
pUcemenl  ufltT  scpicntion  of  lh«  lower 
rpiphysis  of  Ihe  rcmur  tKobsoD). 


has  been  effected ;  while  muscular  contraction  is  largely  antagonized  by 
the  po.sition.  In  exceptional  cases  it  may  be  well  to  put  the  calf-mus- 
cles still  further  at  rest  by  section  of  the  tendo  Achillis,  Plaster-of- 
Paris  bandages  may  be  used  to  advantage  in  some  instances.  By  the 
third  week,  the  angle  of  flexit>n  may  be  reduced  a  half,  and  soon  there- 
after a  straight  position  will  be  possible,  without  disturbing  the  apposi- 
tion of  the  fragments.  In  many  cases,  after  reduction,  the  straight 
po.sition,  with  or  without  weight -extension,  as  the  presence  or  absence 
of  tendency  to  shortening  may  indicate,  may  be  employed  from  the 
first  Wound  of  either  of  the  great  popliteal  vessels  calls  for  exposure 
of  the  injured  point  by  free  incision  and  ligation,  with  cither  amputation 
at  once  or  its  postponement  until  the  possible  failure  of  con.tcrvative 
measures  shall  have  unmistakably  declared  its  necessity.  If  the  knee- 
joint  has  been  penetrated,  either  by  the  primary  line  of  fracture  or  by 
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a  sharp  spicule  of  the  displaced  upper  fragment,  it  may  become  greatly 
swollen  by  biood-extravasation.  If  absolute  asepsis  is  obtainable,  this 
may  be  evacuated  by  aspiration  or  incision  ;  otherwise,  its  removal  must 
be   left  to  absorption,  aided   by   massage  and  bandage-compression. 


Fig.  aBo.— TraiiiVerw  fract- 
ure uf  Ihc  paicEla- 


Fic,     aSi.  —  Cnmminuleil 
fracture  of  the  paitlln. 


Fig.  38  s. — Vertical  fracture 
of  the  palello. 


Long-continued  stiffness  of  the  joint  and,  in  some  cases,  permanent 

ankylosis  remain,  whatcvi^r  the  treatment. 

The  Patella. — Fracture  of  the  patella  is  usually  the  result  of  cross- 
breaking  strain  exerted  upon  the  bone  by  the  contraction  of  the  quadri- 
ceps femoris.  when  in  flexion  of  the  knee  the  patella  is  only  partially 
supported  by  the  convexity  of  the  condyles.  Often  direct  violence 
combines  with  muscular  action  to  effect  the  fracture,  as  in  a  fall  or  blow 


FIG.  aSj. — Fracture  ol  llie  pniella,  showing  dcfeclive  appasiiion  of  fiEiciurc-surfaces  even  where 
h^gmenls  ate  broughl  into  coniaci  by  manipulalion  through  overlviiig  bu(1  parts  (Warren). 

upon  the  bent  knee.     In  very  exceptional  instances,  fracture  is  caused 
by  direct  violence  alone. 

The  line  of  fracture,  as  a  rule,  is  transverse  or  slightly  oblique,  being 
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seated  at  or  just  below  the  middle  of  the  bone.  Stellate  or  vertical 
lines  of  fracture  occur  as  the  result  of  direct  violence  (Figs.  2S0- 
282),  The  overlying  fibrous  coverings  of  the  bone  are  stretched  and 
irregularly  torn,  and  the  tear  extends  laterally  to  a  varying  degree,  in 
different  cases,  into  the  aponeurotic  capsule  of  the  knce-jnint.  The 
degree  to  which  the  upper  fragment  is  retracted  depends  upon  the 
extent  of  laceration  of  these  fibrous  investments;  usually  tlie  separa- 
tion does  not  exceed  an  inch  in  extent,  but  occasionally  it  amounts  to 
3  or  more  inches.  In  fracture  by  direct  violence  alone,  the  fibrous 
investments  may  be  but  slightly  torn,  and  no  appreciable  separation  of 
the  fragments  may  result  (Fig.  283).  Tilting  of  the  fragments,  so  that 
their  fractured  surfaces  no  longer  face  each  other,  is  frequent  (Fig.  283). 
The  fractured  surface  of  the  upper  fragment  is  prone  to  be  turned  in 
toward  the  cavity  of  the  knee-joint  by  the  action  of  the  vasti  fibers 


Flc  384. — TraniVErac  rractarc  of  (he  palclla; 
fractured  ^utCagc  pnrlinlly  covered  by  irregular  flaps 
of  torn  aponeurosis  (Holfa|. 


Fig.  3)5.  —  Fibroos  luiid  of 

union  after  fiacturc  of   the  patella 
(Hoffa). 


inserted  into  its  sides,  while  the  distal  fragment  may  be  tilted  forward 
by  fluid  effused  into  the  joint. 

Into  the  gap  between  the  fragments  the  prepatellar  tissues  fall,  and 
a  fringe  or  apron,  composed  of  shreds  of  the  stretched,  lacerated, 
fibrous  covering  of  the  patella,  in  many  ca.ses  invests  much  of  the 
fractured  surface,  more  especially  of  the  proximal  fragment  (Fig.  284). 
The  defective  apposition  of  the  fractured  surfaces  and  the  presence 
between  the  fragments  of  so  much  fibrous  ti.ssue  is  sufficient,  as  a  rule, 
to  prevent  bony  union  effectually,  however  carefully  the  part  is  immob- 
ilized and  retraction  of  the  upper  fragment  prevented.  As  exceptions 
to  this  rule  stand  only  some  fractures  by  direct  force  in  which  neither 
extensive  laceration  of  the  fibrous  investments  nor  much  separation  of 
the  fragments  has  occurred. 
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The  fibrous  band  uniting  the  fragments  (Fig.  285)  does  not  exceed 

\  inch  in  length  in  most  favorable  cases,  and  the  functions  of  the  hmb 
may  not  be  noticeably  impaired.  Gradual  elongation  of  the  uniting 
medium  is,  however,  of  frequent  occurrence,  so  that  the  distance 
between  the  frafjmcnts,  which  upon  the  removal  of  apparatus  was 
scarcely  J  inch,  may  be  found  after  some  montlis  to  have  become 
several  inches.  Complete  rupture  of  the  band  has  been  frequently 
recorded. 

Wide  separation  of  the  fragments  is  not  incompatible  with  usefulness 
of  the  limb,  whenever  that  portion  of  the  aponeurosis  of  the  vasti  mus- 
cles which  is  in.serted  into  the  sides  of  the  lower  fragment  has  remained 
intact.  Marked  rigidity  of  the  knee-joint  persists,  as  a  rule,  for  some 
time  after  the  removal  of  apparatus,  due  to  the  peri-articular  contract- 
ures and  adhesions  following  the  inflammatory  and  hemorrhagic  infil- 
trations of  the  soft  tissues  and  the  long  disuse  of  the  joint.  This 
gradually  diminishes  under  ordinary  use,  but  in  most  cases  some 
diminution  of  range  of  flexion  and  loss  of  power  of  active  extension 
persist  throughout  life.     Occasionally  the  knee  remains  quite  stifl! 

The  symptoms  of  fracture  of  the  patella  are  at  once  recognizable  by 
sight  and  touch  ;  the  division  of  the  bone  into  fragments  more  or  less 
widely  separated  and  capable  of  individual  mobility  declares  unmis- 
takably the  nature  of  the  accident.  The  loss  of  power  is  usually,  but 
not  necessarily,  at  once  complete ;  it  is  dependent  in  some  measure 
upon  the  extent  of  the  laceration  of  the  lateral  aponeuroses.  Disten- 
tion of  the  knee-joint  supervenes  rapidly  from  the  accumulation  of 
blood  and  serum  within  its  cavity,  and  extensive  ecchymosis  of  the 
adjacent  connective  tissue  quickly  follows. 

Treatment. — The  knee-joint  should  be  immobilized  by  a  suitable 
splint  adjusted  to  the  back  of  the  limb,  while  the  foot  is  elevated  upon 
a  pillow  (Fig.  286).  An  ice-bag  or  an  evaporating  lotion  should  be 
applied  to  the  knee  to  check  effusion  and  limit  inflammatory  reaction. 


Fig.  aflO. — Showing  back  .^plinl  nn^l  i-ki  aiion  of  foot  advised  for  fractured  patella 

(HamilloDj. 


After  the  third  day  these  may  be  omitted,  and  the  absorption  of  effu- 
sion promoted  by  the  elastic  pressure  of  a  flannel  roller  bandage, 
aided  by  massage.  Retraction  of  the  upper  fragment  is  to  be  con- 
trolled by  adjusting  a  shield  of  adhesive  plaster  to  the  front  of  the 
thigh,  so  that  the  lower  edge  of  the  plaster,  when  drawn  upon,  shall 
encompass  the  upper  edge  of  the  patella.     To  the  lower  lateral  angles 
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of  this  shield  strong  elastic  bands  are  fastened,  which  are  attached 
below  to  the  under  surface  of  the  splint  at  the  ankle,  and,  drawn  tense, 
may  exert  a  constant  downward  pressure  upon  the  fragment.  The 
subsidence  of  the  swelling  and  the  tendency  of  the  superficial  tissues 
to  glide  make  frequent  readjustment  of  this  apparatus  necessary. 

The  permanent  splint  to  be  worn  during  immobilization  is  best 
made  from  several  layers  of  canton  flannel  or  towelling  saturated 
with  plaster-of-Paris  cream,  secured  while  still  plastic  to  the  pos- 
terior aspect  of  the  limb  by  a  roller  bandage.  The  pieces  of  cloth 
should  be  long  enough  to  reach  from  the  ankle  to  the  gluteal  crease, 
and  wide  enough  to  cover  two-thirds  of  the  circumference  of  the  limb ; 
at  the  joint  the  splint  should  not  extend  above  the  most  projecting 
point  of  the  condyles.  Two  thicknesses  of  the  cloth  suffice  for  the 
greater  portion  of  the  splint,  but  these  should  be  reinforced  in  the 
middle  under  the  knee  by  two  extra  layers.  The  adjustment  of  this 
permanent  splint  should  be  deferred  unti!  the  primary  joint-swelling 
has  subsided.  The  posterior  immobilizing  splint  should  be  retained 
for  six  to  eight  weeks,  but  after  the  first  week  daily  massage  of  the 
quadriceps  femoris  muscle  should  be  made,  access  to  the  anterior  por- 
tion of  the  thigh  requiring  merely  the  temporary  removal  of  the  outer 
bandage.  After  the  third  week  the  whole  apparatus  should  be  daily 
removed,  and  massage  of  the  joint,  with  gentle  pa.ssive  movements, 
added.  By  this  method  of  treatment  a  close,  strong,  fibrous  bond 
may  be  secured  with  the  least  amount  of  joint-disability. 

Failure  to  secure  bony  union  is  due  to  the  presence  of  fibrous 
tissue  between  the  fragments,  and  no  prolongation  of  the  period  of 
immobilization,  nor  special  method  of  approximation  will  secure  other 
than  fibrous  union,  unless  this  is  removed.  To  accomplish  this  would 
require  free  exposure  of  the  fracture-surfaces  by  incision  through  the 
overlj-ing  soft  parts,  but  the  risks  of  subsequent  suppuration  within 
the  knee-joint  are  too  great  to  render  such  incision  advisable,  except 
by  a  surgeon  skilled  in  aseptic  operative  technic.  When,  however,  the 
necessary  aseptic  conditions  can  be  secured,  the  fracture  should  be 
exposed  by  a  free  longitudinal  incision,  the  shreds  of  fibrous  tissue  and 
the  blood-clots  which  cling  to  the  broken  edges  should  be  removed, 
the  blood  within  the  joint-cavity  should  be  gently  sponged  or  irrigated 
out.  and  the  fragments  should  be  secured  in  close  apposition  by  sutures 
passed  through  the  overlying  periosteum,  and  through  the  aponeurosis 
on  either  side.  Chromicized  catgut  is  preferable  for  these  sutures. 
The  insertion  of  silver  wire  through  the  bony  substance  of  the  frag- 
ments to  hold  them  together  is  unnecessary  and  objectionable,  on 
account  of  the  amount  of  handhng  and  bruising  of  the  parts  which  it 
entails.  The  superficial  incision  should  then  be  closed  by  two  tiers  of 
sutures,  one,  of  catgut,  to  the  deep  fascia,  and  one,  subcuticular,  of  silk 
or  fine  silver  thread.  The  posterior  plaster  splint  should  then  be  applied. 
After  four  weeks  this  splint  should  be  left  off,  passive  movements  insti- 
tuted, and  attempts  at  walking  begun.  By  the  end  of  the  sixth  week 
all  restraint  of  the  active  use  of  the  limb  may  be  abandoned,  and  free 
flexion  encouraged.  Cases  thus  treated  show  uniformly  rapid,  firm, 
bony  union,  with  a  minimum  amount  of  peri-articular  stiffness  and 
muscular  atrophy.     The  risks  of  infective  accident  are,  however,  too 
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great  to  render  this  method  of  treatment  advisable  for  adoption  by  the 
general  practitioner  in  recent  simple  fracture.  In  cases  of  compound 
fracture,  however,  it  should  be  done  as  a  matter  of  routine,  with  special 
precautions  as  to  the  thorouj^h  cleansing  and  drainage  of  the  joint. 
In  old  cases  of  fracture,  with  noticeable  disability  from  non-union, 
exposure  by  incision,  removal  of  intervening  soft  tissue,  refreshing  of 
the  bone-edges,  approximation  and  suture  together  of  the  fragments, 
should  be  done,  if  safeguards  of  asepsis  can  be  assured.  Owing  to 
the  tension  required  in  most  of  such  old  cases  to  bring  the  fragments 
into  apposition,  wiring  of  the  fragments  together  is  usually  called  for 
in  this  class  of  cases. 

Numerous  methods  have  been  suggested  for  tying  the  fragments 
together,  in  recent  cases,  by  thread  passed  under  or  around  them  sub- 
cutaneously,  without  a  free  incision  into  the  in- 
jured area.  All  these  methods,  however,  fail  to 
meet  the  prime  indications  for  removing  the  fibrous 
material  that  may  be  between  the  fragments  and 
of  clearing  the  joint  of  blood-ciots,  while  they 
entail  risks  of  infection  nearly  as  great  as  those 
which  attend  open  incision.  The  use  of  steel 
hooks  whose  points,  penetrating  the  skin  until 
they  become  engaged  in  tlie  anterior  surface  of 
the  fragments,  can  be  approximated,  and  thus 
draw  and  hold  together  the  fragments,  has  only 
historical  interest. 

The  I^g. — Fractures  of  the  bones  of  the  leg 
are  second  in  the  order  of  frequency  only  to  those 
of  the  bones  of  the  forearm.  In  by  far  the  largest 
proportion  of  cases,  both  the  tibia  and  the  fibula 
arc  broken.  The  tibia  and  the  fibula  are  alone 
broken  in  about  equal  degrees  of  frequency.  The 
lower  third  of  these  bones  is  the  most  frequent 
seat  of  fracture,  but  fractures  involving  the  mid- 
dle or  upper  thirds  are  not  infrequent.  All  the 
varieties  of  fracture  and  all  the  causes  of  fracture 
met  with  in  fractures  of  other  long  bones  find 
their  counterpart  in  the  bones  of  the  leg.  In  this 
region  compound  fracture  is  met  with  more  fre- 
quently than  in  any  other  part  of  the  body,  owing 
to  the  subcutaneous  position  of  the  tibia  and  the 
frequency  with  which  a  direct  blow  or  crushing 
violence  is  sustained  by  the  legs. 

Fracture  involving  the  upper  tliird  of  the 
bones  of  the  leg  presents  special  conditions  the 
nearer  it  approaches  to  the  knee-joint. 

Impaction  of  the  lower  fragment  into  the 
upper,  with  comminution  of  the  upper  fragment, 
the  lines  of  fracture  opening  into  the  knee-joint, 
may  result  from  falls  upon  the  feet  from  a  height.  Free  hemorrhage 
into  the  cavity  of  the  joint  and  the  involvement  of  the  peri -articular 
structures  in  the  inflammatory  conditions  provoked  by  the  fracture  are 


Fig.  287.— Comminuted 
fraclure  of  the  bones  of  tlie 
leg.  Machinery  accidenlr 
bone-in  juries  aticnded  by 
exiensive  lactrnlion  of  soft 
lissueSn  ncccssi baling  am- 
putation above  The  knee- 
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unavoidable.  Prolonged  joint-stiffness  and  swelling  are  the  result,  and 
permanent  impairment  of  function  is  possible.  Owing  to  the  proximity 
of  large  blood-vessels  and  important  nerve-trunks,  .idditional  complica- 
tions due  to  their  laceration  or  compression  occasionally  arise.  Iso- 
lated fracture  of  the  upper  end  of  the  fibula,  which  may  occur  from 
direct  violence  or  from  the  pull  of  the  biceps  muscle  under  certain  con- 
ditions, is  especially  liable  to  have  associated  with  it  rupture  or  contu- 
sion of  the  peroneal  nerve,  and  consequent  paralysis  of  the  structures 
supplied  by  it.  Instances  of  separation  of  the  upper  epiphysis  of  the 
tibia  are  recorded,  in  some  of  which  there  has  resulted  premature  ossi- 


FlC.  aSS,— Fr.iclure  of  Uie  shnfl  of  Ihe 
tibia  and  of  rhe  fibiilik,  with  eKicnxal  rotary 
displacemcDl  (HofTi). 


Fig.  389. — Comminuifd  (mtlurc  of  iho 
libin :  leg  tun  over  by  tlic  wheel  of  a  slrcet- 
cor. 


fication  of  the  interepiphyseal  cartilage  and  arrest  of  so  much  of  the 
growth  of  the  bone-  in  Itngth  as  dejx^nds  upon  that  structure. 

The  displacement  attending  fractures  of  the  leg  near  the  knee  is 
usually  merely  that  resulting  directly  from  the  fracturing  force,  and. 
when  once  overcome  by  manipulation,  does  not  tend  to  recur;  but  in 
some  instances  the  contraction  of  the  hamstring  muscles  is  sufficient 
to  cause  marked  displacement  of  the  fractured  end  of  the  upper  frag- 
ment by  flexing  it  into  the  popliteal  space,  ret|uirinfj  fixation  of  the 
whole  leg  in  flexion  until  consolidation  has  become  well  advanced,  or 
section  of  the  hamstring-tendons,  to  overcome  the  tendency  to  dis- 
placement. The  head  of  the  fibula,  in  isolated  fracture  of  that  bone, 
may  likewise  be  draxvn  upward  by  the  biceps  muscle  away  from  the 
main  portion  of  the  bone  for  an  inch  or  more. 

Fracliires  iinoiviii}^  the  shafts  of  the  leg-bones  commonly  exhibit  a 
tendency  to  anterior  angular  displacement  from  the  contraction  of  the 
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muscles  of  the  calf,  wliich  draw  the  lower  frafjmcnt  upward  and  behind 
the  upper,  or  in  front  of  it,  according  to  the  direction  of  the  obliquity 
of  the  fracture-line.  Rotary  displacement  (Fig.  288)  is  likely  to  occur 
from  the  falling  to  one  side  of  the  unsupported  foot. 

The  imwr  ends  of  the  bones  are  the  frequent  subjects  of  crushing 
injuries  that  cause  multiple,  often  compound,  fractures  that  involve  the 
ankle-joint ;  but  the  most  common  injury  is  simple  fracture  of  the  fibula 
near  its  lower  end,  with  avulsion  of  the  tip  of  the  internal  malleolus, 
and  cither  laceration  of  the  lower  tibiofibular  ligament  or  tearing  away 


FIG_  agOL Fracture  Ihiijugh  low'   ■     ■  .  .  1  tlit-  slufi  of  the  libia:  posterior  upni4  dofiUcc- 

meiil  of  the  lower  fragmenl  ft^taticT)  (tkiagnph  by  Goodspeed). 

of  that  portion  of  the  tibia  into  which  it  is  inserted,  due  to  cross- 
breaking  strain  resulting  from  forcible  eversion  of  the  foot  The  tj-pi- 
cal  condition  is  shown  in  Fig.  291. 

In  more  extreme  cases,  in  which  to  the  everting  force  is  added  a 
vertical  pressun;.  as  iit  some  (alls  upon  the  feet,  the  astragalus  is  driven 
upward,  displacing  upward  and  outu'ard  the  fibular  fragment  and  its 
attached  sliver  of  tibia. 

Forcible  im-ersion  of  the  foot  may  also  tear  off  the  external  mal- 
leolus, and  in  extreme  cases  the  tip  of  the  internal  malleolus  also. 
Such  injuT>-  is,  howe^-cr.  of  great  rarity. 

Fracture  of  the  shaft  of  the  tibia  or  of  the  fibula  alone  may  resuh 
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from  direct  violence.  The  support  given  by  the  unbroken  parallel 
bone  prevents  much  displacement,  and,  by  aiding  immobilization,  con- 
tributes to  rapid  repair  of  the  injury. 

The  prognosis  in  fractures  of  the  bones  of  the  leg  must  often  be 
unfavorably  affected  by  the  associated  injuries.  Simple  fractures  held 
in  proper  apposition  usually  become  firmly  enough  consolidated  to 
bear  the  weight  of  the  body  in  walking  in 
from  six  to  eight  weeks.  A  tendency  to 
edema  and  venous  congestion  persists  for 
months  in  some  cases,  especially  in  per- 
sons past  middle  age.  Aching  after  much 
use  is  often  complained  of  for  a  long  time. 
Delayed  union  in  cases  of  comminuted 
and  of  compound  fracture  is  of  frequent 
occurrence.  Non-union  occurs  with  a  fre- 
quency exceeded  only  by  the  patella  and 
the  humerus. 

Treatment. — Fracture.'!  of  the  leg  are 
best  treatcti  by  some  form  of  plastic  splint, 
or  by  the  posterior  wire  splint  (Fig.  292), 
after  correction  of  any  displacement  by 
traction  and  manipulation.  Persistent  re- 
currence of  displacement  due  to  obliquity 
of  the  fracture  and  muscular  spasm  calls 
for  relaxation  of  the  affected  muscles  by 
position  or  by  tenotomy.  DixHsion  of  the 
tendo  Achillis  may  be  unhesitatingly  re- 
sorted to  for  overcoming  deformity  caused 
by  contraction  of  the  calf-muscles.  If  the 
fracture  is  unattended  by  much  laceration 
or  contu.sion  of  the  soft  parts,  a  plastcr-of- 
Paris  roller  bandage  may  be  at  once  ap- 
plied over  a  single  layer  of  cotton  wadding 
by  which  the  part  has  been  first  wrapped 
(see  section  on  General  Considerations,  page  506).  Careful  watch  of 
the  toes,  always  left  exposed  for  observation,  should  be  maintained 
at  first,  until  it  is  evident  that  there  is  no  impediment  to  the  free  cir- 
culation of  blood  in  the  parts  distal  to  the  fracture.  Should  numb- 
ness, or  lividity,  or  pallor  of  the  toes  develop,  the  splint  should  at 
once  be  cut  open  throughout  its  length,  and  sprung  open  suflliciently 
to  relieve  the  constriction.  The  plaster  roller  should  never  be  pri- 
marily applied  to  a  case  which  cannot  be  thus  watched.  If  the 
plaster  bandage  is  well  borne,  the  patient  may  be  allowed  to  get  up 
from  bed  and  move  about  upon  crutches  with  considerable  freedom 
as  soon  as  the  primary  pain  and  tenderness  occasioned  by  the  trauma- 
tism have  subsided.  Whenever,  by  reason  of  the  absorption  of  effu- 
sions or  the  atrophy  of  tissue,  the  plaster  case  gets  loose,  it  should  be 
removed  and  another  applied.  In  any  case  it  should  be  taken  off  at 
the  end  of  the  first  week  for  inspection  and  readju.'itment,  if  necessary, 
of  the  fracture,  and.  evcrj'thing  being  favorable,  a  new  bandage  applied. 
If  the  injury  to  the  soft  parts  is  such  as  to  make  the  safetj-  of  the 


FlC.  agi. — Fraclurc  o(  Ihc  fihota. 
wilh  fraclurc  of  the  lip  of  the  inter- 
nal malleolus  and  of  the  fibular 
ariicuiar  surface  of  the  tibia  from 
violrnt  evcrsion  of  the  fool  |PotIs 
fmclute)  (Hofla). 
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immediate  application  of  the  plaster  roller  questionable,  a  posterior 
plaster  gutter,  as  advised  in  the  case  of  tiie  patella,  should  be  resorted 
to.  The  splint  should  extend  from  above  the  knee  to  the  base  of  the 
toes,  and  should  leave  the  anterior  third  of  the  leg  exposed  (sec  Fig. 
293).  It  is  best  held  in  place  by  a  many-tailed  bandage  which  per- 
mits the  frequent  inspection  of  the  site  of  fracture  without  any  disturb- 


KlG.  393. — Fraclure  of  leg  immobiliied  in  a  posterior  wire  splint. 

ance  of  the  fragments.  When  the  swelling  has  subsided,  usually 
during  the  second  week,  the  plaster  roller  bandage  may  be  substituted 
for  the  gutter. 

Special  care  is  to  be  exercised  in  the  application  of  these  dressings 
that  the  foot  be  kept  up  to  a  right  angle  with  the  long  axis  of  the  leg, 
and  that  no  lateral  deviation  occur,  the  head  of  the  first  metatarsal 


Fig.  393. — Poslnriiir  gypsum  Eu'lcr-splint. 

bone  being  in  the  same  line  with  the  inner  .edge  of  the  patella  and  the 
anterior  superior  spine  of  the  ilium. 

For  the  temporary  fixation  of  the  fragments,  until  place  and  mate- 
rials for  the  plastic  dressings  can  be  procured,  well-padded  strips  of 
board  secured  to  the  hmb  by  circular  turns  of  bandage  will  serve  a 
good  purpose.  Three  strips,  one  posterior  and  one  for  each  side, 
should  be  used ;  they  should  extend  from  the  middle  of  the  thigh 
above  to  beyond  the  sole  of  the  foot  below ;  they  should  be  so  padded 
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as  to  fit  the  inequalities  of  the  limb  when  snugly  drawn  up  to  it  by  the 
bandage;  they  should  be  wide  enough,  so  that  the  encircling  bandage 
when  applied  should  not  touch  the  leg.  For  the  special  care  required 
in  the  treatment  of  compound  fractures,  see  page  508. 

Ambidatory  Dressings. — In  cases  suitable  for  the  application  of  the 
plaster  bandage,  it  is  possible  so  to  adjust  the  dressing  that  the  portion 


Flc  »w — Amliulalory  dressing  for  tmcliiie  o(  Ihc  linnes  of  (he  leg. 

of  the  limb  distal  to  the  fracture  may  be  suspended  in  the  rigid  dress- 
ing which  has  been  made  to  extend  beyond  the  sole  of  the  foot  below 
by  interposing  an  inch  thickness  of  cotton  between  the  sole  of  the  foot 
and  that  portion  of  the  bandage  which  comes  in  contact  with  the 
ground,  the  upper  part  of  the  dressing  grasping  the  prominences  about 
the  knee  and  the  conical  surfaces  of  the  thigh,  so  as  to  transmit  the 
weight  of  the  body  from  them  through  the  splint  to  the  ground,  with- 
out disturbing  the  seat  of  fracture.  The  swinging,  dependent  position 
of  the  limb  and  the  muscular  movements  required  in  the  efforts  to  use 
such  a  limb  actively  in  locomotion  produce  nutritive  conditions  more 
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favorable  to  repair  than  those  which  attend  the  anemia  caused  by  the 
elevated  position,  the  bandaging,  and  the  disuse  which  are  a  part  of 
the  methods  of  treatment  usually  followed.  Special  watchfulness 
against  possible  pressure-necrosis  is  required  in  the  use  of  such  a 
dressing,  and  it  should  not  be  ventured  upon  in  cases  in  which  the 
prominences  about  the  knee  are  excoriated  or  edematous. 

For  its  proper  application  practical  familiarity  with  the  ordinaiy 
application  of  the  plaster  bandage  is  requisite,  and  it  is  not  to  be  recom- 
mended for  use  by  the  general  practitioner.  In  the  hands,  however, 
of  surgeons  who  have  the  necessary  technical  skill  and  experience, 
this  ambulatory  dressing  may  be  applied  in  most  cases  of  simple  fract- 
ure of  the  leg,  with  the  result  of  avoiding  in  many  cases  the  disadvan- 
tage of  prolonged  detention  from  the  activities  of  life,  of  expediting  the 
full  consolidation  of  the  fracture,  and  of  securing  an  earlier  restoration 
of  the  full  functions  of  the  limb. 

The  Bones  of  the  Foot. — Fractures  of  the  astragalus  or  of  the 
OS  calcis  are  more  commonly  the  result  of  a  fall  from  a  height,  the 
weight  of  the  body  being  received  squarely  upon  the  sole  of  the  foot. 
Some  comminution  is  the  usual  accompaniment,  and  dislocation,  often 
compound,  is  a  frequent  complication.  A  portion  of  the  os  calcis  may 
be  torn  off  by  violent  contraction  of  the  calf-muscles.  Crushing  injuries 
from  direct  violence  may  present  every  degree  of  comminution  of  these 
bones  and  laceration  of  the  overlying  soft  tissues. 

In  the  case  of  compound  injuries  not  requiring  amputation,  excision 
of  loose  fragments,  and  even  of  the  entire  astragalus,  may  be  indicated. 
In  the  less  severe  injuries,  after  the  fragments  have  been  moulded  into 
place,  retention  is  best  secured  by  a  plaster-of-Paris  bandage,  especial 
care  being  taken  that  the  foot,  when  fixed,  is  flexed  at  a  right  angle  to 
the  leg.  When  the  contraction  of  the  calf-muscles  tends  to  draw  away 
a  fragment  of  the  os  calcis,  section  of  the  tendo  Achiili.s  should  be  made. 

The  metatarsal  bones  and  the  phalang^es  of  the  toes  aie  frequently 
the  subjects  of  crushing  injuries,  caUing  for  amputation  or  for  excision 
in  their  treatment. 


CHAPTER    XVII. 


IPJJURIES   TO   THE  JOINTS;    DISLOCATIONS. 

INJURIES   TO  THE  JOINTS. 

The  joints,  although  strong  and  well  arranged  to  resist  violence, 
none  the  less,  as  the  parts  of  the  body  in  which  mobility  is  greatest, 
form  weak  points  in  the  economy,  and  as  such  furnish  the  subject  of 
an  important  chapter  in  the  surgery  both  of  injury  and  disease. 

Importance  of  Injttries  to  the  Joints. — This  is  to  be  regarded 
first  as  to  Ihf  degree  of  immediate  local  injury.  This  may  be  so  severe 
or  complicated  by  so  extensive  coexistent  damage  to  the  soft  parts  as 
to  endanger  the  safety  of  the  limb ;  or,  on  the  other  hand,  the  structures 
proper  to  the  joint  itself  may  alone  materially  suffer.  Such  injuries 
may  be  completely  recovered  from,  or  they  may  leave  behind  them  a 
tendency  to  recurrent  inflammation,  a  certain  degree  of  physical  weak- 
ness, or  a  varying  degree  of  interference  with  the  normal  range  of 
motion  of  the  joint. 

The  special  importance  of  the  slighter  injuries  to  the  joints  lies, 
however,  in  their  relation  to  the  various  constitutional  diatheses,  wherein 
even  a  very  slight  trauma  may  lead  to  the  most  serious  results.  This 
connection  is  perhaps  most  strikingly  exemplified  in  tuberculous  dis- 
ease. Here  the  number  of  cases  in  which  the  affection  dates  from  an 
injury  often  marked  by  insignificant  immediate  results  is  astonishingly 
great.  Though  less  frequent,  yet  not  less  important  is  a  similar  his- 
tory in  the  case  of  joint-suppuration  secondary  to  acute  infective  bone- 
inflammation  in  the  young.  Again,  the  course  of  joint-injuries  may  be 
seriously  influenced  by  the  gouty  or  rheumatic  diathesis,  and  -«till  more 
importantly  by  the  hemophilic.  A  form  of  arthritis  destructive  in 
character  is,  moreover,  sometimes  induced  in  old  persons  or  even  in 
adult  hfc,  best  known  as  chronic  traumatic  arthritis. 

Contusions. — These  injuries  are  common,  and  vary  considerably 
in  severity  and  importance.  The  superficial  position  of  some  articula- 
tions renders  them  liable  to  considerable  contusion  as  the  result  of 
comparatively  slight  violence,  while  others  are  protected  by  their  deep 
situation.  As  in  so  many  other  instances,  the  knee-joint  takes  the  first 
place  in  this  respect,  in  consequence  of  its  exposed  and  superficial 
position,  its  functional  importance,  and  its  size  and  strength. 

Contusions  are  either  caused  by  blows  with  blunt  bodies,  or  arc  the 
result  of  striking  the  joint  again.st  the  ground  in  a  fall.  In  the  slighter 
forms  these  injuries  are  followed  by  superficial  ccchymosJs  and  a  vary- 
ing degree  c)f  joint-effusion,  the  fluid  consisting  of  an  admixture  of 
blood  -and  synovia  in  different  proportions.  Such  effusions  arc  usually 
attended  by  the  ap|>carance  of  local  swelling,  heat,  and  more  or  less 
pain  from  tension — the  signs,  in  short,  of  simple  synovitis,  the  direct 
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result  of  trauma — and  perhaps  by  the  presence  of  blood  in  the  joint- 
cavity.  In  the  absence  of  any  diathetic  complication,  the  ordinary 
course  is  to  resolution. 

From  the  nature  of  the  violence  producing  them,  however,  con- 
tusions of  the  joints  are  often  complicated  by  very  severe  injury  to  the 
surrounding  soft  parts — the  skin,  subcutaneous  tissue,  the  burss,  the 
muscles  and  tendons,  the  vessels,  the  nerves,  or  the  bones  being  more 
or  less  implicated.  In  many  of  these  instances  the  joint-lesion  takes  a 
secondarj-  place.  Effusion  into  the  bursK,  of  the  same  nature  as  that 
within  the  articular  cavity,  often  complicates  a  joint-contusion,  and  may 
lead  to  some  difficulty  in  diagnosis,  the  bursa,  as  the  more  superficial 
structure,  sometimes  giving  rise  to  the  more  prominent  initial  signs  and 
symptoms.  Small  fragments  of  the  bones  or  cartilages  may  be  broken 
off,  too  insignificant  to  lead  to  the  case  being  classed  as  one  of  fracture, 
but  yet.  in  view  of  possible  after-results,  needing  an  equal  amount  of 
care  in  treatment. 

The  ordinary  course  of  these  injuries,  when  occurring  in  healthy 
persons  and  moderate  in  degree,  is  to  resolution  and  complete  recovery. 
Certain  after- con  sequences,  however,  are  common ;  the  least  important 
of  these  is  the  persistence  of  local  pain,  with  some  consequent  limita- 
tion of  function.  Again,  simple  effusion  may  persist  for  some  con- 
siderable time.  When  portions  of  the  bone  or  cartilage  are  broken 
oK,  these  may  so  unite  as  to  interfere  with  the  proper  movements  of 
the  joint,  or  they  may  remain  as  loose  bodies,  giving  rise  to  the  ordinary 
train  of  symptoms  observed  when  these  are  present.  With  regard  to 
the  latter  point,  however,  it  should  be  noted  that  separation  of  loose 
fragments  is  rare  in  the  absence  of  previous  pathological  change,  a 
change  which  is  usually  of  the  nature  of  chronic  rheumatoid  arthritis,  in 
which  the  articular  margins  are  unduly  prominent. 

Treatment  of  Contusions. — SHght  contusions  are  best  treated  by 
rest  and  the  application  of  cooling  lotions  or  by  hot  bathing;  more 
seveKC  ones,  by  a  back  splint  and  an  ice-bag  or  Leiter's  tubes.  In 
cases,  however,  where  ecchymosis  is  a  prominent  feature,  great  caution 
should  be  exercised  in  the  application  of  ice,  since  the  lowering  of  the 
temperature  may  so  interfere  with  the  vitality  of  the  skin  as  to  lead  to 
gangrene.  If  effusion  is  the  prominent  symptom,  no  better  treatment 
can  be  adopted  than  the  immediate  application  of  a  pla.ster-of- Paris 
splint;  but  this,  as  a  rule,  should  not  be  kept  on  for  more  than  a  few 
days,  as  too  prolonged  fixation  may  lead  to  troublesome  stiffness  of 
the  joint.  When  the  splint  is  removed,  hot  bathing  and  gentle  exercise 
will  help  to  ensure  the  early  resumption  of  the  norma!  mobility.  If 
the  treatment  needs  to  be  at  all  prolonged,  massage  is  most  useful. 
This  maybe  commenced  while  the  joint  is  still  tender,  but  in  this  stage 
it  should  be  directed  to  the  muscles  acting  on  the  articulation,  and  not 
to  the  tender  joint  itself 

Sprains  of  Joints. — This  term  is  used  to  describe  injuries  of 
joints  resulting  from  forcible  movements  in  which  the  normal  range 
is  exceeded.  Sprains  may  be  produced  by  false  movements,  too  great 
voluntary  muscular  efforts,  or  by  blows  or  falls.  Such  injuries  may 
result  in  mere  nipping  of  the  synovial  fringes,  in  more  or  less  exten- 
sive rupture  of  the  ligaments,  or  in  separation  of  small  fragments  of 
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bone  together  with  the  latter  structures.  Sprains  are  also  necessarily 
attended  bj-  much  stretching  of  the  tendons  and  tendon-sheaths  sur- 
rounding tile  articulation. 

The  immediate  result  is  the  establishment  of  an  abnormal  degree 
of  mobility,  and  hence  weakness  and  want  of  proper  stability.  This 
condition  is  accompanied  by  pain,  and  is  followed  by  effusion  into  the 
joint-cavity,  and  often  also  into  the  tendon -sheaths  surrounding  the 
joint.  At  a  later  date  ecchymosis  occurs,  when  the  deeply  effused 
blood  has  had  time  to  make  its  way  to  the  surface. 

Results  of  Sprains. — Much  that  has  been  .said  as  to  the  results  of 
joint-injuries  in  general,  and  as  to  the  results  of  contusions,  applies 
equally  well  in  the  case  of  sprains.  One  result,  hoivever.  must  be 
specially  mentioned — namely,  the  persistent  weakness  due  to  abnormal 
mobility.  This  may  depend  on  the  stretching  of  the  ligaments  due  to 
long-standing  effusion,  to  insufficient  repair  of  an  injured  ligament,  or 
to  the  stretching  of  the  new  cicatrix.  Careful  fixation  of  the  joint  at 
the  time  of  injurj'  is  therefore  the  special  indication  in  the  treatment  of 
these  injuries. 

Treatment  of  Sprains. — Here  again  much  that  has  been  said  as 
to  the  treatment  of  contusions  applies,  but  two  points  need  special 
mention — first,  that  effusion  is  often  a  prominent  sign  :  and  secondly, 
that  every  effort  must  be  made  to  prevent  the  persistence  of  abnormal 
mobility.  Both  conditions  are  best  treated  by  immobilization  in  a 
plasler-of- Paris  splint.  For  effusion  alone,  this  should  not  be  long 
retained;  but  when  rupture  of  bgaments  has  been  diagnosed  by  the 
presence  of  abnormal  mobility  in  any  direction,  it  may  need  to  be  con- 
tinued three  or  more  weeks.  The  splint  is  best  made  of  Bavarian  flannel, 
so  as  to  allow  of  its  being  tightened  up  or  removed  as  swelling 
decreases  or  massage  is  thought  desirable.  In  the  case  of  the  great 
weight-bearing  joints,  such  as  the  knee,  a  leather  support  with  lateral 
hinges,  so  as  to  allow  of  flexion  and  extension  of  the  joint,  and  yet 
fully  control  any  lateral  movement,  is  often  useful  when  the  plaster  is 
removed.     It  may  be  worn  several  months  with  advantage. 

Massage  should  be  begun  early,  in  order  to  avoid,  as  lar  as  possible, 
weakness  of  the  muscles,  and  to  ensure  security  to  the  position  of  the 
joint  by  the  retention  of  a  proper  tone  in  them.  As  in  contusions,  the 
rubbing  should  be  applied  to  the  muscles  while  the  joint  itself  is  too 
tender  to  bear  direct  manipulation ;  and,  in  fact,  it  is  to  the  muscles 
rather  than  to  the  joint  itself  that  this  treatment  is  the  more  useful. 
In  some  cases,  particularly  the  ankle  and  wrist,  effusion  into  the 
tendon-sheaths  around  the  articulation  may  be  a  more  prominent 
feature  than  the  joint-effusion  itself  The  same  treatment  in  the  main 
should  be  adopted,  bearing  in  mind  the  necessity  of  earlier  movement 
in  the  case  of  the  tendon-sheaths,  and  the  special  efficacy  of  frictional 
treatment.  Heyond  mas.sage,  properly  limited  and  graduated  exercises, 
so  arranged  that  the  supporting  tendons  are  braced,  while  tlie  damaged 
part  of  the  joint-capsule  is  not  stretched,  are  of  great  value. 

A  word  of  warning  should  be  added  here  as  to  the  treatment  of 
these  injuries  when  they  occur  in  gouty  subjects.  Very  considerable 
inflammatory  signs  are  often  developed,  so  as  to  arouse  the  suspicion 
of  suppuration.     Such  cases  should  be  treated  with  the  utmost  caution, 
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and  on  no  account  should  an  incision  be  made  without  absolute  con- 
viction of  its  necessity,  since  such  a  procedure  often  gives  rise  to  wide- 
spread cellulitis  and  prolonged  suppuration. 

Wounds  of  Joints. — These  may  be  punctured,  incised,  contused, 
or  lacerated;  and  their  relative  gravity  depends  on  the  possession  of 
one  or  other  of  these  characteristics,  and  on  the  nature  of  the  instru- 
ment by  which  they  have  been  produced. 

Signs  of  Wound  of  a  Joint. — When  a  wound  i.s  of  the  punctured 
variety,  small,  very  oblique,  or  complicated  by  extensive  laceration  of 
the  skin,  situated  at  some  little  distance  from  the  joint  itself,  some  dif- 
ficulty may  arise  in  determining  whether  the  articulation  has  been 
opened  or  not.  The  pathognomonic  sign  is  the  escape  of  synovial 
fluid.  This  is  usually  sufficient  proof,  but  it  is  by  no  means  always 
present ;  and  beyond  this  we  have  to  bear  in  mind  the  possible  escape 
of  small  quantitie.s  of  similar  fluid  from  bursa;  or  ten  don -.sheaths  in  the 
immediate  vicinity.  Giving  full  importance  to  this  sign,  therefore, 
when  it  exists,  we  have  often  to  decide  in  its  absence,  and  then  depend 
mainly  on  the  history  of  the  case,  careful  examination  of  the  wound, 
the  position  of  the  opening,  and  on  the  occurrence  of  rapid  effusion 
of  either  synovia  or  blood  into  the  joint-cavity. 

Suppuration  of  a  Joint. — The  occurrence  of  synovitis  in  a  varying 
degree  is  to  be  expected  in  most  cases,  and  the  injury  begins  to  acquire 
special  importance  only  when  further  changes  lead  us  to  suspect  the 
advent  of  suppuration.  The  mode  of  onset  of  this  may  varj-  consider- 
ably. In  the  most  acute  cases  the  temperature  at  once  rises  to  io2°  F. 
or  more,  often  with  the  concurrence  of  a  rigor,  and  always  with  a 
decided  increase  in  the  amount  of  pain  experienced.  Meanwhile  the 
pulse  steadily  gains  in  frequency  and  acquires  a  bounding  character. 
SwcUingof  the  joint  becomes  more  marked,  the  tension  often  becoming 
extreme;  redness  and  edema  of  the  surface  appear.  The  pain  is  acute, 
constant,  and  accompanied  by  exacerbations  due  to  the  relaxation  of 
the  spasmodically  contracted  muscles,  which  latter  give  rise  to  sudden 
starts  that  destroy  any  chance  of  the  patient's  obtaining  proper  sleep. 

If  unrelieved,  the  process  extends,  infection  travelling  by  the  original 
route  of  the  wound  into  the  areolar  planes  in  the  neighborhood  of  the 
joint,  and  into  any  bursal  e.xtensions  which  may  exist.  The  extension 
may  be  so  widespread  as  to  involve  the  whole  limb,  if  the  patient's 
strength  holds  out  long  enough;  but,  on  the  other  hand,  it  may  be 
checked  by  timely  incision  of  the  joint  and  the  affected  area  of  the 
limb.  Together  with  the  extra-articular  changes,  continuous  destruc- 
tion proceeds  within  the  joint  itself,  the  synovial  membrane  becomes 
transformed  into  a  mass  of  granulation-tissue,  or  sloughs;  the  carti- 
lages become  eroded  and  separated,  and  the  bones  denuded  of  their 
periosteum.  These  local  processes  are  accompanied  by  a  continuance 
of  the  general  symptoms  already  detailed  ;  the  temperature  may  ri.se  to 
104°  or  105°  F.,  and  profuse  perspiration  occurs  at  night.  The  pulse 
gains  in  rapidity  and  loses  in  strength,  the  appetite  is  lost,  the  tongue 
becomes  drj',  furred,  and  brown,  and  pain  and  the  drain  due  to  the 
suppuration  rapidly  produce  exhaustion.  Again,  a  fatal  termination 
may  be  hastened  by  the  supervention  of  septicemia  or  pyemia. 

In  other  cases,  the  process  is  by  no  means  so  acute  in  its  onset  or 
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subsequent  progress.  The  first  signs  of  trouble  are  a  slighter  rise  of 
temjjerature,  acceleration  of  the  pulse,  and  a  less  amount  of  swelling 
and  pain.  If  an  opening  exists  by  which  .synovial  fluid  escapes,  this 
will  be  first  noticed  to  contain  flakes  of  lymph,  and  laler  become  puru- 
lent ;  or  similar  characters  will  be  noted  in  synovia  drawn  ofl"  with  the 
aspirator.  If  uninterfered  with  by  treatment,  the  further  changes  may 
resemble  those  already  detailed,  the  various  stages  being  only  more 
slowly  developed. 

Results  of  Wounds  of  Joints — The  immediate  results  of  wounds 
of  joints  have  been  considered  in  the  preceding  paragraphs,  it  only 
remains  to  say  a  word  concerning  the  more  remote.  First,  should  a 
large  joint  suppurate,  the  serious  attendant  illness  must  set  a  material 
mark  on  the  constitution  of  the  (wtient;  secondly,  even  the  slighter 
forms  of  inflammation  may  be  followed  by  troublesome  stiffness  of  a 
more  or  less  permanent  nature,  and  in  the  severer  forms  this  may 
amount  to  complete  ankylosis,  either  of  the  fibrous  or  the  bony  variety. 
Again,  the  termination  of  the  period  of  acute  suppuration  maybe  only 
the  commencement  of  a  chronic  arthritis  of  indefinite  duration. 

Treatment  of  Wounds  of  Joints. — When  the  wound  is  small,  the 
first  point  for  decision  is  whether  the  joint  should  be  opened  up  and 
thoroughly  disinfected.  In  deciding  this  question,  we  are  mainly  influ- 
enced by  the  nature  of  the  instrument  that  produced  the  injury.  If 
this  was  small  and,  as  far  as  we  can  judge,  clean,  the  best  course  is  to 
seal  the  wound,  place  the  limb  upon  a  splint,  and  await  events.  If  the 
wound  is  larger,  it  is  better  at  once  to  take  steps  to  render  both  the 
wound  and  the  joint  itself  as  aseptic  as  may  be  in  our  power.  The 
next  question  is  that  of  drainage.  If  this  be  decided  upon,  the  tube 
should  be  inserted  at  the  most  dependent  part  of  the  articulation.  In 
many  cases  it  is  preferable  to  close  the  joint,  apply  pressure,  and,  in 
the  event  of  free  effusion,  to  insert  a  director,  and  thus  evacuate  the 
fluid  and  relieve  tension,  this  procedure  being  repeated  as  often  as  may 
prove  necessary.  In  any  case,  if  a  tube  is  inserted,  it  should  be  dis- 
pensed with  as  soon  as  possible. 

The  wound  once  healed,  the  further  treatment  of  the  case  is  that  of 
a  simple  one  of  traumatic  synovitis.  If  we  should  fail  in  our  first 
effort  to  asepticize  the  joint,  and  suppuration  should  follow,  the  articu- 
lation must  be  incised  and  thoroughly  drained.  The  sooner  this  is 
undertaken,  the  better  chance  there  is  of  preventing  widespread  infec- 
tion of  the  surrounding  tissues  and  the  development  of  hopeless 
destructive  changes  in  the  joint.  This  most  important  step  having 
been  taken,  the  next  question  is  the  best  mode  of  dressing  the  wounds. 
Three  forms  of  treatment  are  open  to  us:  i.  To  dress  frequently,  so 
as  to  remove  all  discharge  at  the  earliest  moment  possible ;  2.  To  set 
up  a  constant  irrigation-apparatus ;  3.  To  place  the  patient  or  the  limb 
in  an  antiseptic  bath.  The  main  objection  to  the  first  plan  is  the 
exhaustion  often  caused  to  the  patient  by  the  process  of  dressing; 

crtheless,  this  is  sometimes  necessary,  and  if  the  joint  drains  freely 
the  discharge  is  not  very  abundant,  it  is  often  the  best  plan.  Con- 
stant irrigation  often  gives  excellent  results ;  but  this  also  is  exhausting 
to  the  patient,  especially  if  a  large  joint  is  affected.  If  chosen,  it 
should  be  arranged  with  a  tank  of  antiseptic  fluid  kept  at  a  uniform 
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temperature  of  lOo*'  F..  the  fluid  being  conveyed  across  the  joint  by 

properly  arranged  tubes.  The  process  may  then  be  continued  for  sev- 
eral days  with  intermissions.  Hoth  it  and  the  next  method  are  particu- 
larly indicated  where  there  are  abundant  suppuration  and  sloughing. , 
The  constant  bath  is  most  useful  in  the  case  of  the  small  joints  of  the 
extremities,  or  in  children,  whose  entire  bodies  may  be  immersed,  the 
temperature  of  the  fluid  being  carefully  regulated.  Kxcellent  results 
are  to  be  obtained  in  suppurating  knee-joinls  in  children  by  this  method, 
the  limb  being  placed  on  a  back  splint  in  the  bath.  The  best  fluids  to 
employ  are  tliose  of  a  non-poisonous  character,  such  as  boric-acid 
lotion,  or  creolin  i  :  300  or  400,  especially  the  latter.  If  perchlorid 
lotion  is  employed,  it  must  not  be  stronger  than  I  :  5000,  and  great 
care  must  be  taken  to  watch  the  patit-nt  narrowly.  Neither  irrigation 
nor  bath-treatment  should  be  continued  if  the  limb  becomes  sodden. 

During  the  carrying  out  of  these  local  methods,  the  patient  should 
be  kept  up  by  the  free  adniinistralion  of  fluid  nourishment,  combined 
with  a  sufficient  supply  of  stimulant ;  quinin  may  be  administered  inter- 
nally. If  the  organism  causing  suppuration  should  be  proved  to  be  a 
streptococcus,  the  question  of  the  employment  of  antistreptococcic 
serum  must  also  be  considered,  especially  if  the  constitutional  sym))toms 
are  severe.  Should  our  efforts  to  check  the  mischief  fail  and  the 
patient  shows  signs  of  sinking,  amputation  may  be  necessary. 

DISLOCATION  OF  JOINTS. 

This  term  is  applied  to  the  condition  in  which  one  or  other  of  the 
bones  entering  into  the  formation  of  an  articulation  is  permanently  dis- 
placed. The  dislocation  takes  its  name  from  the  distal  of  the  two 
bones;  thus,  a  dislocation  of  the  shoulder-joint  is  understood  to  mean 
a  displacement  of  the  humerus. 

Dislocations  are  most  conveniently  classed  according  to  their  causes, 
and  by  this  method  the  following  four  varieties  may  be  distinguished: 
I,  Traumatic;   2.  Congenital;   3.  Spontaneous;  4.  Pathological. 

Beyond  this,  dislocations  are  sometimes  spoken  of  as  complete  and 
incomplete. 

The  comparative  frequency  of  dislocation  of  the  individual  joints 
dilTers  greatly,  the  variation  dei>cnding  mostly  on  the  anatomical  dispo- 
sition of  the  joint,  the  age,  .sex.  and  occupation  of  the  patient.  The 
statistics  given  on  page  595,  compiled  from  the  records  of  St.  Thomass 
Hospital,  London,  ofter  a  verj'  fair  \new  of  the  influence  of  these  factors, 
since  great  care  has  been  taken  to  include  all  dislocations  of  the  upper 
extremity  treated  at  the  hospital. 

Cansation. — As  indicated  in  the  classification  of  dislocations  given 
in  the  table  (page  595),  the  displacement  may  be  the  result:  I.  Of 
external  violation  ;  II.  Of  muscular  action  ;  III.  Of  pathological  changes 
in  the  ligaments;  or  IV.  Of  a  congenital  deficiency  in  the  development 
of  the  joint. 

External  Violence. — This  may  be  direct  in  its  nature,  when  the 
articular  end  of  the  bone  is  driven  against  a  limited  portion  of  the 
capsule,  which  gives  way  at  that  spot  and  allows  the  escape  of  the 
bone  in  a  corresponding  direction.     The  further  course  may  be  influ- 
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enced  by  the  continued  exertion  of  the  violence,  the  force  of  gravity, 

the  normal  elasticity  of  the  muscles  and  other  structures  surrounding 
the  articulation,  and  the  amount  of  injury  to  surrounding  parts  ;  but 
in  all  cases  its  final  direction  and  extent  are  determined  by  the  portion 
of  the  capsule  which  remains  intact.  Direct  violence  is  responsible  for 
a  considerable  proportion  of  the  less  common  dislocations,  such  as 
those  of  the  humerus  backward,  or  of  the  tibia  from  the  femur. 

Table  0/812  dislocalions  treated  at  St.  Thomas's  Hospital  in  eight  years. 
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The  whole  lablc  comprint  8iJ  dislocation 5,  of  which  756.  ot  93.1  per  cenl.,  occurml  in 
ihe  upper  ciu^mily,  22,  or  2.7  pet  cenl.,  in  ihe  towct  exiremify,  and  34,  or  4.18  per  ccdI., 
were  of  Ibe  lower  jiw.     Dislocations  of  the  spine  are  not  incluiled. 

fndirect  znoUnce  is  a  much  more  fruitful  source  of  dislocation,  the 
force  being  applied  at  some  distance  from  the  affected  joint,  and  the 
leverage  exerted  corresponding  either  with  the  length  of  the  bone  or 
often  of  the  whole  limb.  A  very  great  majority  of  the  more  common 
dislocations  of  the  type-forms  are  produced  in  this  manner,  certain 
definite  portions  of  the  capsule  being  especially  liable  to  rupture  in 
the  different  Joints,  and  the  permanent  position  of  the  displaced  bone 
depending  on  the  same  factors  that  have  already  been  enumerated  in 
speaking  of  dislocations  from  direct  violence.  Such  dislocations  are 
naturally  less  liable  to  be  accompanied  by  severe  local  injury  to  the 
soft  parts.  Indirect  violence  in  almost  all  cases  carries  a  natural 
physiological  movement  beyond  its  normal  limit;  and  it  may  be  noted 
that  of  all  movements,  that  of  forced  abduction  is  the  most  generally 
dangerous. 

Muscular  Action — What  has  been  said  of  dislocation  by  indirect 
violence  holds  almost  equally  well  for  the  explanation  of  dislocation 
by  the  forcible  contraction  of  the  muscles.  The  only  distinction  is 
that  the  range  of  leverage  which  can  be  exerted  is  not  so  great. 
Thus,  many  such  dislocations,  notably  that  of  the  mandible,  really 
depend  on  a  very  slight  exaggeration  of  the  normal  physiological 
movement  of  the  joint.  Such  dislocations  are  not  uncommon  in  con- 
vulsions from  epilepsy  or  other  causes,  or  may  be  the  result  of  forci- 
ble use  of  a  limb,  as  in  striking  out  the  fist,  or  in  lifting  heavier  weights 
than  the  individual's  strength  warrants. 
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The  occurrence  of  certain  conditions  generally  favoring  dis- 
locations must  be  here  briefly  considered. 

Anatomical   Peculiarities  and   Exposed  Position  of  the  Joint. — 

These  will  be  dealt  with  under  tlie  headin^f  of  the  Special  Joints.  It 
suffices  here  to  point  to  the  dislocations  of  the  shoulder-joint  as  llie 
most  striking  exemplification  of  these  influences. 

Age. — Taken  as  a  whole,  it  is  no  doubt  correct  to  say  that  the  pre- 
disposition to  dislocation  increases  steadily  from  the  first  decennium 
upward,  and  in  the  table  on  page  595  this  point  is  practically  borne 
out. 

The  conipntalive  infrequency  in  cliildrcn  is  lo  be  enplaincd  by  (he  fact  tliat  (he  BHath- 
ment  uf  the  joinl-cap^ule  i&  of  a  slrungtr  nature  tU.in  Ihc  eoiiiicctioix  between  Ibf  epipbysU 
and  diaphy^i^ :  hcnec,  ex|ierieiicc  has  f^hown  thai  the  Irnumatii;  separation  u\  Ihe  laUei  in 
pan  takes  the  place  of  dislocation.  Again,  the  slighter  Iwdv-wcighl,  greater  elsMJcitv, 
oitTiparnlive  weakness  of  the  shafts  of  llie  l)i>i]tj,  and  freetlum  from  laborious  occupation  in 
chiMh<>oil  arc  all  unfavorable  to  the  occuirtnec  of  diiloifltion. 

The  increiisc  in  ^tren^jth  and  aplilude  in  the  mui^les  con^ioniitanl  with  the  years  of  piost 
active  existence  lowers  the  danger  in  ailull  life,  while  with  the  approach  of  old  age  the 
gnitiiial  atrophy  of  the  bones  and  ligaments  and  the  loss  of  dnsiicily  of  Ihe  muscles  lower 
both  Ihe  capacity  to  uilhstunil  violence  frum  without  and  the  capabihiy  of  avoiding  it.  As 
has  been  pointed  out  by  Kronlein,  Ihe  relative  fre(|ueney  in  old  age  is  far  greater  than  the 
actual,  if  ihe  niiiiibet  of  dislocations  is  compared  Willi  thai  of  perwns  of  hftv  vears  of  age 
and  upward,  since  the  latter  is  naturally  small  compared  with  ihe  number  umlet  (hat  limit. 

Sex. — As  in  the  case  of  most  traumata,  the  male  sex  is  far  the  more 
liable  to  these  accidents,  on  account  of  the  more  active  nature  of  the 
occupation  pursued.  In  the  St.  Thomas's  table  of  812  dislocations, 
594,  or  73.1  per  cent.,  occurred  in  men;  218,  or  26.6  per  cent.,  in 
women. 

Occupation  and  Degree  of  Muscular  Education  and  Development. 
— The  occupation  of  the  individual  necessarily  exorcises  a  most  impor- 
tant influence  on  the  liability  to  dislocation. 

Manv  callings,  from  their  intrinsic  nnlure,  cx(x)SC  the  individual  to  chances  of  exlemal 
violence  quite  outside  (he  experiences  of  ordinary  life.  Bui  again.%t  (his  we  have  to  put  the 
fact  that  persons  whose  work  needs  great  muscular  etfoil  are  usually  well  devclo|ied  and 
able  to  bear  safely  strains  which  would  be  of  great  danger  to  the  ordinary  individual. 
Again,  it  is  not  oniv  a  ijuestion  of  mere  strength,  but  al«i  of  whal  may  be  called  education. 
ll  has  been  remarked  by  Sir  Aslley  Cooper  Ihal,  given  a  contracted  state  of  Ihe  muscles,  a 
dislocation  is  an  impossibility  ;  and  there  exists  no  doubt  Ihal  those  whose  calling  depends 
mostly  on  the  use  of  the  muscles  possess  a  capacity  lo  withstand  strain  far  above  that  pos- 
sessed by  those  whose  occupation  is  of  a  lighter  or  more  sedciilaiy  nature. 

Lastly,  the  occurrence  of  dislocation  in  some  individuals  may  be 
facilitated  by  the  existence  of  an  abnormal  laxity  of  the  ligaments 
and  soft  .structures,  or  deficiency  in  the  conformation  of  the  bone- 
extremities. 

Cases  are  seen  in  which  a  joint  may  be  dislocated  in  varying  degrees,  and  this  aptitude 
may  be  cultivated  even  by  particularly  powerful  subjecis,  tile  tiganienls  elongBting  as  the 
lesull  of  graduated  strain. 

Pathology. — The  all-important  feature  in  dislocation  lies  in  the 
injury  to  the  capsule.  The  position  of  the  rent  determines  in  great 
measure  the  direction  taken  by  the  displaced  bone,  while  upon  its 
extent  depends  the  distance  to  which  the  bone  may  travel,  the  intact 
portion  of  the  capsule  being  the  main  check  to  the  jiassage  of  the 
bone  into  other  than  typical  positions.  Again,  a  small  rent  in  the 
capsule  may  be  the  chief  obstacle  to  reduction  in  difficult  cases,  while 
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very  free  laceration  may  result  in  difficulty  in  maintaining  the  replaced 
bone  in  position.  The  direction  of  the  rent  maybe  oblique  in  the  axis 
of  the  joint,  or  it  may  be  transverse  to  this  axis.  In  the  latter  case,  it 
usually  hes  near  to  the  surface  of  the  bone  which  forms  the  cavity ;  in 
the  former  case,  it  often  occurs  at  a  definitely  weak  portion  of  the 
capsule,  such  as  the  under  and  inner  portions  of  the  ligament  in  the 
hip-  and  shoulder-joinls. 

Certain  portions  of  the  capsules  are  very  rarely  torn.  These 
usually  correspond  to  definite  strengthening  bands,  such  as  the  ilio- 
femoral o(  the  hip  or  the  coracohumeral  of  the  shoulder.  The  escape 
of  these  bands  from  injury,  of  course,  depends  chiefly  on  thdr  intrinsic 
strength,  and  its  importance  cannot  be  overestimated,  since  upon  their 
limiting  influence  depends  the  position  taken  up  by  the  displ.iced  bone, 
a  point  amply  proven  by  the  experience  gained  in  producing  the  various 
dislocations  experimentally  on  the  dead  body.  When  the  capsule  is 
completely  rent,  one  of  the  so-called  atypical  positions  is  the  result. 
While  removing  from  the  muscles  the  function  of  determining  the 
position  taken  up  by  the  displaced  bone,  we  must  none  the  less  bear 
in  mind  that  the  rigid  contraction  which  Cakes  place  lo  maintain  the 
parts  at  rest  and  relieve  pressure-pain  forms  one  of  the  main  obstacles 
to  reduction. 

Beyond  the  injury  to  the  joint-capsule,  varying  degrees  of  laceration 
may  occur  in  the  several  soft  structures  surrounding  the  articulation,  or 
even  fracture  of  the  bones  themselves.  The  more  common  forms  of 
injury  to  the  soft  parts  consist  in  more  or  less  contusion  and  ecchy- 
mosis  of  the  skin,  this  being  the  more  marked  when  the  injury  is  due 
lo  direct  violence;  in  contusion  and  laceration  of  the  subcutaneous  and 
deeper  planes  of  connective  tissue;  in  contusion  and  laceration  of  the 
muscles,  and  rupture  or  separation  of  tendons  from  their  attachments. 
Less  commonly,  dislocation  may  be  complicated  by  pressure,  contusion, 
or  rupture  of  the  main  artery  or  vein  of  the  limb  or  one  of  their  large 
branches.  The  accidents,  with  their  attendant  risks,  will  be  again 
referred  to  under  the  heading  of  tho.se  special  dislocations  in  which 
they  are  most  commonly  met  with.  They  may  be  followed  by  gan- 
grene of  the  limb,  death  from  internal  hemorrhage,  the  development 
of  traumatic  aneur^'sm,  or  thrombosis. 

Injuries  to  nerves  are  comparatively  rare.  They  may  be  followed  by 
more  or  less  permanent  paralysis,  according  to  whether  the  nerve  has 
been  contused,  suffers  permanent  pressure,  is  stretched,  or  has  been 
completely  ruptured.  Again,  primary  injury  of  the  nene  may  be  fol- 
lowed by  the  development  of  secondary  neuritis,  producing  similar 
symptoms. 

The  commonest  form  of  injury  to  the  bones  is  the  so-called  "fract- 
ure par  arrachcment  "  of  Maisonneuve.  In  this  the  portion  of  bone  to 
which  a  ligament  is  attiched  is  separated,  or  one  or  more  of  the  bony 
prominences  in  connection  with  the  joint  is  torn  off"  by  the  tendon 
inserted  into  it.  A  less  common  form  is  that  in  which  a  portion  of  the 
margin  of  an  articular  cavity  is  broken  off  or  the  Hoor  of  the  cavity 
perforated.  Beyond  these  intrinsic  injuries,  a  distant  fracture  of  one  of 
the  bones  entering  into  the  articulation,  or  one  adjacent  to  it,  may  be 
caused  by  the  same  violence. 
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Lastly,  a  dislocation  of  one  of  the  bones  of  the  trunk  may  be  com- 
pHcated  by  injury  to  the  neighboring  viscera.  Thus,  the  sternal  end  of 
the  clavicle  occasionally  presses  on  the  trachea,  or  a  dislocated  vertebra 
on  the  spinal  cord. 

The  occurrence  of  a  dislocation  is  always  followed  by  the  develop- 
ment of  a  certain  degree  of  synovial  effusion,  the  synovia  being  more 
or  less  abundantly  mixed  \j\'Cl\  blood.  Such  effusion  is  usually  quickly 
absorbed,  but  it  may  occasionally  be  very  abundant — a  matter  of  some 
importance,  as  it  may  facilitate  the  recurrence  of  a  reduced  dislocation, 
if  proper  means  are  not  taken  to  keep  the  bones  in  position.  The  blood 
effused  into  the  surrounding  tissues  is  also  usually  rapidly  reabsorbed. 
It  serves  also  as  a  basis  for  the  development  of  the  cicatricial  tissue 
necessary  for  repair  of  the  capsule  and  other  damaged  structures. 
The  rent  in  the  capsule  is,  however,  closed  by  tissue  far  weaker  than 
the  normal  ligament,  more  capable  of  distention,  and  more  liable  to 
rupture  on  comparatively  shght  strain;  hence  the  importance  of  pre- 
vious dislocation  in  the  event  of  future  injuiy.  The  torn  mu.scles  and 
tendons  heal,  but  when  the  latter  have  torn  away  pieces  of  bone  «ith 
them,  tlie  repair  of  the  fracture  is  seldom  exact.  This  may  lead  to 
serious  subsequent  limitation  of  the  range  of  movement  of  the  joint. 

Signs  and  Symptoms  of  Dislocation. — These  are  most  con- 
veniently divided  into  cla.sses  :  i .  Those  visible  on  inspection  ;  2.  Those 
to  be  determined  on  palpation  and  manipulation  ;  3.  Those  dependent 
on  interference  with  function  of  the  joint  and  pressure  by  the  displaced 
bone  on  surrounding  structures. 

Inspection. — Hy  this  is  determined  the  general  position  of  the 
member,  alterations  of  contour,  the  projection  of  certain  bony  promi- 
nences and  the  absence  of  others,  and,  finally,  apparent  alterations  in 
the  length  of  the  limb,  which  may  be  substantiated  or  otherwise  by 
actual  measurement. 

Palpation. — By  this  is  ascertained  the  altered  relation  of  various 
fixed  bony  points,  and  the  recognition  of  those  which  are  unduly 
prominent ;  in  addition  to  this  is  determined  the  ab.sence  of  others  from 
their  normal  positions,  often  accompanied  by  a  feeling  of  "  hollow  ten- 
sion "  of  the  investing  soft  parts  and  the  presence  of  the  displaced  bone 
in  an  abnormal  position. 

Interference  with  Function. — This  is  determined  by  first  asking 
the  patient  to  perform  certain  movements  voluntarily,  and  then  making 
similar  ones  passively,  thus  estimating  how  far  the  normal  functions  arc 
limited,  and  in  what  directions. 

To  the  signs  above  enumerated  we  may  add  the  existence  of  pain, 
much  exaggerated  by  movement,  especially  marked  where  nerve-trunks 
are  pressed  upon,  and  sometimes  special  symptoms  due  to  the  pressure 
of  the  displaced  bone  on  the  vessels  or  neighboring  «scera.  Lastly,  it 
must  be  borne  in  mind  that  all  the  usual  signs  may  be  more  or  less 
obscured  by  swelling  due  to  contusion  and  local  injur>\ 

IHagnosis. — From  Contusion  or  Sprain. — It  suffices  here  to  say 
that  all  the  definite  .signs  of  dislocation  are  absent;  but  that,  on  the 
other  hand,  the  nature  of  the  injur>-  suffered,  the  pain,  swelling,  and 
interference  with  function  may  suggest  the  possibility  of  its  presence. 
In  such  cases  the  first  step  is  the  careful  exclusion  of  all  signs,  and  if 
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doubt  still  exists,  the  administration  of  an  anesthetic,  which  will  dear 
up  all  chance  of  error.  In  such  cases  too  much  care  cannot  be  given 
to  the  inspection  of  the  case,  the  patient  being  sufficiently  uncovered  to 
allow  a  thorough  comparison  to  be  made  with  the  corresponding  part 
on  the  other  side  of  the  body. 

From  Fracture, — As  to  the  broad  distinctions,  it  should  be  remem- 
bered that  ill  dislocation  the  normal  range  of  movements  is  limited, 
while  slight  mobility  in  abnormal  directions  may  be  present;  in  fracture, 
the  mobility  is  increased.  In  dislocation  the  deformity,  if  removed,  does 
not  relum;  in  fracture  it  does.  The  deformity  of  the  limb  in  disloca- 
tion is  not  so  evidently  the  result  of  the  action  of  gravity  as  in  fracture. 
Pain  is.  generally  speaking,  more  widely  diffused  in  dislocation,  more 
localized  in  fracture.  Beyond  this,  the  cardinal  symptom  of  fracture — 
"  crepitation  "—is  usually  absent  in  dislocation. 

From  Pathological  Conditions. — Infantile  paralysis  or  certain  myo- 
pathic conditions  may  apparently  simulate  dislocation.  As  a  general 
rule,  however  they  are  readily  to  be  discriminated  by  attention  to  tivo 
points — the  condition  of  the  muscles  which  are  atrophied  and  often 
shortened,  and  the  fact  that  the  displaced  articular  end  can  be  replaced 
with  ease,  and  when  released  returns  to  its  former  position.  From  con- 
gtmtal  dislocation,  the  discrimination  will  depend  on  the  history,  the 
deficient  development  of  the  Joint-ends  and  of  the  limb  generally.  The 
spontaneous  displacements  due  to  habitual  malposition  closely  resemble 
the  ordinary  variety,  the  history  alone  being  here  of  diagnostic  impor- 
tance. Pathological  dislocations ,  although  closely  following  the  type, 
generally  offer  little  diagnostic  trouble,  if  the  historj'  is  carefully  taken. 
The  only  real  difficulty  occurs  in  the  case  of  joints  affected  with  osleo- 
arthritis.  Patients  affected  with  this  disease  often  suffer  little  until  the 
pathological  changes  are  fairly  advanced,  in  which  case  an  injurj',  by 
aggravating  their  symptoms,  first  brings  the  joint  under  notice.  Atten- 
tion to  the  absence  of  the  typical  signs  of  dislocation,  and  the  presence 
of  other  bony  changes  than  that  which  gives  the  appearance  of  dislo- 
cation, together  with  the  condition  of  the  synovial  membrane  and 
muscles,  will  here  be  our  most  important  aids. 

When  nvnilable,  the  employment  of  Ihc  ,\'-rays  i*  an  invaluohle  diagnoslic  aid,  especially 
ID  the  ^^mnller  joints.  Witli  thev  not  only  the  portion  and  rxtent  of  dislocation  can  be 
detenniDed,  but  alto  the  presvnce  or  absence  of  coexistent  fracture.  If  a  fluorescent  screen 
is  ■!  hand,  ihii  is  by  far  the  preferable  method,  as  the  joint  can  be  examined  both  before 
and  after  Dianipulatiims  for  reduction.  Where  a  likiagmni  \h  taken,  si  leB.st  two  portions 
should  be  tried,  usually  a  lateral  and  an  anleropoHcrior  one  ;  and  fjr^X  caie  is  necessary  to 
prevent  the  occurrence  of  a  distorted  image  due  lo  a  irnnL  of  patalleliam  of  the  pinle  and 
the  limb  and  proper  horiionlal  passage  of  the  mys.  If  the«  precautions  are  not  taken,  a 
Tcry  confusing  and  unreliable  result  is  often  obtained.  If  necessary,  a  stdjsequent  skiagram 
is  readily  taken  without  the  removal  a\  the  splint  and  bandagei. 

Prognosis. — No  dislocation  in  itself,  unless  compound  or  com- 
plicated, can  be  said  to  be  dangerou.s  to  life.  The  question  of  prog- 
nosis, therefore,  mainly  concerns — first,  the  possibilitj-  of  reduction ; 
second,  the  maintenance  of  the  displaced  bone  in  position ;  and  third, 
the  persistence  of  after-cfiects. 

As  to  the  first  point,  recent  di.slocations  comparatively  rarely  prove 
impossible  of  reduction.  Occasionally,  however,  all  efforts  are  fruitless, 
and  under  these  circumstances,  failing  operative  measures,  all  that  can 
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be  done  is  to  try  and  ensure  as  free  movement  of  the  bone  as  possible 
in  its  new  position. 

Proper  precautions  rarely  fail  to  ensure  the  maintenance  of  the 
replaced  bone;  but  it  is  well  to  bear  in  mind  that  especial  care  is 
necessary  to  render  the  patient  safe  from  this  accident,  if  there  is 
reason  to  believe  that  the  capsule  has  been  extensively  lacerated,  or 
if  the  injury  is  the  cause  of  very  free  effusion  into  the  joint. 

The  firsl  nfier-effccl,  Ihe  occurrence  of  *ynoviii>i,  is  seldom  of  any  Breol  importance 
eKCc'pt  as  taking  'Ws  pari  in  ihc  pr^tduclion  of  the  commonest  of  all  1ri>uhlc5,  a  greater  or  lea^ 
degree  of  sliUni'Sii.  due  lo  the  forraalion  of  synuvial  ndbesions,  and  the  contraction  of  the 
cicatricial  tissue  formed  in  the  pToce^s  of  healing  of  the  original  injury-  These  troubles, 
however,  in  the  ahsence  of  unusually  severe  pnmary  damage,  are  generally  la  be  obviated 
by  the  sufficiently  early  employment  of  passive  niusements.  combined  with  massage.  Stiff- 
ness and  loss  of  function  are  necessarilv  much  more  frequent  and  troublesome  to  deal  with 
if  the  dislocation  is  complicated  with  on  hysltriial  t<ini]ieranicnt  or  aewal  injury  to  Uie  nerve- 
Iruuks. 

The  mo»I  serious  nfler-effcct  is  the  acquisitiim  of  a  tendency  to  recurrence.  The  com- 
mnne^l  cause  uf  this  is  the  stretching  of  the  cicatricial  tissue  q'hich  closes  the  capsular  rent, 
and  as  evidence  of  thi.s,  it  has  been  generally  found,  when  ojiporlunity  has  arisen,  either  in 
the  course  of  an  operation  or  pisl-nioricm  oaminatii.n,  that  the  capsule  is  considerably 
wider  and  more  roomy  than  normal.  Unfortunately,  this  is  an  inevitable  result  in  Ihe  case 
of  many  working  men,  bu!  none  the  less  il  should  inijircss  (he  importance  of  careful  regula- 
ti<»n  of  the  amouiu  of  work  that  is  undertaken  by  the  patient  during  the  6rst  few  months 
after  the  original  injury.  In  other  cases  recurrence  i!e|iends  on  causes  over  which  we  have 
little  or  no  control,  and  among  these  may  be  cspcciallv  nienlioncd  vcrv  extensive  or  complete 
ruptures  of  the  capsule,  and  the  failure  of  fragments  of  bone  to  unite  when  they  are  torn  off 
by  the  tendons  in  the  so  called  '■  fractures  par  arrachemcnt." 

The  question  of  compound  and  old  dislocations  will  be  considered 
at  the  end  of  this  chapter. 

Treatment. — The  treatment  of  dislocation  necessarily  consists  in 
its  reduction.  For  the  attainment  of  this  end,  several  methods  are 
open  to  us.  The  mo.st  important  of  all  rules  for  the  treatment  of  these 
injuries  is  that  a  dislocation  of  any  bone  should  be  returned  by  the 
method  that  necessitates  the  least  possible  force,  and  hence  the  least 
possible  chance  of  further  lacerating  the  already  damaged  structures. 

The  method  always  to  be  tried  first,  therefore,  is  the  gentle  correc- 
tion of  the  false  position  assumed  by  the  displaced  bone,  combined  with 
slight  traction  in  its  axis,  and  possibly  movements  of  internal  or  exter- 
nal rotation.  Failing  this  method,  we  have  manipulation -maneuvers 
and  extension  to  fall  back  upon.  Of  these,  manipulation  is  the  more 
scientific,  since,  especially  in  the  case  of  the  hip-  and  shoulder-joints, 
the  methods  are  founded  on  an  accurate  knowledge  of  the  injurj'  proba- 
bly existing  and  of  the  structures  which  remain  intact.  The  theorj'  of 
the  manipulation-methods  is — first,  to  lift  the  displaced  articular  extrem- 
ity from  its  false  position  by  employing  an  intact  part  of  the  capsule  as 
a  fulcrum  ;  second,  by  rotatory  movements  to  ensure  the  gaping  of  the 
rent  in  the  capsule ;  third,  to  bring  the  articular  end  opposite  the  rent ; 
and  la.stly,  by  a  reversal  of  the  movement,  to  effect  the  entrance  of  the 
displaced  bone  into  its  proper  position.  In  the  whole  maneuver  the 
shaft  of  the  displaced  bone  is  used  as  a  lever,  and  the  power  of  this 
will   necessarily  vary  with  the  length  of  tlie  bone  in  question. 

The  extension- methods  consist  in  a  preliminarj-  fixation  of  the  trunk 
or  proximal  element  of  the  joint,  followed  by  traction  made  in  the  axis 
of  the  displaced  bone,  the  latter  also  being  usually  utilized  as  a  lever, 
the  fulcrum  for  which  is  furnished  by  a  ligament  or  bony  prominence. 
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or  is  artificially  pro\-ided.  A  sufficient  degree  of  counterextension  is 
obviously  necessarj'.  The  traction  may  be  manual  or,  if  necessary, 
exerted  by  pulleys.  All  these  methods  will  be  more  fully  dealt  with 
under  the  heading  of  the  Special  Joints. 

The  after- treatment  consists  in  rest  for  a  variable  period,  followed 
by  massage  and  exercises.  The  rest  may  be  obtained  by  splints,  band- 
ages, or  the  arrangement  of  permanent  extension -apparatus  in  cases 
where  splints  prove  inefficient. 

51gns  of  Reduction. — The  effectual  reduction  of  a  dislocation  is 
usually  indicated  by  something  in  the  way  of  a  snap,  accompanied  by 
a  sensation  of  grating  felt  by  the  surgeon  as  the  bones  resume  their 
normal  relation.  Beyond  this  the  injured  part  should  more  or  less 
resume  its  proper  outhne,  corresponding  to  that  of  the  other  side  of  the 
body,  the  possibility  of  performing  passive  movements  should  be  per- 
fect, and,  most  important  of  all,  the  relation  of  the  bony  points  in  the 
neijijhborhofjd  should  not  deviate  from  the  normal. 

Obstacles  to  Reduction. — Although  responsible  in  a  minor  degree 
only  for  the  position  assumed  by  the  displaced  bone,  yet  the  muscles, 
by  their  contraction,  often  offer  a  decided  obstacle  to  reduction.  This 
is  to  be  removed  at  once  by  the  use  of  an  anesthetic,  and  needs  no 
further  mention. 

A  more  formidable  obstacle,  however,  may  exist  in  the  disposition 
of  the  rent  in  the  capsule.  This  may  be  unusually  small  and  run  in  an 
atypical  direction,  or,  on  the  other  hand,  it  may  be  so  extensively  lacer- 
ated as  to  remove  our  main  aid  in  reduction  by  manipulation — viz.,  the 
intact  portion  which  is  employed  to  act  as  a  fulcrum.  Beyond  this, 
portions  of  the  capsule  may  take  up  a  position  across  the  joint-cavity; 
a  similar  position  may  be  taken  by  a  neighboring  muscle  or  tendon,  or 
a  bony  fragment. 

A  small  rent  may  be  enlarged  by  cautious  manipulation,  and  a  rent 
in  an  unusual  position  may  be  found  by  varying  our  method  of  manipu- 
lation. When  wide  destruction  of  the  capsule  is  the  difficulty,  exten- 
sion will  probably  be  the  best  method  to  try;  and  we  must  remember 
here  that  if  successful,  care  must  be  exercised  to  maintain  the  bones  in 
their  proper  position  when  reduced.  The  interposition  of  torn  struct- 
ures is  hardly  to  be  met  by  any  general  rule;  we  can  only  bear  in 
mind  the  many  variations  in  procedure  open  to  us.  and  make  use  of 
them  successively.  Operati\'e  methods  may  become  necessary  if  the 
dislocation  cannot  be  reduced,  or,  in  some  joints,  when  reduction  can- 
not be  maintained. 

Occaaionallr.  ^ubcutnneous  division  of  obMrucling  bands  will  suffice;  more  often  an 
open  incision  \i  necFS.'Uirv,  nnd  in  a  nnal]  proporlion  of  cases  excision,  eiUier  fkartial  or 
complete,  has  lo  be  resorted  to.  Krvurrciil  dislocation  mny  be  treated  by  lempuiaiy  sutur« 
of  the  opposing  joinl-surfncpi.  Tliew  mcthiids  will  be  more  ponicular!)'  tcferred  lo  under 
the  special  joinltt ;  but  it  mnr  be  broadlv  staled  that  in  ccrtnin  joints  opcralit'e  meusurcft 
will  n"!  improve  the  result  to  be  obliineil  by  cDieful  after  treatment,  and  that  in  nil  ■  careful 
con^iilomt^on  of  the  local  conditions,  as  well  as  of  (he  age,  occu|ution.  and  general  condi- 
tion of  the  patient,  must  |>r<'i.ede  a  determination  to  resort  lo  ihcro, 

1  Ine  other  difficulty  should  here  find  metitiun — the  simultaneous  fmcture  of  the  dislocated 
bone  in  the  immediate  region  of  the  joint.  This  occurrence,  though  fortunately  far  from 
ronmian.  affords  one  of  the  most  diflicull  problems  tu  iurgery.  Srvcml  alternatives  aie 
open  fi  us.  We  mav  put  up  the  fracture  aiKl  wait  for  its  consolidation  before  attempting 
duclion,  Thiv  as  necessitating  a  rielay  of  some  weeks,  is  mcKit  unsitisfactory,  lince  we 
:  either  wail  until  the  chance  of  reducing  the  dislocation  i»  problematic,  or  risk   the 
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chiiiire  of  re-fracturc  without  succeeding  in  reinsLniiiig  the  bone  ill  the  joint.  The  immedi. 
ate  application  of  spUiils  ond  atlcmpl^  at  icduelion  have  rarely  been  succeisful,  unless  the 
fracture  n  at  some  diatancc  from  the  joint,  I  jsilv.  we  have  the  open  method  of  replacing 
the  bone  by  inci!>ion  of  the  joint  and  atmultjineous  wiring  of  the  fracluied  end%.  Given  a 
sufficiently  ynung  and  healthy  subject  with  good  surroundings,  there  is  little  doubt  that  the 
Inst  in  Ilie  best  method  ;  but,  if  undertaken,  il  should  be  remembered  that  the  operation  it 
often  one  of  eilietne  difliculty.  ami  necessitates  the  most  scrupulous  care  if  it  is  not  to  lead 
Id  disaster. 

Compoand  Dislocation. — This  accident  is  foiiimately  a  rare  one, 
and  still  more  so  if  uncomplicated  by  fracture.  It  is  most  common  in 
the  small  joints  of  the  hands  and  foot  and  in  the  elbow. 

As  is  the  case  with  compounij  fracture,  the  nature  of  the  Injurj- 
varies  with  that  of  the  violence  exerted,  displacement  produced  by 
direct  violence  being  usually  accompanied  by  the  more  severe  local 
injurj'.  Dislocation  is,  however,  the  more  serious,  as  in  addition  to  a 
contused  wound  we  have  a  synovial  cavity  laid  open,  often  at  the  least 
favorable  asjject  for  the  establishment  of  efficient  drainage.  As  in  fract- 
ure, a  conservative  line  of  treatment  is  to  be  adopted,  bearing  in  mind 
the  increased  severity  of  the  case  and  the  smaller  likelihood  of  avoiding 
suppuration.  While  a  purely  conservative  line  of  treatment  is  best, 
excision  or  partial  excision  is  in  many  cases  indicated  as  promising 
the  best  chance  of  obtaining  a  satisfactory  result. 

Old  IHslocations. — A  certain  number  of  dislocations  remain 
unreduced.    This  failure  to  secure  reduction  may  depend  on  omission  to 


Fig.  995, — Old  dislocation  of  humerus;  txmy  change  (St.  Thomas's  Museum.  I^ndon). 


recognize  the  nature  of  the  accident  on  the  part  of  the  medical  attend- 
ant, on  neglect  of  the  injury  on  the  part  of  the  patient,  or,  more  rarely, 
on  some  of  the  obstacles  to  reduction  (already  enumerated)  proving 
insurmountable.  If  for  any  of  these  reasons  the  bone  remains  in  its 
new  position,  certain  pathological  consequences  result,  with  the  effect 
of  compensating  to  a  certain  extent  for  the  interference  with  function 
attendant  on  the  injury.     In  the  first  place,  the  soft  tissues  around  the 
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articulation  become  consolidated  by  the  cicatrization  of  the  parts 
injured,  and  In  this  way  a  new  joint-capsule  is  developed.  With  the 
lapse  of  time,  this  capsule  gains  consistency,  besides  firm  attachment  to 
the  bones,  and  may  become  provided  with  an  adventitious  synovial 
lining.  Meanwhile,  certain  changes  lake  place  in  the  osseous  elements. 
The  irritation  caused  by  the  pressure  of  the  displaced  bone  leads  to  the 
development  from  the  periosteum  of  a  circumferential  ring  of  new  bone, 
which  moulds  itself  to  the  outline  of  the  articular  extremity  much  as 
the  circumferential  margins  of  the  joint-cavities  are  originally  devel- 
oped, or  as  a  new  cavity  is  seen  to  develop  in  the  pathological  disloca- 
tions of  the  hip  with  the  so-called  wandering  acetabulum. 


Fig.  >96. — Skiagraph  of  frocture-dislocalian  nf  elbow   10  illuilraie  ihc  employment  ol  Uic 
.tr-rays  to  a  limb  enveloped  by  splints  and  bandagES  (skiugiaph  by  A.  B.  Blikcker). 
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The  cnvity  may  reach  a  high  degree  of  developmcni.  Ihc  bone  acquiring  a  thieb,  tlbrous 
JnfeEtment  representing  (he  Dormal  rarliln^inous  coveiing.  [n  other  case^,  especially  in 
old  petsiini,  the  bone  becomes  smcxjlh  and  eburnaied.  as  in  joints  affected  with  chronic 
Irmuraabc  arthritic.  The  moulding  of  (he  new  cavity  i.'^  mainly  dependent  on  the  new  buny 
runnation ;  but  it  depends  in  part  aim  on  prcssuri.- -a trophy,  as  is  proved  by  (he  pics!>ure- 
changes  which  occur  in  the  displaced  bone  when  it  is  a  prominenl  articular  head,  like  the 
bumenis,  A  glance  a(  (he  tlluslr.i1inn  of  an  old  disloca(i4'»n  (Fig.  295),  eiihibiting  in  the 
uulomical  nerk  a  deep  giiHivc  con-es^xiiiiling  to  the  point  at  which  il  res(ed  agiiinsl  the 
ma^n  of  the  glenoid  cavily,  well  dcmon'itrBtcs  this  point,  even  when  the  comparatively 
cancellous  nature  of  (his  element  of  the  joint  is  allowed  for.  Gradually,  with  the  develop- 
ment  of  the  new  joint,  obiitctative  changes  proceed  in  Ihe  old  one.  ur  in  llie  parts  of  it  no 
Ictnger  functional-  The  matrix  of  the  carttlage  bec<»mes  Abrillnted,  and  gradually  blends 
with  new  librous  tissue  developed  in  part  from  old  joint- element!:,  such  as  strips  of  capaile, 
in  part  from  i  nllanunalory  new -formation,  A  con-sideralion  of  ihese  changes  demniistraics 
to  us  the  difhculty  likrlv  to  attend  the  at1emp(e<l  reduction  of  an  old  dislocation  nf  nuvlhing 
more  than  sji  weeks'  duration  \  but  at  (he  same  (ime  il  must  lie  home  in  minil  (hat  ihe 
rapidity  with  which  they  occtir  in  different  indiviitiiols  varies  greatly. 

The  diagnosis  and  prognosis  in  old  dislocations  will  be  considered 
under  the  accoimts  of  the  special  joints.  As  to  treatment,  it  is  only 
necessary  to  point  out  here  that  we  have  two  courses  open  to  us,  sup- 
posing reduction  to  be  either  impracticable  or  inexpedient— either  to 
do  our  best  by  the  employment  of  adequate  passive  movement  and 
massage  to  promote  the  formation  of  a  new  movable  joint,  or  to  have 
iccoursc  to  operative  measures. 

In  attcmpt.s  at  reduction  the  more  forcible  methods  of  extension 
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and  manipulation  have  usually  to  be  employed;  and  these  are  the 
more  likely  to  be  successful  if,  as  a  preliminary,  the  movements  have 
been  rendered  as  free  as  possible  by  forcible  manipulation,  in  order, 
that  adventitious  adhesions  may  be  broken  down. 

ir  bloodless  nielliiids  fail,  ^ucctss  may  be  atlained  by  sulxnilanmus  divHion  of  Icndoni, ' 
ligomf  nis,  or  olher  tense  bonds  ;  in  other  eases  U  may  be  as  hcU  to  proceed  nl  once  to  open 
artlirolomy  ax  to  resecljon.  If  the  former  is  selected,  ii  should  be  borne  in  mind  tlial  the 
diificiilliea  jirevenling  reduction  by  otdlnory  nielbods  may  render  reduction  after  iocision 
ei|iially  impossible.  Hence  we  should,  as  a  rule,  be  prepared  to  proceed  lo  the  mure 
serious  operation  at  Ihe  lirst  failure.  Resection  of  the  joint  is  most  commonly  indicated 
when  the  ankylosis  is  more  or  less  complete,  or  when  the  displaced  bone  gives  rise  to  severe 
pressure-symptoms.  In  some  cases,  a  partial  resection  will  sutfice,  by  removing  a  prominent 
process  of  bone,  which  has  been  the  most  serious  obstacle  lo  free  movemcnl ;  in  others,  the  I 
resection  will  need  to  be  a  very  free  one,  in  order  to  avoid  subsequent  ankylosis-  Free 
resection  is  especially  indicated  in  fracture  with  dislocation,  as  of  the  cIIjow,  where  the 
development  of  abundant  callus  has  already  been  on  impirtanl  element. 

Accidents  during  reduction  and  complications  are  the  same  in  nature,  after  attempts  to 
reduce  old,  as  recent  dislocations ;  but  i(  should  be  borne  in  mind  tliol  attempts  at  reduction 
of  old  dislocations  have  given  us  the  richest  experience  of  these  complications.      Therefore,  \ 
while  employing  sufficiently  forcible  measures,  very  great  care  must  be  taken  lo  adapt  the 
force  used  lo  tJie  jjowers  itf  resistance  of  each   particular  case. 

Pathological  Dislocations. — These  may  be  due  to  a  variety  of 
causes,  such  as  excessive  effusion  into  the  joint-capsule.  weakeni:ig  or 
absorption  of  the  ligaments  as  the  result  of  inflammatory  changes  of 
various  kinds,  or  relaxation  of  the  ligaments  as  a  result  of  shortening  or 
distortion  of  the  intra-articular  portion  of  the  bone,  secondary  to  disease. 
Allied  in  nature  to  this  form  are  the  displacements  occasionally  seen  as 
the  result  of  habitual  malposition  in  the  very  weak  or  in  the  insane.  The 
articular  end  of  the  bone  here  presses  locally  on  a  capsule  deficient  in 
tone,  which  gradually,  ot  sometimes  suddenly,  gives  way  and  allows 
the  development  of  a  typical  dislocation.  The  early  recognition  of 
the  latter  displacements  is  the  more  important  in  that  they  are  often 
capable  of  reposition  and  cure. 


SPEOAL  DISLOCATIONS. 

liOWer  Jaw. — Situated  at  some  depth  from  the  surface  and  over- 
hung by  the  zygomatic  arch,  the  temporomaxiliary  joint  is  well  pro- 
tected from  direct  violence ;  but  the  body  of  the  jaw  and  its  ramus 
form  a  bar  of  considerable  length,  which,  acted  on  by  indirect  violence 
applied  to  the  body-angle  or  .symphysis,  may  exert  powerful  leverage 
on  the  structures  retaining  the  condyle  in  position,  and  may  lead  to 
dislocation.  This  joint  is  the  articulation  nf  all  others  prone  to  dis- 
placement from  mu.scular  action — a  fact  readily  explained  when  we 
remember  that  the  simple  action  of  opening  the  mouth  may  be  almost 
regarded  as  a  subluxation  of  the  condyle  which  a  very  slight  increase 
in  range  may  convert  into  an  actual  dislocation. 

Certain  conditions  specially  favor  the  possibility  of  dislocation.  I.  With  the  mouth 
dosed  the  condyles  rest  in  the  hollow  of  Ihe  glenoid  cavity,  but  when  open,  on  the  convex 
cminenlia  artieularis.  2,  The  c.-ipsule  has  lo  be  very  loose  lo  allow  of  the  inclusion  of  the 
lai^e  eminenlia  artieularis,  and,  besides,  il  is  weak,  the  only  strong  band,  the  eilemal  lalemi 
ligament,  being  sloped  downward  and  backward  lo  allow  the  forward  gliding  of  (he  jaw 
when  Ihe  mouth  is  open.  The  small  port  taken  by  the  capsule  in  resisting  dislocation  i& 
evidenced  by  the  fact  that  il  is  never  torn  when  this  occurs,  3.  The  large  librocarlilage 
necessary  for  the  adaplalion  nf  the  bony  surfaces  is  provided  anteriorly  with  a  powerful 
insertion  of  the  external  pterygoid  muscle. 
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normal  stability  of  the  joint  is  well  shown  by  the  fact  that  dis- 
sns  are  only  common  at  an  af^e  in  which  retrogressive  changes 
have  led  to  manifest  alterations  in  both  the  form  and  direction  of  the 
condyle  and  the  depth  of  the  alveolus. 

Frequency  of  Occurrence. — In  the  St.  Thomas's  series  of  812  dis- 
locations, 34  dislocations  of  the  mandible  occurred,  being  4.1S  per  cent. 
of  the  whole  number.  In  Krnnlein's  series  10  were  observed  in  a  total 
of  400 — that  is  to  say,  2.5  per  cent. 

Causation  and  Classification — Luxations  are  mcst  frequent  as  the 
result  of  a  too  extensive  movement  of  the  jaw  in  the  acts  of  lauj^hing 
or  yawning,  and  therefore  are  mostly  due  to  muscular  action.  They 
are  more  common  in  women.  Dislocation  may,  however,  be  produced 
in  a  precisely  similar  manner  by  violent  manipulation  in  extracting 
teeth,  introducing  a  gag  or  instrument  into  the  mouth,  or,  more  rarely, 
by  blows  while  the  mouth  is  open.  The  displacement  may  be  unilat- 
eral or  bilateral.  In  the  St.  Thomas's  statistics,  31  ivere  bilateral,  4 
were  of  the  right  condyle,  g  of  the  left. 

Pathology. — WTien  (iisplaeed,  the  conJyles  pass  forward  inlo  the  lygomatic  iosm,  and 
icraaikabl)-  liule  laceralion  of  Ihe  stniciures  occurs  except  of  the  loose  tissues  suttoumiing 
the  joiot.  even  the  capsule  remaining  inlact.  DilHculty  in  reductlcin  has  bcrn  iiscrib«l  to 
locking  of  ihe  coronoid  process  against  the  i)^omntic  arch,  but  this  has  been  eflcctisely 
disproved^  the  difficulty  in  recent  cases  depending  on  muscular  contiactioD,  in  old  cases  on 
adhesions. 


Symptoms. — Bilateral  Dislocation. — On  inspection,  the  mouth 
stands  fixedly  open,  and  although  the  jaw  can  often  be  somewhat 
depressed,  all  attempts  at  closure  fail.  In 
thin  faces  the  swelling  of  the  condyle  at 
an  anterior  position  is  often  evident,  and 
the  contracted  temporal  and  m  asset  er 
muscles  form  prominences  above  and 
below  the  zygoma.  On  palpation,  a  hol- 
low can  be  felt  anterior  to  the  ear  in  the 
usual  position  of  the  condyle  and  posterior 
to  the  prominence  already  noted.  On  pal- 
pation from  within  the  mouth,  the  coronoid 
process  may  be  felt  in  an  advanced  position. 
There  is  much  local  pain  due  to  stretching 
and  pressure  on  the  branches  of  the  third 
division  of  the  fifth  ner\'e,  which  may  radi- 
ate to  the  ear  and  scalp ;  saliva  dribbles  from 
the  mouth,  as  a  result  of  pressure  on  the 
salivary  glands.  The  patient  is  unable  to 
masticate,  and  the  speech  is  defective. 

Unilateral  Dislocation. — In  this  varietj-  the  signs  are  similar,  but 
they  are  confined  to  one  side,  and  consequently  less  pronounced.  The 
mouth  is  less  widely  open,  and  the  distortion  is  asymmetrical  from  the 
pushing  of  the  symphysis  to  the  opposite  side.  On  the  other  hand, 
diagnostic  advantage  is  gained  in  having  the  sound  side  for  the  pur- 

^_     poses  of  comparison. 

^1         Compound  dislocations  are  uncommon,  and  are  always  due  to  direct 

^B   wounds  over  the  temporomaxillary  joint 


Fru.  397. — Bilaleral  dislocation  of 
the  jaw. 
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Prognosis. — The  reduction  of  recent  dispiacements  is  usually  easy 
enough,  but  if  tlie  injury  is  overlooked,  the  symptoms  gradually 
become  less  marked,  and  mobility  increases  so  as  to  allow  of  a  modi- 
fied use  of  the  jaw.  After  a  lapse  of  three  months,  there  is  not  much 
likelihood  of  successful  reduction,  but  an  attempt  should  certainly  be 
made  up  to  the  expiration  of  six  months.  The  most  important  point 
prognostically  is  the  acquisition  of  a  marked  tendencj'  to  recurrence 
on  very  slight  provocation. 

Oiasnosis. — Confusion  with  any  other  condition  is  unlikely,  since 

the  change  in  the  patient's  appearance  is 
so  sudden  that  hardly  any  other  expla- 
nation would  meet  the  conditions  of  the 


case. 

Treatment.— Pressure  being  made  on. 
or  in  the  position  of,  the  last  molar  teeth 
by  the  thumbs  of  the  surgeon  (carefully 
wrapped  around  with  a  cloth  for  protec- 
tion), a  fulcrum  situated  below  the  nor- 
mal center  of  motion  is  furnished  for  the 
depressed  angle  by  the  masseter  and 
internal  pterj'goid  muscles  and  by  the 
stylomaxillarj'  and  lateral  ligaments  of 
the  joint.  A  kind  of  bilateral  sling  is 
thus  provided,  in  which  the  jaw  is  suf- 
ficiently depressed  to  allow  the  condyle 
to  reach  the  most  prominent  part  of  the 
eminentia  articularis.  when  the  symphysis 
is  elevated  by  the  fingers,  and  the  jaw  is 
suddenly  drawn  back  and  slips  into  position.  In  the  majority  of  instances 
this  maneuver  can  be  carried  out  without  the  aid  of  an  anesthetic,  and 
in  many  cases  some  subjects  of  recurrent  dislocation  arc  able  to  carry 
it  out  for  themselves.  Le.ss  commonly  great  difficulty  is  experienced, 
and  an  anesthetic  may  be  necessary,  the  use  of  the  thumb-pressure 
being  often  insufficient. 

Many  mechanicnl  devices  in  ihe  way  of  wedges  and  wooden  liars  have  been  tried.  I  can 
very  wattnly  rectimmen<l  a  simple  method  1  have  mvielf  found  successful. — namely,  the  use 
of  B  pair  of  ordinary  bifid  wound- retractors.  These  should  lie  sheathed  with  nibher  tubiiig. 
An  assistant,  standing  abi.ve  the  head  of  ihc  paiiem.  applies  one  on  eilhei  side,  immediately 
anterior  to  the  ramus  of  the  jaw,  and  niakes  firm  preisute  downward  and  backward,  while 
the  sui^eon  takes  charge  of  the  patient's  chin,  raisitig  it  as  the  pressure  of  Ihc  artilicial 
fulcrum  is  increa.sed. 

In  compound  dislocation,  the  treatment  is  to  be  carried  out  on 
general  aseptic  principles.  The  main  point  to  keep  in  mind  is  the 
possible  occurrence  of  ankylosis,  which  must  be  combated  by  allow- 
ing the  [latient  to  make  free  use  of  the  jaw  as  soon  as  is  practicable 
Should  ankylosis  occur  on  one  side  only,  it  may  not  require  special 
treatment;  if,  however,  it  is  bilateral,  one  or  both  joints  may  be 
excised. 

After  reduction,  the  jaw  is  best  supported  and  held  in  position  by  a 
four-tailed  bandage,  so  applied  as  to  make  upward  and  backward  press- 
ure on  the  prominence  of  the  chin.     This  must  be  worn  three  to  four 


Fig.  29B.— Mode  of  manual 
reduction. 
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weeks.  The  patient  should  be  cautioned  as  to  ihe  need  of  future  care 
in  widely  opening  the  mouth,  and  fluid  diet  is  oWigatory,  being  best 
administered  by  a  tube  passed  behind  the  last  molar,  if  the  teeth  are 
stil!  present. 

Clavicle, — The  sternoclavicular  joint  is  peculiar  in  arrangement, 
while  its  relation  to  the  movements  of  respiration  renders  it  difficult  to 
maintain  the  constituent  bones  at  absolute  rest.  Displacement,  when 
it  occurs,  is  difficult  to  combat,  on  account  of  the  weight  of  the  depend- 
ing upper  extremity,  the  force  of  gravity  exerting  great  influence  on  the 
deformity  accompanying  this  di.stocation. 

The  articulalion  owes  i(s  secunly  to  llic  dilficultv  of  concentraling  force  direclly  upon  il, 
due  10  The  curves  of  the  clavicle,  ihe  mobthlv  of  the  scapula.  .in{l  Ihe  piny  of  the  actvtmUv 
doviculnr  joint ;  also  lo  reinforcement  of  the  capsule  by  the  lendinoui  origins  of  the  slemo- 
masloid  aoil  pectoralis  majof,  lo  the  coiioclnviculur  ligament,  and  (o  the  allachmcnl  of  llie 
interaniculiir  tibiocartilagc. 

Frequency  of  Occurrence — In  the  St.  Thomas's  series  of  812  dislo- 
cations, the  sternal  end  of  the  clavicle  was  displaced  in  21,  or  2,58  per 
cent.     In  Kroniein's  400,  the  displacement  occiuTed  in  6,  or  1.5  per  cent. 

Causation  and  Classification. — The  accident  almost  invariably 
results  from  indirect  violence  exerted  on  the  shoulder.  It  has  been 
produced  by  muscular  action,  as  in  swimming ;  backward  displacement 
has  been  caused  by  direct  violence. 

The  bone  may  pa^  in  either  of  three  directions— forward,  upward,  or  backward.  Of 
Ibesc,  ihe  lirst  is  by  fur  the  tnttsl  freijuent,   the  second  and  third  varieties  being  nne. 

Forward  dislOCalion  is  caused  by  fall.s  or  blows  forcing  the  shoulder  backward. 

Pii/hoh^w  —  The  he.ad  of  the  lione  lies  on  the  anterior  irurface  of  the  sternum,  com- 
monly B  litlle  below  it*  nonnol  level,  the  chondroslemal  cavity  being  crossed  by  the  inner 
end  of  the  shaft  of  the  clavicle.  The  degree  of  displacement  varies,  and  depetids  ttiainly 
on  Ihe  extent  of  the  rupture  of  the  cosiuclsvitular  liBainem. 

Si'rn/>/iHNi\ — <>n  inspection  the  head  i^  found  inchned  to  the  injured  side;  the  shoulder 
is  approximated  to  the  mid-line  and  fall^  wmewlial  backward  ;  the  hollows  of  the  posterior 
liiangte  and  the  infraclas-icular  fossa  are  deepened,  the  fnrmei  often  sharply  inaipnaled 
Anleriorly  bv  the  outer  e<lge  of  the  cleidomastoid.  The  sternal  end  of  the  displaced  bone 
i(  visible  as  a   pmniiiirnce  over  the  sternum. 

Upward  dislocation  is  caused  by  falls  on  ihe  upper  and  outer  aspect  of  the  shoulder, 
leading  to  its  forcible  ileprcs>ion,  or  by  a  similar  movement  caused  by  dmg^ng  on  the  arm. 

/',ir/iola^. — The  head  of  the  lione  re>ts  on  ihe  cpislemal  notch,  pa^-ing  Lo  or  beyond 
Ihe  median  line  in  from  of  Ihe  trachea.  The  innei  end  of  the  sfiaft  lies  between  the  slenutl 
head  of  ihe  slcmomastoid  and  Ihe  sternohyoid,  and  above  the  chondiosternal  cavity, 

Sympromi. — On  insjjcclion  the  shoulder  is  found  depttsseil,  apptonimaled  lo  the  mid. 
line  of  the  body,  and  the  axis  of  the  clavicle  is  so  shifted  as  to  increase  Ihe  distance  between 
Ihe  sternal  extremity  and  Ihe  lint  costal  cartilage.  The  symmetry  of  the  line  corresponding 
with  Ihe  inner  margin  of  Ihe  sternomasloid  is  ileslmyeil  by  the  presence  of  Ihe  shaft  of  Ihe 
clavicle  beneath  it,  and  the  supm>temal  hollow  is  obliternled  or  rendered  convex  by  the 
abnormal  presence  of  ihe  arliiulut  eml.  The  hollow  of  the  postetiot  triangle,  and  also  the 
infraclavicular  fossa,  are  more  shallow. 

I.)n  palpation  the  sternal  end  of  the  bone  may  be  felt,  and  the  point  of  the  linger  may 
delermine  ihe  outline  of  the  joint-eovity,  in  ihe  widened  sjiace  between  it  and  the  first  casUl 
cartilage-  The  steruomastoid  of  Ihe  corresponding  side,  or  both  muscles  are  abnomullf 
lense. 

l>n  manipulation  the  displaced  bone  may  be  reduced  by  traction  of  the  ahonlder*  back- 
wanl,  and  flexion  of  the  neck  or  raising  of  the  shimlders  tniiy  give  rise  to  symptom*  of 
tracheal  compressiun.  Pretfute  on  the  trachea  may  give  rise  lo  severe  dyspnea,  so  great 
as  hardlv  to  allow  the  p^itiriit  lo  sjieak. 

Backward  Dislocation. ^tn  a  large  pruportion  of  cases,  this  is  caused  by  diteci 
violence;  but  it  may  tmill  Imm  powerful  lateral  comliression  of  ihc  shoulders,  and  has 
been  known  lu  occur  as  Ihe  sei:undan'   result  uf  lateml  lurvalutr  of  the  .spine. 

/'IM|l/.^^^■. — The  anicular  end  lies  deeply  beneath  Ihi-  sienium  anil  the  origin)  of  the 
Mcmobyoiti.     It  may  sometimes  rise  above  lh«  level  of  the  sternum,  probably  at  >  toult  of 
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the  weight  of  Ihe  arm  depressing  the  oulcr  end.  The  irachea  is  pushed  over  lo  Ihe  opposite 
hide  of  the  neck,  the  nrliculat  end  of  ihe  bune  resting  iin  the  guJIel.  The  subclnvino  or 
innomiDale  vessels  may  be  subjected  lo  considerable  pressure .  The  injury  k>  ligaments,  etc., 
is  similar  in  nature  to  that  ubserved  in  liie  other  forms  of  dislocation, 

Symplonu.  —  The  head  is  usiiully  incliiieil  to  the  ajiposite  side,  oUhougb  Ihe  reverse  h«i 
been  noted.  The  margin  of  the  stemomastoid  on  Ihe  sound  ^de  is  abnormally  promineni, 
Ihe  shoulder  is  raised  and  approsiinated  to  ihc  median  line,  while  ijie  atromiBl  end  of  the 
clavicle  is  unduly  pKimiiicnl.  A  hollow  exists  in  the  proper  [losition  of  the  arliculat  end 
of  the  bone,  niarginated  below  bj-  the  stemOLoslai  portion  of  tbe  pectoralis  major.  On 
palpation,  the  outline  t>f  the  empty  cavilv  mav  be  determined,  and  when  the  inlenirticular 
cartilage  remains  attached  to  the  costal  cartilage,  this  has  also  been  felt.  If  the  flrticular 
end  of  the  bone  riseis,  it  may  be  fell  above  the  sternum.  The  deformity  may  be  corrected  by 
drawing  the  shoulder  bnijkwaid,  but  reduction  is  seldom  complete  and  is  difiicult  lo  maintain. 

Diagnosis. — The  diagnosis  of  the  iliffcrcnt  varieties  Is  readily  made  by  attention  to  Ihe 
special  symptoms  of  each  already  detailed.  Tiie  .sprciat  feature  is  Ihe  recurrence  of  Ihe  dis- 
placement when  traction  is  discontinued. 

I'regnosu. — A  gi«id  functional  result  is  the  rule,  little  permanent  disability  persisting. 
On  the  other  band,  altbuujih  easy  of  reduction,  these  displacemenli  can  rarely  be  kept  in 
position,  and  more  or  less  deformity  remains. 

7>vui'nK-«/.— Traction  is  to  be  mode  in  the  axis  of  the  displaced  bone,  the  shoulder  being 
drawn  outward  and  backward,  some  elevation  being  combined  in  the  case  of  the  upward 
dish>catioti ;  for  the  permanent  correction  of  the  deformity  a  pad  should  be  placed  in  the 
axilla.  Reduction  i»  best  maintained  by  the  application  of  a  pi asler-of- Paris  casing  encir- 
cling both  the  arm  and  chest,  cither  the  arm  being  brought  over  ihe  fMtil  "f  the  chest  with 
the  hand  on  the  opjx^site  shoulder,  or,  if  it  proves  more  satisfactory,  the  shoulder  being 
drawn  back  by  a  ligure-of-S  bandage  applied  beneath  the  plaster.  In  deciding  this  mailer 
we  must  be  guided  by  Ihe  case  before  us,  as  considerable  variation  is  nict  with  in  individual 
instances.  In  case  of  the  anterior  displacements,  direct  pressure  should  he  applied  to  Ihe 
head  of  the  bone  by  means  of  a  special  strip  of  strapping  and  a  pad.  If  plaster  of  Paris  is 
not  available,  or  if  for  any  reason  it  is  inapplicable,  strips  of  strapping  or  an  ordinary 
bandage  may  be  employed.  The  displacemetit  may  be  treated  by  placing  the  patient  in  the 
recumbent  position  after  reduction,  in  the  j>osterior  variety  the  trunk  b^ing  raised  in  su^li  a 
manner  ns  to  allow  the  shoulder  to  fall  backward.  fJreat  reserve  should  always  be  c»er- 
cised  in  giving  assurances  to  the  patient  as  to  the  amount  of  after- deformity.  The  apparatus 
must  he  worn  at  least  five  or  so.  weeks. 

Scapula. — The  acromion  process  of  the  scapula  may  be  di.splaced 
from  il-s  connection  with  the  clavicle,  the  accident  being  often  described 
as  dislocation  of  the  acromial  end  of  the  collar  bone. 

Frequency  of  Occurrence. — In  the  St.  Thomas's  series  of  8ij  dislocations,  dis- 
placement of  the  acromion  occurred  13  times,  or  1.6  per  cent.  In  Kronlein's400,  it  occurred 
II  times,  or  2.7  per  cent.  Many  aulhorities,  however,  stale  that  this  dislocation  is  twice  as 
frequent  as  that  of  the  clavicle  from  the  sternum. 

Causation. — The  displacement  i.s  rare  except  in  adult  men,  and 
almost  invari;tbly  results  from  the  exertion  of  tiircct  violence  on  the 
acromion,  cither  by  falls  on  or  blows  received  by  the  upper  and  outer 
aspect  of  the  shoulder.  It  has  been  observed,  however,  as  a  result  of 
violence  applied  to  the  clavicle  from  below,  as  when  the  trunk  is  run 
over  by  a  wheel.  The  acromion  may  pass  in  one  of  two  directions, 
either  beneath  or  above  the  clavicle.  Of  these,  the  latter  is  extremely 
rare. 

Pathology The  degree  of  displacement  varies  greftlly,  depending  00  the  extent  of 

injury  10  the  coracoclavicular  ligaments,  [f  these  ore  but  slightly  damaged,  Ihe  clavicle 
rides  just  beyond  its  normal  relation  to  the  clcfl,  and  Ihe  main  injury  is  to  the  acroituocla- 
viculur  capsule.  When  the  conoid  and  irapeioid  ligaments  arc  both  widely  injured,  the 
acromion  lakes  up  a  much  more  internal  position.  Complete  rupture  of  bolh  conoid  and 
trapezoid  and  of  the  corsco-aciwrnial  ligament  occurs  when  the  acromion  takes  up  a  position 
on  the  up(«-r  surface  of  the  clavicle.  The  clavicle  then  resLs  between  ihc  disphiced  process 
and  Ihi-  ujiper  aspect  of  the  supraspinalus  and  shoulder- joint. 

Symptoms Subclavicular  Dislocation.— Jhc  shoulder  is  depressed 

and  approximated  to  the  median  line.    The  acromial  end  of  the  clavicle 
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forms  a  localized  prominence,  marginating  internally  a  distal  depression. 
The  axis  of  the  clavicle  is  so  altered  as  to  increase  its  upward  and  out- 
ward slope,  and  the  supraclavicular  hollow  is  considerably  dcejKned 
as  a  result  of  the  tension  of  the  clavicular  insertion  of  the  trapezius. 
On  manipulation,  the  displacement  is  readily  produced  by  raisinj^  the 
shoulder  and  making  direct  pressure  on  the  clavicle.  The  individual  feat- 
ures vary  with  the  degree  of  the  displacement  of  the  acromion  inward. 

Dislocation  Ufnvard. — This  results  from  force  applied  to  the  clav- 
icle from  above,  and  is  very  rare.  Hamilton  has  pointed  out  that  the 
displacement  is  only  possible  when  the  lower  angle  of  the  scapula  is 
rotated  outward  and  the  coracoid  process  depressed,  the  clavicle  being 
thus  deprived  of  the  support  normally  offered  by  the  latter.  The 
function  of  the  upper  extremity  is  much  interfered  with.  On  inspec- 
tion the  shoulder  is  depressed,  the  arm  being  closely  approximated  to 
the  trunk  and  apparently  elongated.  The  distance  between  the  promi- 
nence of  the  shoulder  and  the  mid-line  is  shortened.  A  hollow  exi.sts 
over  the  situation  of  the  dislocation;  the  axis  of  the  clavicle  sinks 
from  within  outward ;  the  sternal  end  projects  abnormally.  The  cleido- 
mastoid  is  ver>'  prominent.  On  manipulation,  although  voluntary 
movement  of  the  shoulder  is  practically  abrogated,  all  movements 
except  those  of  abduction,  and  to  a  less  extent  of  adduction,  can  be 
made  passively,  but  with  the  infliction  of  very  con.siderable  pain. 

Diagnosis. — These  injuries,  since  they  are  occasioned  by  direct 
violence,  are  apt  to  be  followed  by  rapid  and  much  greater  local 
swelling  than  dislocations  of  the  sternal  extremity  of  the  clavicle. 
The  only  likely  sources  of  confusion  arc  fractures  in  the  immediate 
vicinity.  General  rules  of  differentiation  should  here  suffice,  bearing 
in  mind  that  in  fracture  the  cleft  is  narrower,  local  tenderness  more 
marked  and  circumscribed,  while  the  tendency  to  complete  recurrence 
of  the  deformity  is  greater  in  these  particular  dislocations  than  in 
fracture. 

Prognosis. — Entire  removal  of  the  deformity  is  raiely  attained. 
The  most  promising  cases  are  those  in  which  the  coracoclavicular  liga- 
ments have  suffered  little.  But  if  the  deformity  cannot  be  permanently 
reduced,  the  restoration  of  function  is  almost  complete,  free  abduction 
being  the  only  movement  endangered. 

Treatment. — The  6rst  indication  is  to  draw  the  shoulder  outward; 
and  this  position  must  be  maintained  by  the  arrangement  of  a  pad  in 
the  axilla.  The  arm  is  then  best  supported  and  the  scapula  kept 
at  rest  by  the  application  of  a  plaster-of- Paris  case  similar  to  that 
described  for  the  clavicular  dislocations.  The  elbow  must  be  well 
brought  forward,  and  direct  pressure  made  over  the  seat  of  the  articu- 
lation by  a  pad  or  moulded  plate  of  gutta-percha,  fixed  by  a  .strip  of 
stout  strapping  carried  over  the  shoulder  and  around  the  flexed  fore- 
arm, just  below  the  point  of  the  olecranon. 

WliateTFT  mode  nf  tuatiou  is  employHl,  i(  it  neceisnry  to  maintain  It  for  at  leaU  liir«  or 
nx  week*.  The  result  drpcnd^  mainly  on  ihr  df^rcc  nf  injury  (o  the  ligamcnU  ;  but,  even 
if  dcfamulv  pcrsi«>,  ihc  funclionBl  capncily  will  |fn>bitb1y  be  guud.  [he  movrioeiit  iiiciil 
llk«ly  111  be  resLrictbt  Iti'ing  Ihal  of  free  ulniuclion. 

The  luwei  angle  of  llie  scnput.i  uccusiinally  eMnpet  {xma  benealh  the  latiuimus  dolsj. 
This  ac<;idFnl  if  most  tuininou  a&  the  rciuU  »f  psialyus  \ii  the  tcrniluJt  nugnut  or  u  iicc»m- 
panying  trDliosiA. 
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The  Humerus. — The  shoulder  surpasses  every  other  joint  in  the 
boily  in  freedom  of  range  and  variety  of  movement.  These  character- 
istics necessitate  arranjjenient.s  ill  adapted  to  withstand  violence  from 
without,  which  arrant>LTnents,  although  modified  by  freedom  of  mobility 
and  possibilities  of  adaptation,  yet  render  the  joint  more  prone  to  dislo- 
cation than  any  other  in  the  body. 

Thf  pcinlinriiie*  which  rcmler  it  Sfccially  liable  lo  displaccmcnl  may  be  shortly  summed 
il|i  n>  (nllniA.  :  The  piomineiicc  and  <spii».eJ  poiiliiin  of  the  ankuktion  ;  ihe  length  of  ihc 
humerus  ^"^1  ^l*  tunscquenl  j-xiwcr  3^  a  lever  when  brought  to  bear  on  the  capftule  and  sur- 
rounding stniclurei ;  the  !lac!inc*s  of  the  capsule,  and  the  want  of  direct  support  of  Ihis 
Mnu'lure  at  its  lower  and  inner  part  ;  the  shallowness  and  coirtparati^'cly  smjill  »urface-DreA 
of  llie  glenoid  cavity,  aniounlim!  to  only  alwut  one-third  of  that  offered  by  the  humeral 
hend  ,  nnd  the  fnci  that  the  movement  of  abdiiciirin  uf  the  humerus  is  normally  checked 
majiily  by  tensii^in  uf  the  capsular  ligament.  As  compensauons  for  these  veak  poinU  ve 
hnvr  ;  'Hie  abundance  and  streni;lli  of  the  tcudinuu'.  rnscrtions  into  the  capsule,  which 
supply  a  conijilctc  covering,  except  below  ;  [he  special  arrangement  of  the  biceps  tendon, 
which  checks  displacement  upward  in  the  hanging  position,  downward  in  the  abducted 
siBle,  ns  well  ns  rotation  outward  in  eslreme  supination  of  the  foreanu  ;  the  mobility  of  the 
junction  of  the  clavicle  with  the  acromion,  which  allows  the  glenoid  cavity  to  he  brought 
directlv  behind  the  head  of  the  humerus  when  the  ami*  nre  thnisl  forward  ;  ihe  mobility  of 
the  !>capuhi,  which  retideis  IL  difficult  for  the  humeral  lever  lo  be  brought  suddenly  lo  bear 
on  a  (iicd  point ;  the  fad  that  forced  abduction  of  the  hiunctu.t — the  mos^t  dangerous  move- 
ment—scut's  only  when  the  person  is  taken  unawares ;  and  lastly,  the  protection  atTorded 
to  lln-  shiiuUltr  by  the  civtrlianfjing  shoulder- girdle. 

Frequency  of  Occurrence.— In  the  St.  Thomas's  series  of  812  dislocations.  353  of 
the  hujnerus  occurred,  forming  a  ratio  of  4J.47  per  cent-  of  Ihe  whole  number.  In  Kron- 
lein'j  series  of  400,  JO?  occurred,  or  51. 7  per  cent.  By  general  consensus  of  opinion,  at 
leiisl  50  |iei  cent,  uf  all  ilisloculioii-s  lake  ploce  ul  the  shouider-joint. 

Causation  and  Classification. — The  influence  of  age  and  sex  is 

strongly  marked  in  the  occurrence  of  dislocation  of  the  humerus. 
Thus  it  is  rare  below  the  age  of  twenty;  and  it  has  been  shown  by 
Kriinlcin  that  its  place  is  taken  in  early  childhood  by  fracture  of  the 
then  weak  cla\-icle,  while  later  the  still  unstable  elbow-joint  is  more 
likely  lo  suffer.  After  twenty  the  proportion  continues  to  rise  steadily 
until  old  age. 

The  humerus  may  be  displaced  in  four  directions — forward,  back- 
ward, downward,  or  upward.  Of  these,  the  first  is  by  tar  the  most 
common.  The  displacement  in  either  direction  may  \-ajy  in  degree, 
but  the  following  classification  covers  all  the  main  varieties: 

1.  Forward;  Subcoracoid ;  Subcla\-icu!ar. 

2.  Backward  :  Stibacromial ;  Subspinous. 

3.  Downward :  Subglenoid. 

4.  t'pward :  Supracoracoid. 

Two  of  the  ram  varieties,  rumed  fnnu  the  leUdTC  positkm  of  the  aim  U  the  tmok, 
BMy  be  menijoned  :  Thus  in  Hune  cases  of  subglenoid  dillocMiaa.  ibe  urn  is  thiowii 
npwsnl  mxre  or  less  dimrlly  in  the  reverse  of  the  nonnal  ypuimtit  msta"),  asd  <«  loaae 
caaes  of  subclavicular  dislocation  the  arm  has  been  Doled  to  be  abdnclnl  to  ■  rifbt  angle 
with  the  trunk  {Imiali.'  kmumtalii,  Bardenheocrk. 

Allhotigh  the  prominent  position  of  the  shoulder  frequently  exposes 
it  lo  direct  iniur}-,  dislocation  is  far  more  common  as  the  rcsuh  of 
indirect  \Holence.  Forcible  abduction  of  the  Umb  is  the  most  frequent 
cause ;  hence  the  majority  of  dislocations  are  primarily  subgiciwad.  the 
humerus  obtaining  an  abnormal  fulcrum,  cither  in  the  acromioa  or  in 
the  impact  of  the  great  tubcrositj-  nilh  the  upper  pan  of  the  glenoid 
ca%-it>-,  and  bursting  the  lower  part  of  the  capsule  The  head.  »  the 
result  of  the  contiactkm  of  the  adductor  musclrs  and  the  wa^tX  of 
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the  falling  limb,  travels  secondarily  into  one  of  the  anterior  positions, 
most  frequently  the  subcoracoid.  When  tlie  position  of  the  arm  is  the 
rare  one  of  combined  adduction,  flexion,  and  internal  rotation,  a  pos- 
terior dislocation  may  result :  but  the  nature  of  the  violence  is  nearer 
akin  to  the  direct,  as  the  rent  of  the  capsule  is  at  the  posterior  aspect. 
Direct  violence  may  be  applied  either  to  the  head  of  the  humerus  or 
to  its  lower  extrcmitj-.  When  applied  to  the  head  by  a  fall  or  a  blow, 
if  the  shoulder  is  struck  from  above  and  behind,  the  arm  being  rotated 
outward,  the  head  impinges  on  the  lower  and  anterior  portion  of  the 
capsule,  and  one  of  the  anterior  displacements  results.  When,  on  the 
other  hand,  the  force  is  applied  from  the  front  with  the  humerus  rotated 
inward,  the  upper  and  back  part  of  the  capsule  gives  way,  and  a  sub- 
spinous dislocation  is  developed.  A  fall  on  the  upper  aspect  of  the 
shoulder  may  also  fracture  the  acromion  process,  and  the  violence  being 
continued,  a  subglenoid  dislocation  may  follow.  In  falls  upon  the 
elbow,  the  mechanism  is  the  same,  forward  dislocation  depending  on 
an  extended  and  externally  rotated  arm,  backward  dislocation,  on  a 
flexed  and  internally  rotated  one.  If  the  arm  is  rotated  outward  in 
the  degree  of  extension  assumed  by  the  iimb  when  hanging  at  rest, 
the  rare  supracoracoid  form  may  result. 

As  to  the  relniive  frcijuencj'  of  the  difTerenl  vnriclie!.,  of  the  354  dislocations  obwrved  at 
Si.  Thomas's.  347  were  subcoracoid  or  subglenoid,  4  subclHvituInt,  and  2  siibspinous.  No 
enample  o(  suptBcoraeoid.  lusalio  erecla,  01  lujntio  horizontal  is  is  recorded.  In  Kranlcin's 
slati^^ics,  of  207  distocaljons,  203  were  F^ubcomcojd  or  axillary,  3  liixationea  erector,  and  [ 
nibspinoufi.  tn  the  St.  Thomas's  stnlislics.  the  subcoracoid  and  subglenoid  arc  masked,  on 
account  of  the  dilferenl  opinions  as  10  the  discrimination  of  these  hetd  by  diBerenI  observers. 

F'atholOgy.^ln  the  :,ubiora{oid  variety  the  head  of  the  humerus  lies  directly  beneath 
the  toratc'id  pnicess,  the  lip  of  the  lailcr  being  jusi  internal  10  the  bicipital  groove.  The 
great  luherosiiv  rests  on  the  inner  and  under  part  of  the  glenoid  cavity,  the  anatomical 
neck  on  its  margin,  and  the  articular  porlion  over  the  space  between  the  glenoid  cavity  and 
the  chest- wall.  The  shorl  head  of  the  biceps  and  the  coracobrachial  is  cross  the  inner  pan  of 
the  head,  while  the  remainder  projects  between  the  latis«imus  dorsi  and  the  subscapularis. 
The  long  head  of  the  biceps  remains  in  its  groove,  and  crosses  the  glenoid  cavity  undercover 
of  Ihc  lense  supraspinalus  and  intmspinatus.  the  capsule  il^lf  being  pushed  back  by  the 
head  of  the  btinc.  The  aiiUary  nerves  and  vessels  are  pushed  forward  and  inward  between 
the  subscapularis  and  pectoralis  major,  the  circumHev  nen'e  lying  in  the  space  between  the 
snbicapularis,  latiysimus  dorsi,  and  humerus.     These  structurct  are  seldom  injured. 

Therent  in  the  capsule  is  either  transverse  or  oblique,  lies  a1  the  U^wer  and  inner  aspect,  and 
involves  (ram  one-hall  lo  ihree-fuunhs  of  the  circumference  ;  but  it  has  been  found  so  small 
IS  hardly  to  allow  the  jiassage  of  the  head,  while  in  very  rare  ca.ws  it  has  been  entirely  sepa- 
isled  from  its  humeral  aUachment.  The  outer  and  upper  part  is  tensely  stretched  over  the 
glenoid  cavity.  The  tower  !>ordet5  of  the  subscapulars  and  teres  major  may  be  somewhat 
torn,  but  the  former  is  usually  stretched  over  the  head  of  the  humerus.  The  dettoi<l,  the 
mpiaspinatus  and  the  infraspinatus  are  lense.  The  Inst  two  sometimes  tear  off  a  part  of  the 
srealei  mbetosity.  The  teres  minor  and  coracobrachial  is  are  usually  uninjured.  The  long 
head  of  the  biceps  has  been  found  interposed  between  the  head  and  glenoid  cavity,  coid- 
pletely  displaced  outward  from  it-s  groove,  or  torn  through. 

SttAftavuuitir. — A  slight  ciaggeralion  of  the  last  variety  was  named  inlmcomcoid  by 
Malgaigne,  and  considered  by  him  the  commonest  of  all  dislocations  of  the  humerus.  The 
head  may,  however,  pas*  still  more  internally  and  rest  on  the  second  nb  and  sertatus  niaf;nus 
below  the  clavicle.  Such  dislocations  are  accompanied  by  the  more  severe  muscular  and 
iiKitnenlous  injuries  enumerated  iu  the  last  section,  especially  by  rupture  of  the  capsular 
muscles,  separation  of  the  great  1uhen>sily.  and  4li^placement  or  rupture  of  the  long  teitdon 
uf  the  biceps,  and  are  liable  to  rutnprcvs  the  axillary  te^trls  and  nerves. 

Sm/ij^/fHaiJ, — The  head  of  the  humenis  te*ts  on  the  upper  part  of  the  axillary  border  of 
the  tcapula,  on  the  t<mg  head  of  the  Inreps,  which  is  siimetimes  lacerated.  The  rent  in  the 
□tpsulc  is  at  the  under  part.  The  dFlluid  and  capsular  muscle*  are  very  lense,  and  both  the 
greater  and  lesser  tuberosities  inav  be  Lorn  off.  The  circumllci  nerve  is  sometimes  torn  or 
ccmpcvaed;  the  axillary  atlery  hns  been  injured. 

SuiifiiMmi. — The  head  of  ihe  humerus  rests  on  Ihc  poMerior  margin  of  the  glenoid 
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Cttvily,  or  bcDMith  the  ntixitnion  process  al  ils  junction  with  the  spine — very  nrcly  beneath 
ihc  spine  proper.  The  licaii  is  eovcmi  liy  the  drltuid  ahiiic,  nr  .wmftime!.  bylhesupra- 
spinfttus  aLsio,  The  anh^capulnris.  (he  nnEerior  fibers  tff  the  coracobrachial  i^.  an<J  the  short 
hrad  of  the  bicep?  arc  much  stretched  ;  the  long  lendnn  of  the  biceps  follows  the  humcni!. 
The  subscapulari*  may  be  seporaled,  or  may  lear  off  the  lesser  Inberosity.  The  greater 
lubenjMly  nl>o  is  uccnsionally  Ccim  ofT  |  Fig.   299). 


VVj&,  Xf).  30a, — Subspinous  dislocation  of  the  humerus  (SI.  Thomas'i  Museum,  Londoal. 

Symptoms, — Snftroracoiii  Dislocation. — The  shoulder  is  depressed, 
the  ami  abducted  and  externally  rotated.  The  axi.s  of  the  humerus 
extends  from  above  downward,  backward,  and  outward.  The  infra- 
clavicular fossa  is  flattened,  the  anterior  wall  of  the  axilla  vertically 
deepened,  and  a  prominence  corresponding  to  the  position  of  the  head 
of  the  humerus  occupies  its  outer  part.  The  axillaiy  folds  are  slack- 
ened and  Ihc  cavity  shallowed.  The  shoulder  is  flattened  on  its  pos- 
terior and  outer  aspect,  while  the  acromion  projects  with  angular  outline. 
From  Uie  latter  the  deltoid  descends  vertically  and  met^s  the  slanted 
humerus  at  an  angle.  The  forearm  is  usually  fle.\ed,  pronated,  and 
supported  by  the  opposite  hand.  On  palpation  the  head  can  be  felt  in 
the  .axilla,  as  the  arm  hangs  also  beneath  the  anterior  axillar>-  wall. 
The  acromion  is  readily  traced,  and  the  deltoid  beneath  is  in  a  state  of 
hollow  tension  over  the  empty  glenoid  cavity.  On  manipulation  the 
arm  is  rigid,  adduction  is  limited  and  only  to  be  made  by  the  employ- 
ment of  considerable  force,  and  both  adduction  and  flexion  are  very 
painful.  On  measurement  little  difference  is  to  be  made  out,  although 
the  head  of  the  humerus  is  at  least  ^  inch  lower  than  normal,  the  actual 
shortening  being  obscured  by  the  obliquity'  of  the  axis  of  the  shaft. 
The  axillarj-  circumference  is  increased  by  at  least  an  inch  (Fig.  JOI). 

.\s  alreadj'- obsened.  the  head  ma>-  take  up  a  more  internal  position 
and  still  be  in  close  relationship  to  the  coracoid  process.  Under  these 
circumstances  the  axis  of  the  humerus  is  more  obhque.  so  that  the 
abduction  is  apparently  less,  while  the  angle  formed  by  the  meeting  of 
the  deltoid  and  humerus  is  more  marked.  The  head  rests  more  deeply 
and  palpably  internal  to  the  coracoid  process ;  hence  it  is  not  so  prom- 
inent antcriorlv',  nor  can  it  be  felt  in  the  axilla  without  abducting  the 
arm.  There  is  internal  rotation.  .Actual  ctepttus  ma\'  be  present,  due 
to  firactun:  of  the  great  lubetosity.  and  the  limb  is  more  movable  as  a 


SPECIAL   DISLOCATIONS. 


613 


result  of  the  freer  laceration  of  the  capsule  and  other  soft  structures 
(Fig.  302). 


FlQ.  301. — Subcoracoid  dislocation  or 
the  humerus  (Sl.ThoniBs'i  Museum,  Iad- 
doD). 


Fid.  30^  — Subdorncoid  di^iin\ni"n  I't  iln? 
humerus ;  fre?  abduciion  aod  internal  rouitiou 
of  shufi  due  10  eoexisient  (raciurr  of  ihe  grenler 
lubetoiily  <m,  Thomas's  Museum.  London). 


SaMaficular. — This  rare  dislocation  is  merely  an  increase  in  degree 
of  the  displacement  last  described.  The  head  of  the  humerus  travels 
so  far  inward  that  no  abduction  is  apparent ;  in  fact,  a  finger  can  with 
difficulty  be  inserted  into  the  axilla.  The  axillary  folds  are  much 
slackened ;  the  head  may  be  apparent  if  the  pectoralis  major  is  not 
highly  developed  or  is  torn,  and  can  be  felt  beneath  the  clavicle  inter- 
nal to  the  coracoid  process.  Free  mobility  and  possible  crepitus  are 
naturally  still  more  characteristic  of  this  variety  than  the  last.  In  rare 
cases  the  arm  has  assumed  a  position  of  abduction  at  a  right  angle. 

Sub^iiiioiii. — As  already  remarked,  this  is  the  initial  stage  of  most 
anterior  dislocations  due  to  indirect  violence,  especially  when  ihc 
abduction  is  continued  to  hyperelevation  (as  in  a  fall  through  a  manhole 
with  upstrctched  arms),  under  which  circumstances  the  arm  sometimes 
retains  its  false  position,  the  axis  of  the  humerus  coursing  more  or  less 
directly  upward.  The  forearm  is  then  flexed,  the  hand  cither  resting 
on  the  head  or  supported  by  the  sound  limb  (liixafio  credo).  The 
retention  of  the  subglenoid  position  appears  to  depend  on  opposite 
conditions  in  different  cases:  in  some,  on  a  narrow  slit  in  the  capsule; 
in  others,  on  very  free  laceration  of  the  capsule  and  muscular  insertions. 

In  typical  cases  the  shoulder  is  much  depressed  and  the  scapula 
advanced.  The  arm  is  vcr>'  strongly  abducted,  the  real  abduction  of  the 
humerus  Ixing  greater  than  the  apparcnl,  since  it  i.s  lessened  by  the  rota- 
tion of  the  angle  of  the  scapula  toward  the  spine,  which  accompanies  the 
depression  of  the  shoulder.  The  anterior  wall  of  the  axilla  is  widened ; 
there  is  no  prominence  below  the  coracoid  process,  and  the  hollow  of 
the  axilla  is  obhteratcd.     The  acromion  projects  strongly,  and  there  is 
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much  flattening  of  the  deltoid  area.  On  palpation,  the  head  of  the 
humerus  is  felt  in  the  axilla,  perhaps  a  little  nearer  to  the  anterior 
or  posterior  wall  respectively.  The  hollow  tension  of  the  deltoid  is 
extreme.  On  manipulation,  the  arm  may  be  swayed  a  little  forward 
or  backward,  but  adduction  is  strongly  opposed  and  extremely  painftii. 
While  the  arm  remains  abducted  there  may  be  no  elongation;  but 
when  adducted  in  the  process  of  reduction,  lengthening  may  amount 
to  as  much  as  an  incii.  The  axillary  vessels  and  nerves  arc  often 
compressed. 

Subspinous. — As  in  the  anterior  dislocation,  the  degree  of  inward 
displacement  varies.  As  a  rule,  however,  the  head  of  the  humerus 
does  not  pass  further  inward  than  the  junction  of  the  spine  and  acro- 
mion process,  Deformity  is  often  not  so  marked  as  in  the  other  dis- 
locations, as  a  result  of  swelling  of  the  soft  parts  due  to  the  direct 
nature  of  the  violence  occasioning  the  liispl  a  cement.  The  shoulder 
is  much  broadened  exlcrnally,  and  a  little  flattened  anteriorly.  The 
arm  is  slightly  flexed,  abducted,  and  rotated  inward;  the  forearm  is 
pronated.  The  direction  of  the  axis  of  the  humerus  is  downward,  for- 
ward, and  outward.  On  palpation,  the  head  can  be  felt  beneath  the 
junction  of  the  spine  and  acromion,  especially  if  the  flexion  of  the  arm 
is  somewhat  increased.  There  is  hollow  tension  of  the  deltoid,  and 
occasionally  the  anterior  margin  of  the  glenoid  cavit>'  can  be  made  out. 
Both  the  acromion  and  coracoid  processes  are  more  readily  traced 
than  norniai,  if  the  swelling  is  not  loo  great.  All  movements  are  very 
painful,  especially  attempts  at  supination  of  the  forearm.  The  result 
of  measurements  is  very  variable. 

IttfraspinoHS. — In  the  verj-  rare  infraspinous  ^-ariety  the  broaden- 
ing of  the  shoulder  is  extreme.  As  in  the  subclavicular  varietj'.  the 
inward  position  of  the  head  brings  the  arm  against  the  trunk  and 
obscures  the  real  amount  of  abduction.  Flattening  between  the 
acromion  and  the  coracoid  process  is  more  marked,  and  the  infracla- 
vicular fossa  is  deepened  and  sometimes  crossed  by  the  tense  short 
head  of  the  biceps  and  coracobrachialis.  The  head  of  the  humerus  is 
readily  felt  below  the  scapular  spine. 

In  old  dislocalions  Ihe  abducltd  pcHalion  is  Itss  mirkcil,  having  undei^oc  gndnal  mt- 
nclioD  as  ■  rrsult  of  the  wriglil  of  ihe  dcpendcnl  inn.  On  ihc  ulhrr  hand,  the  dtsappeai- 
aiHT  of  i'arclUni;  and  ihc  almphyof  the  dciloid  give  maiked  prominence  to  Iheacnmiian  and 
«inu»id  (inveises,  »epaialed  bv  a  \enical  gmovc  anlnioiti',  and  to  ibe  hod  on  the  dorvum 
ti  ibc  acapnia. 

SHpracfractiui. — In  spite  of  its  raritj-,  the  occurrence  of  this  dislo- 
cation has  been  fairh-  established :  therefore  a  word  must  be  added  as 
to  its  signs. 

The  arm  is  addttcttd.  slightly  extended,  and  rotated  out«rard.  There 
is  no  flattening  of  the  deltoid,  and  the  head  forms  an  anterior  pnmi- 
ncnce  between  the  acromion  and  coracoid  processes,  where  its  presence 
can  be  dctennined  by  palpation,  and  where  a  slight  hollow  beneath 
ihe  acromion  exists  behind  it,  in  which  the  posterior  margin  of  the 
glenoid  ca\it>-  can  be  sometimes  felL  The  coracoid  process  is  difficult 
to  distinguish,  and  may  be  fractured ;  in  this  case  crepitus  is  present. 

Diaxoosis. — One  or  imo  points  relating  to  the  tn\'estigation  of 
diouldcr-dtslocatiom  in  gcncial  may  be  &Rt  noticed     I.  "Hk  direc- 
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tion  uf  the  axis  of  the  humerus  is  the  cardinal  indication  of  the  posi- 
tion of  its  head;  and  it  may  be  further  noted  that  the  direction  of  the 
articular  surface  of  the  head  corresponds  with  that  of  the  internal  cpi- 
condyle.  In  all  dislocations  of  the  humerus  except  the  rare  supra- 
coracoid,  the  shaft  of  the  bone  is  in  a  position  of  abduction,  even  if  it  be 
obscured  by  the  free  passage  of  the  head  on  to  the  anterior  or  posterior 
aspect  of  the  trunk.  2.  As  a  result  of  the  absence  of  the  prominence 
of  the  head  beneath  the  acromion,  a  straight  edge  applied  to  the  outer 
aspect  of  the  limb  will  rest  on  the  acromion  and  external  epicondyle. 
3.  The  axillary  circumference  is  increased  when  the  measure  is  carried 
around  at  the  level  of  the  junction  of  the  spine  and  acromion.  4.  The 
position  of  abduction  of  the  humerus  vitiates  any  measurements  carried 
from  the  acromion  to  tile  external  cplcondj-le ;  hence,  these  are  of 
little  diagnostic  aid. 

The  discrimination  of  the  different  varieties  depends  on  careful 
investigation  for  the  signs  just  enumerated. 

The  diffeFtutial  dia^ptoUi  in  ca^e^  of  aeFcre  cDntusion  is  lo  be  made  by  the  e](cLu^<ioii  of 
signs  of  displncemcnt,  nnd  nlways  with  ihe  aid  of  an  anestlictic  when  any  doubl  exists. 
Contusion  Accompanied  hy  paresis  nf  the  deltoid  may  slightly  simulate  a  dii^locatjoti  whea 
the  primary  swelling  has  disappeared.  Here,  however,  no  sign  of  dislocation  e>ccpl 
advancement  of  the  head  eiist*.  atid  this  can  be  generally  corrected  by  lifting  the  elbow. 

Certain  fractures  may  give  rise  to  difficulty.  It  must  be  liist  borne  jn  mind  thai  fiuclure 
of  a  tnbetosity  may  accompany  a  dislocation.  If  this  be  the  case,  the  vorialions  of  the  typical 
signs  of  dislocation  will  be  the  addition  of  crepitus,  possibly  marked  local  tenderness,  a  ten- 
dency to  (ecurtence,  and  abnormal  tolntion  of  the  long  aii-i  of  the  shaft.  Fracture  of  lie 
neck  of  (he  scapula,  of  the  neck  of  the  hunicnis,  or  separation  of  the  upper  humeral  epi- 
physis may  be  eiciuded  by  remembering  that  in  all  dislocations  the  head  leaves  its  po<:i(ion 
bcneBth  the  acromion,  and  that  the  axis  oC  the  humerus  is  one  of  abduction.  In  all  three 
fractures,  the  head  is  in  position,  the  arm  is  adducted,  and,  in  addition,  the  deformitv  exist, 
tng  is  umally  reduced  with  case,  and  lelutns  on  relea^ng  the  limb.  An  impacted  fracture 
of  the  neck  may  offer  more  trouble  ;  but  here  the  anterior  swelling  is  lower,  and  no  hollow 
etisli  beneath  tbe  acromion. 

Care  is  sometimes  neces.sary  also  in  young  children  not  to  confuse 
a  forward-hanging  head  in  ca.ses  of  infantile  paralysis  with  palsy,  or  a 
congenital  dislocation  with  a  recent  injury.  In  either  condition  the 
mobility  of  the  small  nialplaced  head,  readily  returning  to  its  false 
position  when  released,  together  with  the  state  of  the  muscular  devel- 
opment of  the  limb,  will  be  sufficient  to  ensure  against  a  mistake. 

Prognosis. — As  to  immediate  reduction,  these  dislocations  seldom 
prove  intractable;  but  some  difficulty  is  often  experienced.  The  sub- 
clavicular variety  is  the  most  troublesome,  sometimes  proving  irreduci- 
ble, and,  as  a  result  of  the  extensive  injury  to  the  soft  parts,  often  being 
difficult  to  retain  in  position.  The  latter  difficulty  most  commonly 
depends  on  great  laceration  of  the  capsule ;  and  it  is  met  with  also  in 
the  subspinous  and,  occasionally,  other  forms.  In  all  varieties  a 
tendency  to  ready  recurrence  on  slight  injury  or  incautious  movement 
is  sometimes  observed. 

The  prognosis  may  l>e  nuilerially  inllucneed  by  concurrent  injuries.  Of  these,  conligtioui 
fmcturr,  n*  .>(  the  tubemsilirs,  will  give  rise  lo  difficulty  in  reduction  and  in  retaining  the 
joinl-eu'ls  in  accurate  position,  an<l  later  the  movement  of  the  joint  niav  be  limiied  cither 
n  ■  tFHilt  of  inexact  union,  the  presence  of  abundant  callus,  or  non-union  on  the  pari  of 
the  fragments,  .\gnin,  a  fracture  in  the  vicinity  may  ofTrr  sert'tus  obstacles  to  reduction. 
lojUTv  to  the  aiiElary  vr^*eU  or  their  branches  may  al^io  be  a  serious  complication,  but  for- 
tunalcly  it  is  tare.  Uf  the  nerves,  the  eircumficn  rooit  (rci|uently  suflers.  and  Ihe  resulting 
deltoid  parvljTHK  \%  a  moM  untoward  event. 
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When  unreduced,  subsequent  changes  already  dwelt  upon  occur 
in  the  joint,  and  in  the  absence  of  pressure- symptoms  a  fairly  use- 
ful limb  may  be  attained.  The  weight  of  the  limb  brings  the  arm 
to  the  side,  and  gradual  increase  of  range  of  movement  is  obtained 
by  exercise.  The  subclavicular  and  the  supracoracoid  are  the  most 
marked  exceptions  to  this ;  while,  as  a  general  rule,  a  more  useful  limb 
is  obtained  in  the  case  of  the  anterior  than  the  posterior  displacement, 
since  a  better  new  joint-cavity  is  developed.  In  the  subspinous  dislo- 
cations the  head  rests  less  directly  on  the  bone,  and  the  spine  of  the 
scapula  does  not  ofler  such  satisfactorj'  support  above  as  does  the 
coracoid  process.  In  other  cases  the  persistence  of  the  displacement 
is  accompanied  by  great  pain  from  nerve-pressure,  especially  in  the 
subclavicular  variety,  and  is  followed  by  gradual  wasting  of  the  muscles 
and  fixation  of  the  joint. 

Attempts  at  reduction  are  justifiable  in  suitable  cases  as  late  as  the 
end  of  twelve  months,  but,  as  a  rule,  six  to  eight  weeks  may  be  given 
as  the  limit  of  the  period  in  which  they  are  likely  to  be  successful. 

Treatment. — If  the  patient  conies  under  immediate  observation,  an 
anesthetic  may  often  be  dispensed  with  as  unnecessary;  in  other  cases 
it  may  be  inadvisable  on  general  ground.s,  the  more  so  as  anesthesia 
needs  to  be  deep  to  be  useful.  If  the  dislocation  has  already  existed 
some  hours,  or  if  the  patient  is  ner\-ous  or  of  strong  muscular  devel- 
opment, anesthesia  is  advantageous,  and  often  nece.ssary. 

A  verj'  large  number  of  methods  of  reduction  have  been  employed, 
and  of  the.se  a  few  of  the  mo.st  apparent  general  utility  will  be  given. 
It  may  be  premised  that  in  all  methods  one  of  the  most  important  ele- 
ments is  the  fi.xation  of  the  scapula.  The  scapula  may  be  fixed — first, 
by  pressure  on  the  part  of  an  assistant  over  the  acromion  process  and 
clavicle,  the  patient  being  either  in  the  sitting  or  recumbent  po.sition ; 
secondly,  by  applying  a  sheet  carried  well  up  to  the  axilla,  the  two 
ends  being  held  by  an  assistant  standing  on  the  opposite  side  of  the 
body;  thirdly,  by  dragging  on  the  opposite  arm,  which,  by  making  tense 
the  trapezius  of  the  opposite  side,  provokes  contraction  of  the  muscle  on 
the  injured  side;  and  lastly,  but  less  efficiently,  by  simply  placing  the 
patient  in  the  recumbent  supine  position.  In  all  the  methods  of  reduc- 
tion, use  is  made  of  the  humerus  as  a  lever.  This  bone,  by  reason  of 
its  length  and  strength, is  capable  of  exerting  great  power;  and  in  this 
respect  it  is  well  to  bear  in  mind  that  in  some  of  the  so-called  manipu- 
lative methods,  the  leverage  exerted  is  so  great  as  to  effect,  if  injudi- 
ciously used,  more  serious  local  injury  than  tho.sc  methods  of  exten- 
sion that  are  generally  regarded  as  more  violent  in  their  nature. 

Mfthods. —  1.  Abduction  of  the  arm  with  direct  digital  pressure  on 
the  head  from  the  axilla,  combined,  if  necessary,  with  moderate  traction 
and  rotatory  movements.  Rotation  should  fir.st  be  made  in  an  external 
direction,  and  be  followed  by  internal  rotation  and  adduction.  This 
method  is  well  adapted  for  the  reduction  of  subcoracoid  dislocations  in 
weakly  developed  persons  and  in  the  young. 

2.  The  same  procedure,  but  with  increase  of  the  movement  of  abduc- 
tion to  hyperelevation,  the  .scapula  being  fixed.  This  is  especially 
suitable  to  some  cases  of  subglenoid  dislocation,  particularly  those 
with  slight  abduction  of  the  arm. 
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3.  Manipulation-  hy  Kocher's  Method. — The  patient  is  beat  recum- 
bent, but  the  maneuvers  can  be  carried  out  in  the  sitting    position. 

First  Stage. — An  assistant  stands  behind  and  fixes  the  scapula  by 
pressure  on  one  or.  better,  both  acromion  processes.  The  surgeon 
grasps  the  patient's  forearm  above  the  wrist  with  one  hand,  and  the  arm 


Fig.  303. — Position  preparaiory  to  making  traction  and  direct  pressure. 

at  the  elbow  with  the  other ;  the  abducted  limb  is  then  carried  against 
the  trunk  and  pressed  firmly  down.  This  corrects  the  direction  of  the 
axis  of  the  humerus  and  puts  the  upper  and  outer  part  of  the  capsule 
on  the  stretch  <Fig.  304), 


FUi.  304. — CorTccItoo  of  otMlucliiin. 

Second  Stage. — The  arm  being  held  firmly  to  the  trunk,  the  forcann 
Is  carried  by  external  rotation  of  the  humerus  nearly  into  the  frontal 
plane  of  the  trunk.  This  utilizes  the  tcn.sion  of  the  intact  part  of  the 
capsule  in  bnnging  the  head  outward,  and  causes  the  rent  to  gape;  it 
also  disengages  the  groove  on  the  anatomical  neck  from  its  position  on 
the  margin  of  the  glenoid  cavity  (IHg.  305). 
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Third  Stage. — The  ami  is  carried  across  the  bodj-  in  the  frontal 

plane  and  intL-mally  rotated.  This  brings  the  cartilagc-clad  portion  of 
the  head  opposite  the  gap  in  the  capsule;  and  llie  head  should  now 
enter  the  glenoid  cavity  (Fig.  306).  It  will  be  observed  that  the  stage 
in  which  the  greatest  care  is  necessary  not  to  employ  excessive  force  is 
that  in  wliich  external  rotation  is  made.  The  method  is  applicable  to 
all  anterior  dislocations ;  but  in  the  case  of  the  subclavicular  it  must 


Flc,  305. — Adduction  .ind  ttlcmal  roiAiton, 

be  preceded  by  traction  to  draw  the  head  outward,  practically  into  a 

subcoracoid  position. 

4.  Manual  Extension  ivith  thf  Hed  in  the  Axilla. — The  patient 
reclines,  while  the  scapula  is  fixed  by  a  towel  passed  over  the  acromion 
and  held  by  an  assistant  on  the  other  side.  The  surgeon  seats  himself 
on  the  edge  of  the  couch,  places  the  unshod  foot  in  the  axilla  of  the 
patient,  and,  grasping  the  forearm  just  above  the  wri.st,  makes  steady 
traction,  at  fir>;t  in  the  axis  of  the  displaced  bone,  gradually  bringing 
the  limb  around  the  fulcrum  offered  by  the  heel  inward.  This  opens 
the  slit  in  the  capsule  at  the  same  time  that  the  head  is  carried  outward ; 


Fig.  306. — Adduciion.  flexion,  atitl  iniemal  rotation. 

and  the  head  is  usually  drawn  by  the  muscles  into  position.  A  move- 
ment of  rotation  at  the  termination  of  the  maneuver  may  be  useful. 
This  method  can  he  carried  out  without  assistance,  and  is  very  gener- 
ally useful.     At  the  .same  time  it  must  be  borne  in  mind  that  the  heel 
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in  the  axilla  has  been  responsibie  for  many  of  the  complications  seen  in 
the  reduction  of  shouldur-dislocations.  particularly  injuries  to  the  vessels, 
5.  Ex/tiisii'ii  -jL-ilk  the  Kucc  in  the  Axil/a. — The  patient  sits,  the  sur- 
Sjeon  standing  behind  him  and  placing  his  foot  on  the  stool.  Traction 
is  then  made  by  an  assistant,  the  surgeon  manipulating  the  head  with 
one  hand,  while  direct  downward  pressure  is  made  on  the  acromion 
with  the  other, 

6.  IhftrtxtrttiioH. — Thii  is  not  n  good  method  for  general  applicstion,  ns  il  is  liable  to 
ouse  considerable  laceration  of  the  soft  structures.  Il  may  be  appbed  by  placing  the  [latienl 
in  the  tecumljcnt  |ioSLl!on.  The  surgeon  stands  at  the  heatt  <tf  the  couch,  and  grasps  the 
limb  with  fioih  hands ;  Iher,  placinj"  the  hollow  of  the  fool  on  the  acromion  process,  he 
makes  cilension,  which  is  carried  10  a  needful  degree  of  hyperelevatioii.  Another  method 
i(  (he  50-calIe<!  "  pfiiJulum  melhml.'''  in  whith  the  pnlieni  lies  on  the  floor  on  the  uninjuted 
side.  The  injured  arm  is  (hen  grasped  aiid  itac6on  made,  Ihe  weight  of  the  body  servini; 
as  couDle  rex  tension. 

Any  of  these  purely  manual  methoils  may  be  combined  with  traction  by  pulleys;  or  in 
very  obstinale  or  old  coses  the  whole  method  may  be  vancd.  pulleys  being  employed  for  pur- 
piies  of  eilension,  while  counterei tension  is  obtained  by  one  towel  carried  around  Ihe  axilla 
and  another  aniund  the  body  to  ^i^  the  scapula.  The  direcdous  given  as  to  ancillary  move- 
ments of  manipulation,  of  course,  apply  ei|ually  here. 

Posterior  displacements  arc  best  treated  by  one  of  the  citenfiioB  methods. 

After  reduction,  a  smalt  pad  should  be  placed  in  the  axilla,  the  fore- 
arm flexed,  and  the  arm  finnly  bandaged  to  the  side.  At  the  end  of  a 
week  a  shng  may  be  substituted  for  the  bandage,  and  slight  movements 
cautiously  made.  These  may  be  increased  during  the  next  few  weeks, 
and  combined  with  warm  bathing  and  massage.  It  must  always  be 
remembered  that,  on  the  one  hand,  these  dislocations  arc  liable  to  be 
readily  followed  by  stiffness  and  atrophy  of  muscles,  if  not  treated 
with  sufficient  care  as  to  movement ;  while,  on  the  other  hand,  too  free 
movements  tend  to  the  development  of  a  widened  capsule — so  often  a 
source  of  permanent  weakness  and  tendency  to  recurrence.  Imme- 
diate recurrence  or  recurrence  during  the  first  days  is  rare.  It  depends 
either  on  careless  movements  of  the  patient,  the  limb  being  insecurely 
fixed,  on  great  laceration  of  the  tissues,  detachment  of  the  tuberosities, 
or  possibly  on  the  collection  of  a  large  amount  of  synovial  and  san- 
guineous effusion. 

In  a  small  proportion  of  cases  a  dislocation  is  followed  by  the 
acquisition  of  so  marked  a  tendency  to  recurrence  that  displacement 
becomes  habitual  on  the  slightest  uncontrolled  movement  of  abduc- 
tion. For  this  condition  the  treatment  is  strict  limitation  of  movement 
by  the  constant  use  of  suitable  braces,  or  an  incision  with  shortening 
of  the  capsule  by  excision  of  the  stretched  portion. 

Compound  and  Complicated  Dislocations.  —  The  former  are 
extremely  rare.  As  a  rule,  they  demand  conser\'ative  treatment 
only;  but  a  limited  excision  may  be  useful  to  facilitate  reduction 
and  ensure  future  drainage. 

The  (jucslion  of  complication  by  fracture  of  Ihe  slmfi  of  Ihe  hone  has  been  already 
alludcil.  Mention  should  he  made  of  Mcliumey's  milhoil  of  exposing  the  lower  end  of 
the  ii|.i|Kf  fragment  and  inwning  a  hook  into  it,  by  which  iraclion  was  made  and  the  disloca- 
fion  suceeufullv  reduced. 

If  the  axillary'  artery  or  vein  has  been  injured  and  a  diffuse  trau- 
matic aneur>-sm  has  develof>cd.  the  only  treatment  is  free  opening  up 
of  the  axilla  by  division  of  the  pectoral  muscles,  rapid  clearance  of  the 
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clot,  and  search  for  the  bleeding  point,  the  third  part  of  the  subclavian 
being  meanwhile  compressed.  The  success  of  this  formidable  opera- 
tion depends  entirely  on  freedom  of  incision  and  rapidity  of  procedure. 
When  the  axilla  is  opened  up,  direct  pressure  on  the  axillary  vessels 
may  take  the  place  of  the  less  efficient  proximal  compression  of  the 
subclavian. 

Old  Dislocations. — The  same  methods  of  reduction  arc  available; 
but  we  must  bear  in  mind  the  changes  which  have  occurred,  such  as 
the  formation  of  adhesions,  particularly  of  the  capsule  to  the  glenoid 
cavity,  the  shortening  of  some  parts  of  the  capsule  and  surrounding 
structures  and  the  corresponding  lengthening  of  others,  and  even  the 
thickening  and  loss  of  contour  of  the  bone-surfaces.  Any  method  of 
reduction  must  be  preceded  by  free  passive  movements  in  all  directions, 
to  break  down  adventitious  adhesions.  Kocher's  manipulations  may 
then  be  tried,  followed  by  extension  methods  if  necessary;  but  the 
external  rotation  in  Kocher's  method  must  be  cautiously  employed,  to 
avoid  fracture  of  the  humerus  from  torsion,  which  has  several  times 
occurred.  Kfforts  have  been  successful  up  to  nine  and  even  twentj-one 
months,  but,  as  a  general  rule,  six  months  is  the  latest  hopeful  limit. 

In  deciding  on  a  trial,  several  points  must  be  fully  considered;  and 
these  are  not  the  less  to  be  kept  in  mind  in  the  C3rr>-ing  out  of  the 
necessary  manipulations,  some  cases  naturally  allowing  of  a  much  more 
forcible  treatment  than  others.  These  points  may  be  grouped  shortly 
as  follows  :  i.  The  degree  of  usefulness  of  the  limb ;  2.  The  age  and 
occupation  of  the  patient ;  3.  The  condition  of  the  blood-vessels ;  4. 
The  existence  of  evidence  of  nerve-pre.ssure ;  5.  The  degree  of  previous 
inflammation  which  may  have  existed;  6.  Whether  the  original  injury 
was  complicated  by  fracture. 

Loss  of  function  and  pain  are  the  most  pressing  indications  for 
interference,  and  under  these  circumstances  any  of  the  above  methods 
may  be  inadequate,  and  an  operative  method  may  be  demanded.  Sub- 
cutaneous incision  may  be  passed  over  with  a  word,  as  seldom  likely  to 
be  of  definite  use;  but.  occasionally,  persistent  deformity  and  pressure- 
symptoms  may  be  relieved  by  altering  the  axis  of  the  limb  by  means 
of  subcutaneous  o.steotomy.  Open  incision  and  repo-sition  are  suitable 
to  some  cases  in  which  the  dislocation  is  of  short  standing;  and  it  may 
be  combined  with  pegging  or  suture  of  the  great  tuberositj',  if  this  is 
loose  and  leads  to  difficulty  in  keeping  the  bone,*  in  apposition.  Excision 
of  the  joint  has  proved  very  successful  in  cases  in  which  nen'e-pressure 
and  deficiency  in  movement  are  prominent  features.  No  more  than  the 
articular  portion  of  the  head  needs  removal  in  the  majoritj-  of  instances. 
In  deciding  to  adopt  this  treatment,  the  temperament  of  the  patient 
needs  especially  careful  consideration,  since  no  good  result  will  be 
obtained  unless  suflicient  capacity  exists  for  the  endurance  of  a  con- 
siderable amount  of  suffering  in  the  after-treatment  b>-  passive  exercise. 

Lastly  must  be  enumerated  the  accidents  whidi  have  happened 
during  trials  at  reduction  of  dislocations  of  the  shoulder.  They  art 
placed  here  because  it  is  in  old  dislocations  that  the  majoritj-  of  them 
have  occurred.  These  are  shortly :  1.  Severe  contusion  of  the  soft 
parts,  perhaps  followed  by  cellulitis ;  3.  Great  subcutaneous  laceration 
of  the  capsule  and  muscles;   3-  Laceration  of  the  blood-\-esse!s.  eqie- 
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cialty  the  tearing  of  one  of  the  lateral  branches  of  the  axillary  artery 
by  the  heel  in  the  axilla ;  4.  Injury  to  the  nerves  of  the  brachial  plexus ; 
5.  Fracture  of  the  humerus,  or  ribs;   6.  Avulsion  of  the  limb. 

Radius  and  Ulna. — The  elbow-joint  offers  the  most  complicated 
bony  surfaces  for  contact  of  any  articulation  in  the  body,  while  bony 
apophyses,  projecting  on  either  side,  give  increased  power  and  range 
of  actioti  to  the  muscles  which  act  upon  it. 

Its  ilabilily  depends  on  lh«  depth  of  ihc  sigjnind  caviiy  of  the  uioa.  (lie  more  importsnt 
of  the  two  bones  of  the  foreann  laLing  part  in  the  nrliciilDIion  ^  it  depends  nL^o  upoQ 
(be  ifres)  Mtength  of  ili  lateral  li|;iimcnt-s.  and  the  support  given  by  >he  irieeps  behind,  the 
bncliialis  amicus  in  front,  and  the  Heior  and  eklensor  muscles  of  Ihe  forearm  on  either 
side.  The  i^pecinl  characteristics  uf  dislocations  of  the  etbuw-joint  depend  un  the  num- 
ber of  separate  promin^ncc.''^  olfered  by  Ihe  bones,  and  on  the  fact  Ihat  Ihe  movements  of 
(he  joint  are  for  Ihe  mo^l  |>at(  liini(ed  by  aclual  buny  conlaci  of  some  one  •<{  (hcic  prticeues 
on  Ihe  corresponding  cavity  .if  rpceplion.  The  presence  of  a  number  of  bony  prominences 
accounts  for  the  frequency  with  which  these  dislcvcatinns  are  accompanied  bv  fracture,  while 
(he  processes  often  form  ihc  abnormal  fulcrum  by  which  (he  bones  are  levered  out  from 
(heir  proper  rela  lion  ship. 

Frequency  of  Occurrence .^In  (he  Si.  Thomas's  series  of  S12  dislocalions.  15S  of 
(he  elbow  occurred,  fomiiiig  a  ratio  of  19.45  F*''  tent,  of  Ihe  whole  number.  In  Krfliilein's 
series  of  400.  itv^  occurred,  ur  27.2  per  cent.  The  dislocalion  therefore  stands  second  in 
order  of  relative  frequency. 

Causation  and  Classification. — In  no  other  joint  is  the  inilucnce  of  sex  and  age  so 
indmalfly  i:ipimecled  with  Ihe  concurrence  of  <lisloc.iliun  as  in  the  elbow.  Thus  in  our 
(able  of  158  dislocations.  136  were  in  males,  and  only  a  in  females ;  in  7  the  age  was 
tmstated.  bu(  of  Ihc  remainder.  41  occurred  between  Ihe  ages  of  hve  and  ten,  79  between 
the  ages  of  len  and  twenty,  leaving  only  31  to  be  distributed  in  steadily  increasing  infre- 
qoency  over  the  next  four  decades. 

In  children  the  shallowness  of  the  cavities  of  reception  and  the  carTes|>onding  want  of 
prominence  of  ihe  processes  allow  dislocation  10  occur  more  readily  (  Baidenhetier).  Again, 
the  mode  of  development  of  the  lower  hluneral  epiphvsis  predisposes  to  dislocalion  by  o^er- 
iog  special  opportunities  for  epiphyseal  separation,  the  centers  of  ossification  being  multiple. 
Considering  Ihe  frei^uency  with  which  separation  of  one  of  Ihe  condyles  occurs  with  disloca- 
tion, (his  is  a  point  of  much  importance.  Tt  must,  however,  be  borne  in  mind  thai  separa- 
tion of  the  lower  epiphysis,  as  a  whole,  ofien  saves  the  elbow-joint  from  injury. 

The  great  majority  of  the  dislocations  arc  due  to  indirect  \'iolence, 
and  result  from  falls  on  the  e.\tended  pronated  hand  spread  out  to  save 
the  trunk  from  sudden  impact  with  the  ground.  With  a  fully  extended 
forearm  the  elbow-joint  usually  escapes  injury ;  but  if  a  slight  degree 
of  flexion  exists,  dislocation  often  occurs,  and  most  frequently  in  a 
backward  direction.  The  latter  may  be  further  influenced  by  abduc- 
tion and  rotation  of  the  arm  due  to  the  continuing  movement  of  the 
trunk  either  forward  or  backward  as  it  travels  to  the  ground,  while 
the  hand  remains  a  fixed  point.  More  rarely,  violent  abduction  or 
adduction  gives  rise  to  rupture  of  the  e.'cternal  or  internal  lateral  liga- 
menLs,  or  to  separation  of  the  corres[>onding  cpicondyles,  with  conse- 
quent displacement  of  the  bones  of  the  forearm  in  the  opposite  direc- 
tion to  the  lateral  rupture.  Again,  dislocation  may  result  from  hypcr- 
cxtcnsion  or  forcible  rotation,  the  latter  especially  in  machinery  acci- 
dents. Direct  violence  applied  to  the  olecranon  process  or  to  the 
inner  side  of  the  flexed  forearm  may  give  rise  to  displacement  forward 
or  outward  respectiveh'. 

The  bones  of  the  forearm  may  pass  in  either  of  the  four  angular 
directions — backward,  fonvard.  outward,  or  inward.  Of  these,  back- 
ward is  by  far  the  most  common.  The  rarity  of  the  inward  displace- 
ments is  readily  explained  by  the  great  prominence  of  the  inner  edge 
of  the  trochlear  groove  and  the  projection  of  the  inner  epicondyle. 
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Except  in  the  case  of  the  backward  variety,  complete  dislocation  of 
the  bones  is  rare.  Of  our  1 58  cases,  the  direction  is  reported  as  follows: 
Backward,  Si  ;  back  and  out,  39;  outward,  16;  back  and  in,  j;  diver- 
gent, 3;  double,  1. 

Pathology. — The  injury  lo  the  bones  nnd  sofi  parts  is  briefly  as  follows  in  the  difleren' 

vfllietic!. : 

iliii-t:i-arJ  Diihrition, — The  coronoid  process  resis  iti  the  olcttaimn  fossa,  llie  radial 
head  b(rhin<J  the  capilellnm.  The  intenia!  epicondyle  mav  be  sepamlcd,  or  more  rarely  the 
coronoid  process  fraclured.  Tlic  omerior  part  of  the  cnpsule  is  compielely  lorn,  also  Ihc 
anlerior  parts  of  the  lateral  ligaments,  especially  the  inner.  The  orbicular  ligament  is 
unhurt,  atid  rhe  posterior  part  of  the  capsule  often  esca|>es  injury  also,  while  the  anterior  lorri 
portion  may  be  interposed  between  the  displaced  bones.  Of  the  muscles,  the  hracbialis  ami- 
cus sufTer^  must.  This  is  tense,  and  often  is  severely  lacerated.  The  biceps  is  less  tense. 
The  brachial  artery  is  coin(ircssed.  The  median  and  niusculospiral  nerves  are  slretihed. 
The  ulnar  usually  escapes  injury,  probably  as  the  result  of  lateral  disjilacemeni.  The  skin 
of  the  crease  of  the  elbow  sometimes  gives  way  when  the  accident  results  from  forcible 
hyperex tension.  The  displacement  is  occasionally  less  complete,  when  ihe  coronoid  process 
resb  against  the  trochlea  instead  of  occupying  the  olecranon  fossa. 

/•'uniiird  UUIoialirti. — The  end  of  the  olecranon  rests  on  the  front  of  (he  trochlea,  and, 
contrary  to  Ihe  opinion  at  one  time  held,  is  rarely  fraclured  and  left  behind.  The  renl  in 
the  capsule  is  very  extensive,  both  anlerior  and  posterior  aspecUi  being  murli  lorn.  The 
inlcninl  lateral  ligament  is  much  damaged,  the  external  less  to.  Fracture  of  one  of  (he 
processes  of  the  ulna  or  one  of  the  epicondvles  is  common. 

Lalrral  Dislotalions. — The  injury  in  ihese  cases  resembles  that  described  for  ihc  olhct 
varieties,  with  the  difference  that  the  corresponding  lalcml  ligament  suffers  more  completely. 
In  Ihe  outer  variety  there  is  often  much  iajurv  10  bony  processes,  and  the  ulnar  nerve,  or  less 
often  ihe  posterior  interosseous  nerve,  is  stretched  or  lorn.  The  sigmoid  cflviij-  rarely  passes 
beyond  the  capitellum. 

Di-.-ergrnI  Diilocalhn. — Tn  this  variety  the  articular  end  of  the  ulna  passes  backward, 
nnd  usually  is  a  little  nrtnted  inward.  The  head  of  Ihe  radius  lies  in  front  of  the  humerus 
also,  somewhat  internal  to  its  proper  posilioti,  as  well  as  loo  high,  l^he  main  feature  iii  the 
injury  lo  the  soft  parts  is  Ihe  complete  ruplure  of  all  the  ligoincnls,  including  even  the  orbicu- 
lar. In  Pilha's  case  the  coronoid  process  was  separated,  and  the  brachialis  and  biceps  were 
torn  from  their  insertions. 

The  frequency  of  co-eiisting  fracture  has  no  doubt  been  much  underrated.  In  the  St. 
Thomas's  series  z6  fractures  are  noted  thus;  Internal  condyle,  iS  ;  e»t(-mol  condyle,  31 
coronoid  pnicess,  i ;  .separation  of  lower  humeral  epiphysis,  i ;  ftacLure  of  radius,  r  ;  fract- 
ure of  ulnn.  1.  These  amount  (D  i6,  or  16.45  P*''  ''^"'-  "^  'he  whole  number ;  but  in  all 
probability  many  cases  were  overloolied. 

Symptoms. — In  bachivard  dislocation  the  elbow  is  slightly  flexed. 
usually  forming  an  angle  of  135  degrees.     The  flexion  is  accompanied 
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Fit;.  307,— Backward  and  outward  dislocalioQ  from  behind  (S(.  Thomas's  Museum,  London). 

by  some  abduction  in  the  majority  of  cases,  due  to  the  fact  that  the 
displacement  is  in  part  the  result  of  forced  abduction,  and  hence  not 
directly  backward.  Tension  of  the  pronator  teres  also  commonly  pro- 
duces some  pronation;   but  the  forearm  may  be  supine.     The  long 
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axes  of  the  arm  and  forearm  cross  each  other ;  the  forearm  is  short- 
ened, while  the  diameter  of  the  arm  above  the  elbow  is  increased.  The 
elbow-crease  is  pushed  down  and  prominent,  the  olecranon  and  internal 
epicondyles  are  prominent,  and  the  tense  triceps  is  sometimes  visible 
stretching  up  from  the  former  process.  On  palpation  the  olecranon  is 
prominent  and  projects  behind  and  above  the  internal  epicondyle.  The 
cup-shaped  radial  head  may  be  felt  posteriorly,  and  it  is  absent  from  its 
normal  position  beneath  the  external  epicondyle.  If  the  swelling  is 
not  great,  the  articular  surface  of  the  humerus  may  be  traced  in  the 
bulging  elbow-crease.  On  manipulation  all  movements  are  painful, 
and  are  made  in  an  abnormal  axis.  Pronation  and  supination  and 
flexion  to  a  right  angle  may  be  made  ;  but  practically  no  extension  is 
possible.     Abnormal  lateral  mobility  may  exist. 

Fm-toard  Dislocation. — This  displacement  is  ver}*  rare,  and  its  occur- 
rence without  coexisting  fracture  of  the  olecranon  has  been  doubted. 
In  point  of  fact,  however,  the  latter  complication  has  been  still  more 
rarely  recorded.  On  inspection  the  forearm  is  usually  found  flexed  to 
an  acute  angle,  but  it  has  been  seen  extended.  The  actual  length  of 
the  arm  is  decreased,  and  the  vertical  diameter  of  the  forearm  increased. 
The  epicondyles  are  prominent.  In  the  absence  of  the  olecranon,  the 
outline  of  the  posterior  surface  of  the  humerus  may  be  traced  on  pal- 
pation. Anteriorly,  the  coronoid  process,  and  even  the  sigmoid  cavity, 
may  be  felt.  On  manipulation,  the  forearm  may  be  somewhat  extended, 
but  the  amount  of  fle.xion  existing  cannot  be  increased. 

Oittward  Dislocation. — The  forearm  is  slightly  flexed,  the  radius 
usually  strongly  pronated,  as  the  head  generally  fails  to  maintain  its 
outward  position  and  passes  forward.  In  the  exceptional  instances  in 
which  the  radius  projects  outward,  the  forearm  may  be  supine.  The 
whole  joint  is  broadened,  and  if  the  radius  is  much  rotated,  the  vertical 
diameter  of  the  forearm  is  increased  also.  When  the  limb  hangs  by 
the  side,  the  forearm  is  seen  to  be  markedly  abducted.  The  inter- 
nal epicondyle  is  very  prominent.  If,  as  is  commonly  the  case,  the 
outward  displacement  is  combined  with  a  backward  one,  the  olecranon 
and  the  triceps  tendon  are  prominent,  and  also  abnormally  widely 
separated  from  the  internal  epicondyle. 

On  palpation  the  signs  will  differ  with  the  degree  of  external  dis- 
placement and  as  to  whether  it  is  combined  with  a  backward  one.  In 
the  pure  outward  cases  the  sigmoid  canity  usually  embraces  the  capi- 
tcllum.  The  radial  head  is  then  to  be  felt  a  little  anterior  and  external 
to  the  outer  epicondyle,  while  internally  and  behind,  the  internal  epi- 
condyle and  olecranon  fossa  may  be  traced,  and  the  point  of  the  olec- 
ranon is  removed  from  its  normal  proximity  and  relation  to  the 
former.  The  biceps  tendon  is  displaced  inward,  and  is  tense  and 
prominent.  If  the  inner  condyle  should  have  been  separated,  it  may 
lie  in  either  the  olecranon  or  coronoid  fossa,  and  the  trochlea  will  take 
its  place  as  the  mo.st  internal  landmark.  On  manipulation  rigidity  of 
the  flexed  joint  is  a  marked  feature.  There  may  be  symptoms  point- 
ing to  injury  to  the  ulnar  nerve,  which  is  particularly  exposed  to  press- 
ure, stretching,  or  laceration  in  a  displacement  of  this  varietj'. 

Dislocation  Inward. — The  elbow  is  slightly  flexed  and  markedly 
pronated.     As  the  limb  hangs  by  the  side,  adduction  is  sufficient  to 
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reverse  the  normal  angle  of  the  elbow,  the  angle  being  salient  outward, 

and  the  external  cpicondyle  prominent.  On  palpation  the  olecranon 
rests  beneath  the  internal  cpicondyle  and  obscures  it ;  tlie  outer  epicor- 
dyie  is  prominent,  and  the  capitcllum  is  to  be  felt.  The  head  of  the  radius 
must  be  searched  for  anterior  to  the  trochlea.  The  distance  between  the 
olecranon  and  the  eMemal  cpicondyle  is  much  increased  ;  the  latter  may 
be  separated.  Complete  dislocation  of  the  bones  inward  does  not  occur, 
but  inward  displacement  may  be  combined  with  a  backward  one. 

Divergent  Dislocation  (Ulna  Backward :  Radius  l-'nrward). — Tlie 
forearm  is  slightly  flexed,  and  rests  midway  between  pronation  and 
supination.  The  elbow-crease  is  obliterated,  and  filled  by  a  promi- 
nence due  to  the  position  of  the  head  of  the  radius.  The  vertical 
diameter  of  the  forearm  is  increased,  the  lateral  not.  The  whole  limb 
is  shortened ;  but  upon  measurement  the  individual  segments  are  found 
to  be  of  normal  length.  The  shortening  may  amount  to  from  i  to  3 
inches.  On  palpation  the  condyles  are  abnormally  proniincnt,  and 
parts  of  the  articular  end  of  the  humerus  may  be  felt  on  each  side. 
The  olecranon  is  above  its  normal  level,  but  often  approximated  to 
the  inner  condyle.  On  manipulation,  the  limb  is  very  rigid,  any  flexion 
particularly  being  opposed  by  the  head  of  the  radius.  Less  pronation 
and  supination  are  possible  than  in  any  other  variety. 

Diagnosis  of  Dislocations  of  the  Elbow. — A  determination  of  the 
particular    variety   of    dislocation   can    be   made   only   by   a   careful 


Fig,  308. — B^ckudrd  dii^location  of  mlius  and  ulna  (skiagraph  by  Slunley  F.  Kent  and 

Edwin  Wliitel, 

consideration  of  the  distinctive  features  of  each  as  above  detailed; 
but  it  must  be  borne  in  mind  that  the  various  signs  on  inspection 
and  palpation  arc  often  much  obscured  by  surrounding  swelling 
of  the  soft  parts,  especially  when  the  displacement  is  the  result  of 
direct  violence.  The  most  important  point  is  the  careful  comparison 
of  the  relation  of  the  bony  prominences  around  the  articulation, 
both  on  the  sound  and  on  the  injured  side.  The  special  difficulty 
in  these  dislocations  arises  from  their  frequent  association  with  fract- 
ures, especially  of  the  epicondyles  of  the  humerus.  The  presence 
of  a  fracture  is  evidenced  by  the  ordinary  signs  of  abnormal  mobihty 
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— crepitus  and  fixed  local  pain  ;  but  these  signs  may  coexist  with  evi- 
dent signs  of  dislocation,  such  as  interference  with  the  general  mobility 
of  the  joint,  and  a  general  disturbance  of  the  nomial  relationship  of 
the  bony  landmarks. 

One  of  the  most  etimraon  source-'i  of  confusion  is  a  separalion  of  the  comliined  lower 
c|^pbysis  of  the  humf^rut^.  To  distinguish  this  from  a  posterior  ilisTocaLion  of  the  ratjius 
■nd  ulnA,  It  sulhcea  to  keep  the  foHowiiig  points  in  tnind  --  (d)  The  relative  position  of  the 
olecranon  »nd  coniiylt-s  is  unchanged;  (/')  the  arm  is  shortened;  (r)  movement  causes 
much  pain,  is  ahnonnally  free,  is  accompanied  hy  crepitus;  and  (■/)  reduction  of  tlte 
defoimily  is  followed  tiy  recurrence  when  tmctiOD  is  discontinued.  Again,  the  anterior 
prominence  in  the  case  of  froclnre  is  above  the  level  of  the  clhowcrease,  and  is  very 
tender  on  pressure.  Lastly,  it  i.s  impi/rlanl  to  decide  in  some  instances  whether  a  disloca. 
tioD  is  a  recent  or  an  old  one.  A  careful  attention  to  tlie  history  i.s  here  of  the  lirst  impor- 
tance. The  elbow  is  the  joint,  however,  in  which  the  employment  of  the  .Vrays  is  espe- 
cially likely  lo  be  of  decided  utdily  (t'ig.  30S). 

Prognosis. — With  regard  to  the  question  of  immediate  reduction, 
the  prognosis  in  dislocation  of  the  elbow  may  be  said  to  be  especially 
good,  all  forms  giving  little  trouble.  As  the  complete  outward  and  the 
divergent  forms  are  accompanied  by  extensive  rupture  of  the  ligaments, 
they  are  the  most  likely  to  leave  a  certain  want  of  security  behind 
them.  The  most  important  factor  in  the  prognosis  is  the  coexistence 
of  fracture,  which  often  leads  to 
deformity,  limitation  of  move- 
ment, or  even  complete  anky- 
losis, as  the  result  of  inexact 
healing  of  the  fragments  or  the 
formation  of  superabundant  cal- 
lus. Again,  the  inclusion  of 
either  the  ulnar,  posterior  inter- 
osseous, or  rarely  the  median 
nerve  in  such  callus  may  lead 
to  a  bad  functional  result. 

Treatment. — The  best  gen- 
eral method  of  reduction  is  that 
of  Cooper.  The  patient  and 
surgeon  place  themselves  in  the 
position  indicated  in  Fig.  309. 
In  the  posterior  dislocations 
both  hands  may  be  applied  to 
the  forearm  for  purposes  of  trac- 
tion; when  lateral  deviations 
exist,  the  second  hand  or  the 
hands  of  an  assistant  may  be 
necessary  to  make  direct  press- 
ure on  the  lateral  aspects  of  the 
joint  The  knee  is  so  placed  in 
the  flexure  of  the  elbow  as  to 
support  the  humerus  and  at  the 
same  time  to  press  firmly  against 
the  forearm  to  disengafjc  the 
coronoid  process.  Traction  followed  by  flexion  is  then  made  in  the 
axis  of  the  forearm,  and  the  bones  usually  slip  into  position  with  a 
sensation  of  false  crepitation  or  a  distinct  snap. 


Kic.  309, — Keduclion  of  iliil. nation  of  the 
elbow  by  Cooper  1  method. 


626 


INTERNATIONAL    TEXTBOOK   OF  SURGERY. 


In  posterior  displacements,  if  difficulty  occurs,  the  joint  may  be 
hyperextended  so  as  to  disengage  the  coronoid  process  and  dilate  the 
rent  in  the  capsule.     The  elbow  is  then  flexed  under  traction. 

Forward  displacement  is  best  treated  by  Cooper's  method,  firm 
pressure  being  made  with  the  knee  against  the  forearm ;  or  the  elbow 
may  be  flexed  by  an  assistant,  who  with  one  hand  makes  traction  in 
such  a  direction  at  the  upper  end  of  the  forearm  as  to  disengage  the 
olecranon  from  the  front  of  the  humerus,  while  with  the  second  hand 
the  patient's  hand  is  approximated  to  the  shoulder.  The  surgeon 
meanwhile  first  fixes  the  humerus,  and  then  attempts  to  guide  its 
progress  forward. 

In  the  lateral  deviations  reduction  is  often  facilitated  by  adducting 
the  arm  in  inward  displacements,  or  abducting  it  in  outward  ones 
— /  €..  by  repeating  the  movement  which  has  originally  given  rise  to 
the  dislocation,  and  thus  dilating  the  lateral  rent  in  the  capsule. 

In  the  divergent  variety  traction  in  the  axis  of  the  displaced  bones, 
followed  by  flexion  and  supination  for  the  reduction  of  the  radius,  is 
the  most  reasonable  method,  or  the  two  bones  may  be  reduced  indi- 
vidually. 

After  reduction  the  flexed  elbow  should  be  put  up  in  a  plaster-of- 
Paris  bandage  or  on  an  angular  splint,  and  kept  at  rest  for  at  least 
two  weeks.  The  splint  should  then  be  removed  for  exercise  and 
massage,  and  may  be  replaced  by  a  lighter  and  easily  movable  appli- 
ance. When  the  dislocation  is  accompanied  by  fracture,  especial  care 
is  necessary  to  prevent  ankylosis ;  and  here  the  general  rule  to  be 
observed  in  fractured  condyles  is  applied — namely,  to  commence  move- 
ment cautiously  as  soon  as  sufficient  callus  has  been  formed  to  unite 
the  fragments. 

Old  Dislocations. — Attempts  should  be  made  to  reduce  these  at 
any  rate  up  to  the  end  of  six  months,  although  reduction  is  always 
extremely  difficult  after  the  lapse  of  six  weeks. 

The  difficulty  in  uncomplicated  cases  depends  on  the  extremely 
complex  surface  olTered  by  the  bones  of  the  articulation  ;  and  naturally 
those  cases  are  the  most  diflScult  and  unpromising  in  which  the  proper 
conformation  has  been  distorted  by  fracture  of  one  or  more  of  the 
processes.  Subcutaneous  tenotomy  and  di\ision  of  bands  are  prac- 
tically useless,  but  open  incision  and  the  removal  of  large  masses  of 
callus  or  badly  united  fragments  may  greatly  improve  the  functional 
capacity.  In  other  cases,  especially  where  there  is  deformitj-,  a  partial 
excision  is  indicated.  The  triceps  should  be  separated  with  the  olec- 
ranon and  both  turned  up:  and  the  radioulnar  joint  should  always 
be  spared  if  possible.  The  olecranon  should  be  subsequently  wired. 
Remo\al  of  bone,  especially  of  the  humerus,  needs  to  be  xer>'  free  in 
cases  of  abundant  callus-formation. 

Compound  Dislocalion. — When  the  wound  is  small  or  a  mere  punct- 
ure by  the  bone,  pure  conser\-atism  and  asepticit>-  are  indicated.  If 
severe  and  contused,  a  partial  excision  with  the  \-iew  of  pro%iding 
efficient  drainage  may  give  a  better  chance  of  a  mo^-able  joinL  Am- 
putation is  indicated  only  in  advanced  age,  genera!  constitutional 
defects,  or  extreme  local  destruction. 

Isolated  Dislocation  of  the  Ulna. — Either  extremity  of  the 
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ulna  may  be  dislocated.  These  accidents  are,  however,  very  rare,  and, 
as  would  be  expected,  especially  that  affecting  the  upper  end.  A  large 
proportion  of  the  cases  are,  no  doubt,  really  incomplete  dislocations 
of  the  elbow. 

Upper  Extremity. — The  displacement  of  the  ulna  is  nece.ssarily 
backward,  or  backward  and  somewhat  inward;  and  for  its  production 
violence  must  be  exerted  directly  on  the  upper  part  of  the  shaft  from 
before.  To  allow  the  dislocation,  the  internal  lateral  and  the  inner 
part  of  the  posterior  or  anterior  and  posterior  ligaments  of  the  elbow 
must  be  torn.  If  the  displacement  is  at  all  great,  the  orbicular  liga- 
ment also  must  be  detached,  or  the  external  lateral  ligament  must  be 
torn  or  set  free  by  fracture  of  the  external  epicondyle. 

Symptoms. — Tlie  forearm  is  either  slightly  flexed  or  extended — 
adducted — at  least  to  a  degree  destroying  the  normal  saliency  of  the 
inward  angle  of  the  Junction  of  the  arm  and  forearm,  and  very  markedly 
pronated  to  allow  of  as  great  approximation  as  possible  of  the  carpus 
to  the  trochlea.  The  inner  margin  of  the  forearm  is  shortened  and 
thickened.  The  olecranon  is  prominent,  and  stretching  up  from  it  is 
the  tense  triceps  tendon.  On  palpation  the  olecranon  is  found  to  be 
higher  than  normal,  often  approximated  to  the  internal  condyle  later- 
ally. The  inner  condyle  is  obscured  by  the  adduction  of  the  forearm ; 
the  external  is  prominent,  and  the  head  of  the  radius  is  felt  below  it 
It  may  be  possible  to  feel  the  uncovered  trochlea  in  the  elbow-crease. 

Tftatmtttt. — The  displacement  may  be  reduced  in  the  manner 
already  described  in  the  case  of  the  elbow,  traction  and  extension 
being  combined  with  abduction  of  the  forearm.  The  after-treatment  is 
identical. 

Lower  Extremity. — This  dislocation  is  commonly  combined  with 
fracture  of  the  radius,  but  it  also  occurs  as  an  uncomplicated  condition. 
The  ulna  may  be  displaced  on  to  either  the  dorsal  or  the  palmar  aspect  of 
the  radius.  The  dislocation  is  usually  the  result  of  direct  force  exerted 
on  the  ulna,  the  radius  being  fixed  and  the  hand  extended.  Dorsal 
displacement  may  also  be  produced  by  forced  pronation  of  the  flexed 
wrist — palmar  by  forced  supination,  the  wrist  being  extended.  The 
triangular  fibrocartilage  is  separated ;  the  anterior  and  posterior  inferior 
radio-ulnar  and  the  internal  lateral  ligaments  of  the  wrist  are  torn. 

Symptoms. — In  dorsal  displacement  the  hand  is  moderately  adducted, 
and  about  midway  between  pronation  and  supination,  occasionally 
inclining  to  one  or  other  of  the  latter  positions.  The  width  of  the 
wrist  is  decreased,  while  the  thickness  is  increased,  especially  at  the 
ulnar  side.  The  axis  of  the  ulna,  if  prolonged,  would  be  continued  to 
the  middle  finger.  On  palpation  the  styloid  process  is  absent  from  its 
position ;  the  head  of  the  ulna  may  lie  on  the  radius  or  even  on  the 
semilunar  bone.  On  manipulation,  supination  is  impossible,  and  flc-xion 
and  extension  are  very  painful. 

In  palmar  dislocation  the  hand  is  either  strongly  supinated  or  in  the 
mid-position  between   pronation   and   supination.     On   palpation   the' 
head  is  felt  anteriorly,  and  there  is  a  hollow  posteriorly  over  the  cunei- 
form bone.     Either  of  these  dislocations  may  be  compound. 

Trealmdit. — To  reduce  the  dislocation  the  radius  must  be  fixed 
between  one  finger  and  thumb,  and  direct  pressure  made  with  the 
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Other  thumb  on  the  head  of  the  ulna ;  then,  in  the  case  of  the  dorsal 
displacement,  the  hand  should  be  supinated ;  in  the  palmar,  pronated. 
The  limb  should  be  fixed  on  a  splint  in  the  supine  position  if  the  dis- 
location has  been  dorsal,  or  the  reverse  if  palmar.  The  lower  end  of 
the  ulna  is  occasionally  rendered  abnormally  mobile  by  a  similar  acci- 
dent to  thiit  producing  a  Colles  fracture,  but  without  any  antero- 
posterior shiftintj. 

Isolated  Dislocation  of  the  Radltis.— The  isolated  displace- 
ment of  the  head  of  the  radius  is  far  more  easy  to  comprehend  than 
that  of  the  ulna,  still  the  majority  of  instances  are  properly  regarded  as 
incomplete  dislocations  of  the  elbow. 

Frequency  of  Occurrence. — In  the  St  Thomas's  series  of  812  dis- 
locations of  all  joint"!,  30  of  the  radiohumeral  occurred,  or  a  ratio  of 
3.69  per  cent  In  Kronlein's  series  of  400,  15  occurred,  or  3.77  per 
cent. 

Causation. — ^The  anterior  and  posterior  displacements  may  both  be 
occasioned  by  direct  violence  applied  to  the  aspect  of  the  forearm 
op]X>site  that  on  which  the  head  escapes,  or,  in  the  case  of  the  pos- 
terior dislocation,  by  force  applied  to  the  back  of  the  humerus,  the 
elbow  bcin^;  in  a  position  of  flexion.  The  larger  number  of  cases, 
however,  are  the  result  of  indirect  \'iolence,  such  as  falls  on  the  hand 
and  traction  on  the  extended  supinated  forearm,  the  latter  especially 
in  children.  The  forward  dislocation  is  sometimes  due  to  muscular 
action,  as  has  been  obser*-ed  in  the  action  of  the  biceps  in  lifting  a 
hea\y  weight,  or  in  forcible  movements  of  supination,  as  in  wringii^ 
out  clothes. 

The  head  of  the  radius  may  be  displaced  in  three  directions — va., 
forwani,  by  tar  the  most  common ;  backward :  or  outifard,  the  least 
Ct^mmon. 

Symptoms. — Certain  signs  af«  common  to  all  three  ^-arieties  and 
their  des^rxvs:  I.  Shortening  and  vertical  increase  of  diameter  of  the 
radial  margin  of  the  forearm  :  ^.  Abduction  of  the  forearm  ;  3.  Conse- 
ijiieni  elevation  of  the  styloid  process  of  the  r.idlus:  4.  .Alteration  of 
the  a>;is  of  the  nuiiu? :  5.  Absence  of  the  head  of  the  bone  in  its 
noniutl  jx'sition  beneath  the  external  condyle;  o.  A  certain  degree  of 
lateral  niobility  at  the  elbi>w, 

F-.-fz-.tfii  J:s:W.i:.\-t  maybe  complete  or  incomplete.  On  inspection 
the  elbv'w  i<  found  one-quarter  ilexei!.  more  or  !ess  pronated  and 
abi.!uctv.\t.  The  Lvninion  orii:in  of  the  extensor  tr'.uscles  of  thi;  torearm 
is  piishevi  outward,  .uid  the  head  of  the  rac:-?  mav-  be  visible,  as  weii 
as  the  external  condyk-.  in  spi:e  of  the  abc-cti-.-r:.  The  internal  epi- 
condy'e  is  abr-orma'.ly  •u'ron;:!:^^;,  the  hjs.d  :<  3.bc.:cz.:^.  asd  the  axis 
t.H  tlic  raJius  strikes  the  anterior  surrlice  cr"  :he  r.-:rxT-s  .F!_^  ilo 
a"^:  _;[  1  .  O".  -Aiivutio-r.  ■£  :he  clbo-.v  :s  neither  ra;  -.-r  s-.v  .^llen.  the 
hva^i'or  ;>.,•  rao:-s"o.i"  S;  :V'.:  anterior  to  the  ^xtiT-ai  -jcoLe  oi  the 
h^;::x— .:<.  coverec  by  :h«:  terse  biceps  ter.o'"  .i"i  ra:?c:a.  At  the 
Ix'tto'v.  ,■■■"  t'-;-  ho"'.'-v  -■•  the  "orrtMl  rcs:t:or.  ^'"  the  h^rai.  th^:  ulna,  the 
Wsscr  s..:-T'o;,-  .M.^tv,  arJ  the  -r.cer  oro  yv-t;.-'."  y.i-t  :■'  zr^^  ,:apileilam 
iiMv  re  ■',',:.  0--  T-a;' VL^at.or  the  e-ho^-v  c:i"  -e'-thcr  re  :texed  nor 
exterJevi .  ■'  t  ■■;  "■■"rr-er  :t:over;ent  thi^  hea'.:  t  ;:?<;  -i^\^  stnkes 
o^xr-st  t'x-  :"---t  ::"  the   h-merjs.     Fror^ti-'c  a.tc  i^-i.taticrL  are  wry 
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limited.     There  is  some   abnormal   lateral   mobilitj'.     Paralysis  occa- 
sionally results  from  injurj'  to  the  posterior  interosseous  nerve. 

In  biukuuird  dislocation,  the  elbo\v  is  slightly  flexed,  and  stands 
midway  between  pronation  and  supination.  On  palpation  the  head  can 
be  felt  behind  and   above  the  external  epicondyle ;  the  latter  can  be 


Fig.  310. — Old  Ibrvanl  dislocalion  of  hud  of  the  radius. 

mapped  out  as  to  its  outer  and  anterior  aspects,  and  below  it  a  hollow- 
is  to  be  determined.  The  tense  biceps  tendon  may  be  distinguished  in 
the  inner  part  of  the  hollow.     On  manipulation,  no  extension  is  pos- 


FlO.  311. — Forward  dislocation  of  head  oi  llie  mdlus.  tlmwing  cruuing  of  axis  of  the  bona 
(skiagraph  hy  .A.  B,  ilUckerl. 

siblc,  and  little  flexion.     Pronation  and  supination  are  also  practically 
abrogated,  especially  the  latter. 

In  oiitii'ard  dislocation,  the  elbow  is  moderately  flexed  and  the  fore- 
arm pronated.  On  paljKition  the  head  is  to  be  felt  above  and  to  the 
outer  side  of  the  external  epicondyle.     On  manipulation,  flexion  and 
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extension  arc  painful  and  difficult,  but  less  limited  than  in  the  other 
varieties.  Supination  is  interfered  with.  When  there  is  coexisting 
fracture  of  the  upper  third  of  the  ulna,  the  whole  forearm  is  shortened, 
and  mobility  is  naturally  greater. 

Diagnosis. — A  diflerLntial  diagnosis  is  readily  made  by  attention 
to  the  points  above  enumerated.  It  must  be  borne  in  mind,  however, 
that  the  displacements,  both  forward  and  backward,  arc  occasionally 
incomplete,  and  under  these  circumstances  the  signs,  though  of  the 
same  nature,  arc  les.s  strongly  marked.  In  the  forward  dislocation  the 
impossibility  of  complete  flexion  is  the  mo.st  valuable  diagnostic  aid. 

Treatment. — Fcnvard  Dislocatkm. — The  forearm  should  be  flexed 
to  relax  the  biceps  and  pronator  radii  teres,  the  forearm  adducted  to 
lower  the  head,  and  then  extended  and  supinalcd.  firm  direct  pressure 
being  made  at  the  same  time  on  the  displaced  head.  If  this  maneuver 
fail,  hyperextension  combined  with  adduction  and  direct  pressure  may 
be  tried.  The  limb  is  best  put  up  either  verj'  fully  flexed  in  plaster  of 
Paris,  or  extended,  with  a  pad  over  the  head  of  the  radius. 

In  poskrior  dislocation,  traction  is  made  on  the  extended  supinated 
forearm,  followed  by  pronation,  and  accompanied  by  direct  pressure 
and  abduction.     The  limb  should  then  be  put  in  a  position  of  flexion. 

In  outivard  dislocation,  extension,  abduction,  and  supination  are 
made,  with  direct  pressure  downward  and  inward.  The  limb  is  put  up 
in  a  flexed  position. 

When  efforts  fail  10  reduce  one  of  ihcsc  dislocnlians,  the  joint  irmy  be  opened  and  bd 
attempt  at  tcpoailion  made.  This  is  often  by  no  means  easy,  and  then  has  (ailed  to 
ctfctl  jiermanent  retention.  For  this  reason  a  temporary  suture  jiassed  through  the  head 
and  the  capitellum  and  retained  for  fourteen  days  has  been  employed  with  success  by  Bar- 
denheuer.  Should  the  reposition  of  the  bead  prove  impassible,  it  should  be  resected,  but 
great  core  will  slill  be  needed  to  ensure  a  movable  joint. 

Snbltixation  of  the  Head  of  the  Radius. — In  early  childhood 
a  condition  to  which  the  above  name  is  applied  results  from  forcible 
dragging  on  the  forearm,  oft;cn  by  the  nurse,  or  in  play.  It  is  probably 
explained  by  the  normal  laxity  of  the  orbicular  ligament  in  children, 
already  referred  to.  and  to  want  of  full  development  of  the  head  of  the 
radius.  It  has  been  ascribed  to  a  .slight  displacement  downward  of  the 
head  of  the  radius  together  with  the  formation  of  a  fold  of  the  ligaments, 
which  becomes  interpo.sed  between  the  back  of  the  head  and  the  capi- 
tellum. In  connection  with  this  theory,  the  normal  projection  of  the 
synovial  and  subsynovial  tissue  as  a  ring,  resembling  an  incomplete 
meni.scus,  around  the  head  of  the  radius  may  be  mentioned,  since 
swelling  of  this  segment  of  the  synovial  capsule  might  produce  an 
identical  condition,  j.  Hutchinson.  Jr.,  considers  the  deformity  due  to 
the  head  of  the  radius  slipping  out  of  the  grasp  of  the  orbicular  hga- 
ment.  Fracture  of  the  neck  of  the  radius  has  proved  the  c.vplanation 
of  a  corresponding  deformity  in  some  cases;  di.splacement  of  the  infe- 
rior radio-ulnar  fibrocartilage  also  produces  similar  signs. 

The  forearm  is  held  flexed  in  a  prone  position,  or  midway  between 
a  prone  and  supine  position.  Supination  is  very  painful.  The  .signs 
may  be  removed  by  complete  supination  followed  by  flexion,  under  an 
anesthetic  if  necessary.  The  forearm  should  then  be  placed  in  a  sling, 
and  massage  and  careful  exercise  employed. 
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H  Carpus. — The  articulation  of  the  wrist  owes  its  security  to  the  fact 

■  that  it  is  surrounded  by  a  large  number  of  tendons,  and  that  these  in 
H  addition  are  held  in  close  and  firm  relationship  with  it  by  the  so-called 

■  annular  hgaments. 

H  Anieriorly  and  poaleriorly  ihere  is  no  bony   prominence  bcyund  that  |iruvid«l  by  ihc 

^a  slight  coQcavily  of  ihr  lower  end  of  Ihc  radius  ;  and  ab  to  the  cap^ule^  the  ptj^Vchor  a.spect 

H  is  decidedly  the  wraker.      Laterally  the   influence  of  tendons  is  less  marked  ;   but   ficrc 

H  beyond  the  strong  lateral  ligatnenfs  we  have  the  projecting  styloid  processes.      The  articu- 

H  lation  is  essentially  one  between  the  carpus  and  radius ;  hence  we  lind  all  the  provisions  nre 

H  directed  to  the  maintenance  of  these  two  elements  in  contact.      Thus,  the  styloid  process  of 

H  the  radius  projects  lower  ;  the  direction  of  the  libers  of  both  the  anterior  and  posterior  liga- 

H  meiit4  is  from  the  mdius  downward  and  inward.      In  full  Hcxion,  nnd  especially  eitension, 

H  the  hand  is  diswn  to  the  radial  ^de.  so  that  the  lingers  are  adducted  x  and  adduction  is  a 

H  free  moremenl  limited  by  tension  of  the  soft  structures  only,  while  aliductiuii  which  would 

H  throw  the  carpus  agninst  the  small  lower  end  of  the  ulna  is  strictly  limited  by  the  bony  con- 

H  tact  of  the  stvluid  process  of  the  radius  with  the  scaphoid  bone. 

H  Frequency  ol  Occurrence. — Luxations  of  the  wrist  are  extremely 

H  rare.     Thus,  in  the  largest  collection  of  cases  which  was  compiled  from 

■  general  literature  by  Parker  in  1871,  only  33  were  included;  and  in 
H  Kronlein's  statistics  wo  find  only  i  example.  In  the  St.  Thomas's 
H  series,  however,  dislocation  of  the  wrist  is  .said  to  have  occurred  8 
H  times  among  812  dislocations  of  all  joints,  a  ratio  of  .98  per  cent. 
H  Causation. — The  rarity  of  the  injury  is  no  doubt  accounted  for  by 
H  the  shortness  of  the  lever  formed  bj'  the  hand,  and  the  greater  fre- 
I  quency  of  fracture  of  the  radius.  It  is  ordinarily  the  result  of  indirect 
H  violence,  most  commonly  a  fall  on  the  outstretched  palm,  in  a  position 
H  of  full  pronation  and  extension,  which  therefore  causes  also  some 
H  deflection  to  the  ulnar  side.  The  hand  becomes  the  fixed  point,  and 
H  the  bones  of  the  forearm  press  down  to  the  ground,  so  that  the  carpus 
H  is  displaced  on  to  their  dorsal  aspect.  The  opposite  displacement  may 
H  be  produced  by  a  fall  on  the  flexed  wrist.  Anterior  dislocation  has 
H  been  observed  as  a  result  of  hype  rex  ten  si  on.  Occasionally  the  acci- 
H  dent  is  due  to  direct  violence.  The  dorsal  and  palmar  are  the  only 
H  two  recognized  uncomplicated  dislocations,  and  of  these  the  dorsal  is 

■  twice  as  frequent  as  the  palmar, 

H  Pathology. — The  anterior  and  posterior  ligaments  are  usually  enlensively  torn  ;  the 

H  external  lateral  also  is  usually  lorn  through,  or  the  radial  styloid  process  separated.      The 

H  internal  laternl  ligament  often  escapes.      The   radial  styloid  process  Is  the  one  most  often 

^1  injured-      In  the  dorsal  dislocation  die  extensor  tendons  are  lifted  from  their  grooves,  carry- 

H  ing  with  them  the  attachments  of  the  annular  ligament  to  the  bone ;  and  they  are  displaced 

H  more  or  less  lo  the  mdial  and  ulnar  sides. 
^» 

H  Symptoms. — In  backward  dislocation  the  elbow  is  flexed,  the  fore- 

H  arm  in  a  position   midway  between   pronation  and  supination.     The 

H  wrist  itself  takes  up  no  definite  position,  but  may  be  deflected  in  either 

H  of  the  four  angular  directions.     The  fingers  are  flexed  at  the  meta- 

I  carpophalangeal  joints,  and  the  interphalangeal  joints  are  extended. 

W  A  steep,  transverse,  dorsal  prominence  exists,  and  on  the  palmar  aspect 
a  less  marked  palmar  projection,  reaching  well  down  to  the  base  of 

H  the  thumb.     The  long  axis  of  the  hand  crosses  that  of  the  forearm. 

H  On  palpation  the  styloid  processes  bear  their  normal  relationship  to 

H  each  other,  are  in  the  axis  of  the  forearm,  and  before  the  convex  dorsal 

H  prominence  of  the   carpus.     The   articular   surface  of  the   radius  is 

H  obscured  anteriorly  by  the  flexor  tendons,  which  dip  sharply  back- 
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ward  to  pass  beneath  the  annular  ligament.  On  manipulation,  all 
movements  are  interfered  with.  Measurement  shows :  (a)  the  length 
of  the  radius  from  its  head  to  the  tip  of  the  styloid  process  to  be  equal 
to  that  of  the  opposite  limb ;  (p)  the  distance  from  the  upper  margin 
of  the  dorsal  prominence  to  the  tip  of  the  middle  finger  to  equal  that 
from  the  line  of  the  radiocaq>al  Joint  to  the  same  point. 

In  forward  dislocation,  the  dorsal  prominence  is  concave  from  side 
to  side,  and  in  a  recent  injury  the  stj-loid  processes  are  visible.  The 
palmar  prominence  is  convex  upward,  and  somewhat  obscured  by  the 
thickness  of  the  flexor  tendons.  On  palpation  and  measurement,  the 
signs  resemble  those  already  detailed  in  the  case  of  the  dorsal  displace- 
ment, except  in  regard  to  the  reversal  of  the  top  level  of  the  prominences 
(the  palmar  being  the  higher),  the  concave  outline  of  the  dorsal  promi- 
nence, and  the  possibility  of  tracing  the  outline  of  the  radio-ulnar  arch. 

Diagnosis. — If  the  points  above  detailed  under  the  heading  of 
Symptoms  be  bome  in  mind,  no  difficulty  should  occur  in  the  veri- 
fication of  this  injury.  Colles's  fracture  and  separation  of  the  lower 
radial  epiphysi.s  arc  the  only  stumbling-blocks ;  and  confusion  with 
either  of  these  is  readily  avoided  by  attention  to  the  relative  position 
of  the  bony  landmarks. 

Prognosis. — Reduction  is  easy,  and,  in  spite  of  the  shallowness  of 
the  joint-cavity,  no  marked  disposition  to  recurrence  has  been  observed. 

Treatment. — The  displacement  is  readily  reduced  by  traction  in  the 
axis  of  the  displaced  hand,  combined  with  direct  pressure  on  the  dorsal 
or  palmar  prominence,  as  the  case  may  be.  The  hand  and  forearm 
should  then  be  placed  on  anterior  and  posterior  splints,  well  padded 
opposite  the  position  of  the  late  carpal  prominence,  the  fingers  being 
allowed  to  project,  so  as  to  guard  against  subsequent  stiffness  from 
fixation  of  tlic  tendons.  After  fourteen  days  the  splint  should  be 
removed  daily,  the  hand  and  forearm  massaged,  and  careful  move- 
ment of  the  fingers  carried  out.  The  splints  should  be  retained  for 
four  to  five  weeks,  and  in  many  cases  may  be  with  advantage  super- 
seded by  a  leather  gauntlet  to  be  worn  for  a  further  period. 

Compound  dislocations  should  be  treated  as  conservatively  as  pos- 
sible. A  loo.sc  carpal  bone  may  need  removal,  or  in  some  cases  a 
partial  resection  may  be  advantageous;  but  amputation  should  be 
decided  on  only  in  the  case  of  hopeless  injury,  or  in  a  patient  wholly 
unfit  to  take  the  risks  of  the  process  of  healing. 

Dislocation  of  the  Individual  Bones  of  the  Carpus. — Of  the  first 
row,  the  pisiform  is  occasionally  displaced  by  the  action  of  the  flexor 
carpi  ulnaris  or  by  direct  violence.  The  bone  usually  acquires  fresh 
attachment,  and  the  injury  is  of  little  importance.  The  scaphoid  and 
semilunar  have  also  been  seen  to  be  dislocated,  usually  in  compound 
injuries.     In  such  a  case  the  displaced  bone  may  be   removed. 

Of  the  second  row,  the  os  magnum  is  most  frequently  displaced 

seldom  completely,  however,  the  head  and  neck  only  projecting  dorsal- 
ward  as  a  result  of  the  rupture  of  the  transverse  ligament  which 
crosses  from  the  scaphoid  to  the  cuneiform.  This  portion  of  the  os 
magnum  sometimes  acquires  a  prominence  as  a  rusult  of  habitual 
strain  due  to  the  occupation  of  the  individual.  In  traumatic  disloca- 
tion it  is  best  reduced  by  direct  pressure,  the  middle   finger   being  at 
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the  same  time  drawn  upon.  If  painful  and  irreducible,  it  may  be 
removed. 

Separation  of  the  two  rows  of  the  carpus  is  very  rare. 

Metacaxpus. — The  fixity  of  the  carpometacarpal  junction  make.s 
dislocation  of  these  bones  one  of  the  rarest  occurrences.  As  would 
be  expected  from  the  mobility  and  exposed  position  of  the  metacarpal 
bone  of  the  thumb,  the  first  bone  is  the  one  most  commonly  displaced ; 
and  this  will  be  treated  of  specially.  Of  the  others,  the  second  and 
third  are  most  exposed  by  reason  of  their  comparative  length.  Most 
of  the  recorded  instances  have  been  of  the  first  finger.  A  case  is 
fi}jured  in  Erichsen's  Surgery,  in  which  the  four  bones  were  apparently 
dislocated  en  masse. 

Symptoms. — On  inspection  there  appears  either  a  dorsal  promi- 
nence or  a  hollow  bounded  by  the  line  of  the  second  row  of  carpal 
bones,  according  to  whether  the  metacarpal  bone  has  passed  backward 
or  forward.  The  finger  is  shortened  and  slightly  flexed.  In  Erichsen's 
case  the  fingers  are  extended  and  abducted.  On  palpation  the  above 
points  will  be  corroborated. 

Apart  from  complete  traumatic  dislocation  of  these  bones,  it  should  be  mentioned  that 
the  basest  of  the  bones,  especially  the  third,  are  occasionally  partially  disjilaced  backward, 
■nd  form  a  dunal  prominence  bounding  a  slight  hollow.  Such  displacements  may  follow  a 
fall  on  the  hand,  or  are  the  result  of  hard  manual  labor.  They  usually  do  not  call  for 
trealmenl. 

Recent  traumatic  dislocations  are  to  be  reduced  by  traction  on  the 
corresponding  finger  or  fingers,  combined  with  direct  pressure  down- 
ward and  forward,  or  backward,  as  the  case  may  be. 

Metacarpal  Bone  of  the  Thumb — The  joint  between  this  bone  and 
the  trapezium  differs  from  the  others  not  only  in  its  greater  mobility 
as  to  flexion  and  extension,  but  also  in  possessing  free  lateral  move- 
ment. Displacement  may  be  dorsal  or  palmar,  and  usually  results 
from  falls  on  the  palm  of  the  hand,  leading  to  hyperextension ;  but  it 
may  be  caused  by  forcible  flexion  with  adduction. 

Symptoms. — In  dorsal  dislocation  the  wrist  and  the  phalanges  of 
the  thumb  are  slightly  flexed,  a  prominence  is  seen  on  the  dorsum  of 
the  carpus  slightly  internal  to  the  normal  position  of  the  base  of  the 
bone,  and  the  tabatierc  anatomique  is  deepened.  The  thumb  is  short- 
ened. On  palpation  the  base  of  the  metacarpal  bone  is  approximated 
to  the  styloid  process  of  the  radius.  The  displacement  may  be  incom- 
plete, when  these  signs  will  be  less  strongly  marked. 

Palmar  dislocation  is  rarer  than  the  dorsal.  A  hollow  takes  the 
place  of  the  prominence  mentioned  in  the  last  form,  while  the  base  of 
the  metacarpal  bone  may  be  felt  on  the  palmar  aspect  of  the  trapezium. 
The  thumb  is  extended,  and  opposition  is  impossible.  The  phalanges 
may  be  moved  freely. 

Treatment. — The  dislocation  is  readily  reduced  by  traction  in  the 
axis  of  the  displaced  bone,  combined  with  direct  pressure  on  the  base 
in  a  downward  direction,  and  either  forward  or  backward,  as  the  case 
may  be.  If  this  fails,  hyperextension  may  be  tried ;  also  hyperextension 
combined  with  direct  pressure.  The  thumb  should  then  be  fixed  in  a 
position  of  full  extension,  with  a  pad  over  the  base  of  the  metacarpal 
bone. 
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ward  to  pass  beneath  the  annular  ligament.  On  manipulation,  all 
movements  are  interfered  with.  Measurement  shows:  («)  the  length 
of  the  radius  from  its  head  to  the  tip  of  the  styloid  process  to  be  equal 
to  that  of  the  opposite  limb;  (("')  the  distance  from  the  upper  margin 
of  the  dorsa!  prominence  to  the  tip  of  the  middle  finger  to  equal  that 
from  the  line  of  the  radiocarpal  joint  to  the  some  poinL 

In  fanuard  dislocation,  the  dorsal  prominence  is  concave  from  side 
to  side,  and  in  a  recent  injury  the  stj'loid  processes  arc  visible.  The 
palmar  prominence  is  convex  upward,  and  somewhat  obscured  by  the 
thickness  of  the  flexor  tendons.  On  palpation  and  measurement,  the 
signs  resemble  those  already  detailed  in  the  case  of  the  dorsal  displace- 
ment, except  in  regard  to  the  reversal  of  the  top  level  of  the  prominences 
(the  palmar  being  the  higher),  the  concave  outline  of  the  dorsal  promi- 
nence, and  the  possibility  of  tracing  the  outline  of  the  radio-ulnar  arch. 

Diagnosis. — If  the  points  above  detailed  under  the  heading  of 
Symptoms  be  borne  in  mind,  no  difficulty  should  occur  in  the  veri- 
fication of  this  injury.  Colles's  fracture  and  se[>aration  of  the  lower 
radial  epiphysis  are  the  only  stumbling-blocks;  and  confusion  with 
either  of  these  is  readily  avoided  by  attention  to  the  relative  position 
of  the  bony  landmarks. 

Prognosis. — Reduction  is  easy,  and,  in  spite  of  the  shallowness  of 
the  joint-cavity,  no  marked  disposition  to  recurrence  has  been  observed. 

Treatment. — The  displacement  is  readily  reduced  by  traction  in  the 
axis  of  the  displaced  hand,  combined  with  direct  pressure  on  the  dorsal 
or  palmar  prominence,  as  the  case  may  be.  The  hand  and  forearm 
should  then  be  placed  on  anterior  and  posterior  splints,  well  padded 
opposite  the  position  of  the  late  carpal  prominence,  the  fingers  being 
allowed  to  project,  so  as  to  guard  against  subsequent  stiffness  from 
fixation  of  the  tendons.  After  fourteen  days  the  splint  should  be 
removed  daily,  the  hand  and  forearm  massaged,  and  careful  move- 
ment of  the  fingers  carried  out.  The  splints  should  be  retained  for 
four  to  five  weeks,  and  in  many  cases  may  be  with  advantage  super- 
seded by  a  leather  gauntlet  to  be  worn  for  a  further  period. 

Compound  dislocations  should  be  treated  as  conservatively  as  pos- 
sible. A  loose  carpal  bone  may  need  removal,  or  in  some  cases  a 
partial  resection  may  be  advantageous ;  but  amputation  should  be 
decided  on  only  in  the  case  of  hopeless  injury,  or  in  a  patient  wholly 
unfit  to  take  the  risks  of  the  process  of  healing. 

Dislocation  of  the  Individual  Bones  of  the  Carpus. — Of  the  first 
row,  the  pisiform  is  occasionally  displaced  by  the  action  of  the  flexor 
carpi  ulnaris  or  by  direct  violence.  The  bone  usually  acquires  fresh 
attachment,  and  the  injury  is  of  little  importance.  The  scaphoid  and 
semilunar  have  also  been  seen  to  be  dislocated,  usually  in  compound 
injuries.     In  such  a  ca.se  the  displaced  bone  may  be  removed. 

Of  the  second  row,  the  os  magnum  is  most  frequently  displaced — 
seldom  completely,  however,  the  head  and  neck  only  projecting  dorsal- 
ward  as  a  result  of  the  rupture  of  the  tran.sverse  ligament  wliich 
crosses  from  the  scaphoid  to  the  cuneiform.  This  portion  of  the  os 
magnum  sometimes  acquires  a  prominence  as  a  result  of  habitual 
strain  due  to  the  occupation  of  the  individual.  In  traumatic  disloca- 
tion it  is  best  reduced  by  direct  pressure,  the  middle  finger  being  at 
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the  same  time  drawn  upon.     If  painful  and  irreducible,  it  may  be 

removed. 

Separation  of  the  two  rows  of  the  carpus  is  very  rare, 
Metacarpas. — The  fixity  of  the  carpometacarpal  Junction  makes 

dislocation  of  these  bones  one  of  the  rarest  occurrences.  As  would 
be  expected  from  the  mobihty  and  exposed  position  of  the  metacarpal 
bone  of  the  thumb,  the  first  bone  is  the  one  most  commonly  displaced ; 
and  this  will  be  treated  of  specially.  Of  the  others,  the  second  and 
third  are  most  expo.sed  by  reason  of  their  comparative  length.  Most 
of  the  recorded  instances  have  been  of  the  first  finger.  A  case  is 
figured  in  Erichsen's  Surgay,  in  which  the  four  bones  were  apparently 
dislocated  ch  massi: 

Symptoms. — On  inspection  there  appears  either  a  dorsal  promi- 
nence or  a  hollow  bounded  by  the  line  of  the  second  row  of  carpal 
bones,  according  to  whether  the  metacarpal  bone  has  passed  backward 
or  forward.  The  finger  is  shortened  and  .sHghtly  flexed.  In  Erichsen's 
case  the  fingers  are  extended  and  abducted.  On  palpation  the  above 
points  will  be  corroborated. 

Apart  from  complete  rr^iiimaiic  dislocation  of  these  bone«,  i1  should  be  nienlionrd  that 
the  bases  of  the  boneft,  especially  the  Ihiid,  are  occasionally  pajliatly  di:^placed  backward, 
and  form  a  duisal  prominence  boutidiiig  a  sligtil  hollow.  Such  displacetiicnU  may  follow  a 
fall  on  the  band,  or  are  ifae  result  of  bard  manual  labor.  Tbey  UHially  do  oot  call  for 
trealmeoL 

Recent  traumatic  dislocations  are  to  be  reduced  by  traction  on  the 
corresponding  finger  or  fingers,  combined  with  direct  pressure  down- 
ward and  forward,  or  backward,  as  the  ca.se  may  be. 

Metacarpal  Bone  of  the  Thumb. — The  joint  between  this  bone  and 
the  trapezium  differs  from  the  others  not  only  in  its  greater  mobility 
as  to  flexion  and  extension,  but  also  in  possessing  free  lateral  move- 
ment. Displacement  may  be  dorsal  or  palmar,  and  usually  results 
from  falls  on  the  palm  of  the  hand,  leading  to  hyperextension ;  but  it 
may  be  caused  by  forcible  flexion  with  adduction. 

Symptoms, — In  dorsal  dislocation  the  wrist  and  the  phalanges  of 
the  thumb  are  slightly  flexed,  a  prominence  is  seen  on  the  dorsum  of 
the  carpus  .slightly  intepial  to  the  normal  position  of  the  base  of  the 
bone,  and  the  tabatiere  anatomique  is  deepened.  The  thumb  is  short- 
ened. On  palpation  the  base  of  the  metacarpal  bone  is  approximated 
to  the  stv'loid  process  of  the  radius.  The  displacement  may  be  incom- 
plete, when  these  signs  will  be  less  strongly  marked. 

Palmar  dislocation  is  rarer  than  the  dorsal.  A  hollow  takes  the 
place  of  the  prominence  mentioned  in  the  last  form,  while  the  base  of 
the  metacarpal  bone  maybe  felt  on  the  palmar  aspect  of  the  trapezium. 
The  thumb  is  extended,  and  opposition  is  impossible.  The  phalanges 
may  be  moved  freely. 

Treatment. — The  dislocation  is  readily  reduced  by  traction  in  the 
axis  of  the  displaced  bone,  combined  with  direct  pressure  on  the  base 
in  a  downward  direction,  and  either  fonvard  or  back-ward,  as  the  case 
may  be.  If  this  fails,  hyperextension  may  be  tried ;  also  hyperextension 
combined  with  direct  pressure.  The  thumb  should  then  be  fi.xed  in  a 
position  of  full  extension,  with  a  pad  over  the  base  of  the  metacarpal 
bone. 
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Metacarpophalangeal  and  Interphalangeal  Joints. — The 
joints  between  the  metacarpus  and  tlie  phalanges,  and  the  interphalan- 
geal  joints  in  a  less  degree,  are  peculiar  in  the  nature  of  the  hgament 
forming  the  anterior  segment  of  the  capsule.  This  consists  of  a  fibro- 
cartilaginous plate,  loosely  attached  to  the  proximal  bone,  but  firmly 
blended  with  the  base  of  the  distal  one.  This  arrangement,  while 
scarcely  disposing  to  tlie  occurrence  of  dislocation,  forms  a  difficulty 
in  the  reduction  of  the  phalanx,  since  the  plate,  especially  in  the  case 
of  the  metacarpophalangeal  joint,  is  apt  to  be  actually  drawn  over  the 
head  of  the  proximal  bone,  and  to  interpose  it.self  between  the  dis- 
placed bones.  The  tenuous  dorsal  segment  of  the  capsule  offers  little 
obstacle  to  displacement. 

Thumb. — The  metacarpophalangeal  joint  of  the  thumb  must  be 
considered  alone.  In  the  other  joints  four  angular  movements  are 
possible  ;  in  the  case  of  the  thumb  lateral  movements  are  shifted  one 
segment  back,  giving  greater  range  with  a  shorter  digit,  and  at  the 
same  time  endowing  the  distal  joint  with  the  fixity  necessary  for  its 
safety.  Beyond  this  the  glenoid  plate  consists  of  two  sesamoid  bones 
and  an  intervening  bond,  an  arrangement  in  part  responsible  for  the 
difficulties  met  with  in  the  reduction  of  dislocations  of  this  articulation. 

In  Si 2  dislocalitins  met  wUh  at  St.  Thomas's  Hospital,  74  were  of  the  thumb,  ot  9. 1  per 
cent.  The  74  were  distriliutcd  as  rtiUows :  (.nrpiimelBcmTiBl,  i;  nielncaipuphalnngcol, 
35;  inleiphaintigesl,  yi\  unslated,  6.  In  Kronlein's  statistics  the  percentage  araootiled 
lo  6.7. 

Caumtiofi. — In  the  commoner  or  dorsal  dislocation  the  accident  is 
usually  the  result  of  a  fall  on  the  outstretched  palm.  The  palmar 
dislocation  may  be  caused  by  violent  flexion  or  direct  violence. 

Palholof^. — The  <lor*ial  dislocation  may  be  complete  or  incomplete.  In  the  former  the 
capsule  suffers  injury  to  the  glenosesamoid  plate,  which  is  torn  from  its  connection  Jo  the 
metncarpal  bone  ;  and  the  .inletiur  parts  of  the  lateral  ligaments,  especially  the  outer,  are 
Usunlly  lorn  also.  The  dorsal  ligament  may  e.icape.  but  is  raptured  if  (he  phalanx  passes 
far  nn  lo  the  dorsum  of  the  metacarpal  bone.  I.ilde  injury  is  suffered  by  the  ihorl  muscles 
of  the  thumb,  the  outer  head  of  the  flexor  btevis  pollicis  being  the  only  one  torn,  and  this 
in  its  nntetior  psrt.  and  not  sulHclenlly  to  separate  it  from  its  sesamoid  bone.  I'he  tendon 
of  the  long  fleior  is  usually  displaced  inward,  lying  behind  the  prominence  of  the  head  of 
the  metacarpal  bone,   on  the  expansion  of  the  short  muscles. 

The  difficulty  enpetiented  in  the  reduction  of  this  dislocation  has  been  variou.sly  attrib- 
uted to  the  tight  grasping  of  the  neck  of  the  metacarpal  bone  bv  the  slit  in  the  capsule,  to 
the  contraction  of  the  short  muscles  and  a  similar  cripping  of  the  head  between  them,  and 
to  the  interposition  of  the  ca]jsule  or  parts  of  it  between  the  joint- surfaces.  Of  these  three 
explanations,  it  is  not  possible  fo  exclude  entirely  the  first  two ;  but  they  appear  to  have 
depended  on  an  incomplete  attention  to  the  peculiarities  nf  ihe  anterior  -'Segment  of  the 
capsule.  From  what  has  been  already  said  it  will  be  seen  that  the  primary  gap  in  the  cap- 
sule depends  on  the  separation  of  the  glenoid  ligament  from  the  metacarpal  bone — that  is, 
a  transverse  'lit  at  Ihe  proximal  part  of  the  joint.  In  the  incomplete  dislocations  the  sep- 
arated margin  is  drawn  oil  lo  the  head  of  the  metacarpal  bone,  together  with  Ihe  sesa- 
moid bones,  but  does  not  pass  the  point  of  greatest  convexity  of  the  head.  In  this  condi- 
tion no  difficulty  in  reduction  is  likely  lo  arise.  In  the  complete  dislocations,  rupture  of 
the  anlerior  part.-  of  the  lateral  ligaments,  particularly  (he  external,  enlarges  Ihe  gap ;  and 
this  may  be  further  intreased  by  a  vertical  separation  of  ihe  Iwo  sesamoid  bones.  The 
freed  mai^in  of  the  gienosesamoid  plate  now  crosses  the  dorsal  aspect  of  Ihe  head,  and 
forms  an  actual  septum  between  the  margin  of  the  phalanx  and  Ihe  joint-cavity.  When 
unsuccessful  efforts  at  reduction  are  made,  one  of  two  things  occurs — either  the  gienosesa- 
moid plate  is  bent  shorply  backward  al  its  point  of  union  with  the  phalanx,  and  covers  its 
concave  base,  forming  a  wedge  which  prevents  tlie  return  of  tlie  bones  into  position  by 
greatly  increasing  the  tension  of  Ihe  lateral  ligaments ;  or.  in  the  movement  of  flexion,  the 
gienosesamoid  plate  is  flattened  out  on  the  dorsum  of  the  mctacarjial  bone  by  the  pull  of 
the  short  flexor  muscles,  its  anlerior  smooth  surface  resting  on  the  bone,  and,  the  sesamoid 
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bnocK  being  mlated  to  that  their  cartilaginous  surfaces  look  backwatil  and  oulwani, 
the  phalanx  assuiDlng  the  extended  position,  with  corresponding  shortfning  of  the 
fhumb.  Further  etlbtu  at  reduction  now  only  teiul  10  the  production  of  the  lirst  conditign 
described. 

Symptoms. — In  dorsal  dislocation  the  thumb  is  flexed  at  the  meta- 
carpophalangeal joint ;  if  the  dislocation  is  incomplete,  to  an  obtuse 
angle;  if  complete,  to  a  right  angle.  In  the  latter  case  the  thumb  is 
shortened;  the  distal  phalanx  is  usually  flexed  and  difficult  to  extend. 
The  phalangeal  section  is  also  commonly  somewhat  adducted.  The 
head  of  the  metacarpal  bone  forms 
a  palmar  prominence.  On  palpa- 
tion the  head  of  the  metacarpal 
bone  can  be  felt  anteriorly,  and 
the  base  of  the  phalanx  on  its  pos- 
terior aspect.  Caremust  be  taken 
not  to  mistake  the  wide  base  of 
the  phalanx  for  the  metacarpal 
htiad — an  error  which  has  been 
made  when  the  parts  wereobscured 
by  much  surrounding  swelling. 
A  continuance  of  the  violence  or 
efforts  at  reduction  may  some- 
times result  in  the  further  dis- 
placement mentioned  under  the 
heading  of  Pathology.  The  pha- 
lanx is  then  extended  and  parallel 
to  the  metacarpal  bone ;  there  is 
considerable  shortening  of  the 
base  of  the  phalanx,  sometimes 
reaching  as  far  as  the  middle  of 
the  metacarpal  shaft,  and  the  ver- 
tical diameter  of  the  thumb  is 
nearly  doubled. 

Palmar  dislocation  is  very  rare.  It  is  usually  the  result  of  direct 
violence.  The  dorsal  aspect  of  the  capsule  is  torn,  and  the  glcnosesa- 
moid  plate  separated  from  the  metacarpal  bone.  On  inspection  the 
proximal  phal.inx  is  usually  flexed,  and  this  position  is  combined  with 
some  vertical  rotation  of  the  thumb,  due  to  the  inability  of  the  convex 
oval  margin  of  the  phalanx  to  rest  exactly  on  the  convex  metacarpal 
head  ( Harden heuer),  and  also  to  slight  adduction.  The  distal  phalanx 
is  extended.  The  long  extensor  tendons  cross  the  angle,  or  are  some- 
times interposed.  On  palpation,  the  head  of  the  metacarpal  bone  is 
readily  mapped  out.  and  a  corresponding  gap  in  front  of  it.  The  base 
of  the  phalanx  may  be  felt  anteriorly. 

Diagnosis. — The  differential  diagnosis  depends  on  a  careful  atten- 
tion to  the  points  above  detailed.  It  should  be  remembered  that  dis- 
locations of  the  thumb  are  generally  accompanied  by  much  immediate 
swelling  and  subsequent  local  inflammation. 

Prognosis. — The  difficulties  of  reduction  in  certain  cases  have  been 
already  alluded  to.  and  will  find  further  mention  under  the  heading  of 
Treatment.     The  anterior  dislocations  are  difficult  to  retain  in  position. 


Pig.  311. — Dislocation  of  Ihe  ihumb. 
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If  either  dislocation  remains  unreduced,  the  function  gradually  improves 
with  time  and  use,  and  may  be  fair. 

Trfalmcnt. — In  dorsal  displacements  this  consists  in  liyperextension. 
The  base  of  the  phalanx  is  pushed  forward  by  one  thumb  of  the  oper- 
ator, while  the  tip  is  forcibly  pressed  upon  by  the  other,  so  as  to  tilt 
the  base  over  the  head  of  the  metacarpal  bone  without  danger  of  inter- 
posing the  glcnosesamoid  plate.  Some  adduction  may  be  combined, 
if  necessary,  to  utilize  the  generally  wider  tearing  of  the  external  lateral 
ligament.  The  older  method  of  primary  flexion  of  the  metacarpal 
bone  together  with  traction  and  direct  pressure  is  less  satisfactory,  as 
more  likely,  by  releasing  and  altering  the  direction  of  the  pull  of  the 
short  muscles,  to  allow  of  interposition  of  the  glenosesarnoid  plate. 
The  method  proposed  by  Palmer  of  making  a  small  opening  on  the 
palmar  surface  for  tlie  introduction  of  a  lever  across  tiic  head  of  the 
metacarpal  bone  and  beneath  the  base  of  the  phalanx  is  worthy  of 
trial.  In  palmar  dislocations  the  thumb  should  be  fully  flexed  and 
direct  backward  pressure  made  on  the  base  of  the  phalanx,  while  the 
head  of  the  metacarpal  bone  is  pressed  in  an  opposite  direction. 

La.stly,  if  the  dislocation  defies  ordinary  methods,  the  best  resort  is 
arthrotomy  with  a  radial  incision.  Subcutaneous  tenotomy  has  been 
recommended  and  much  employed — often,  however,  unsuccessfully, 
as  might  be  expected  if  the  glcnosesamoid  plate  is  the  chief  cause  of 
difficulty.  If  arthrotomy  fails,  excision  of  the  head  gives  verj'  good 
results;  but  it  is  usually  demanded  by  old  cases  only.  In  dislocations 
of  the  thumb  even  the  interval  of  a  few  days  is  of  great  prognostic 
importance,  as  far  as  reduction  is  concerned.  Compound  dislocations 
are  to  be  treated  conservatively,  resection  being  admissible  only  in 
special  cases.     Good  results  arc  generally  obtained. 

Metacarpophalangeal  Joints  of  the  Fingers — Dislocations  of  these 
joints  are  uncommon,  although  not  so  rare  as  old  statistics  would  lead 
us  to  believe.  Thus,  of  812  dislocations  of  all  joints  observed  at  St 
Thomas's  Hospital,  86,  or  10.59  P'^''  cent,  were  of  the  fingers.  These 
were  distributed  as  follows  :  Metacarpophalangeal,  14  ;  first  interphalan- 
geal.  20;  second  interphalangeal,  17;  and  joint  unstated,  35. 

These  joints  differ  from  that  of  the  thumb  in  the  possession  of 
lateral  mobility,  and  in  the  anterior  ligament  being  a  simple  glenoid 
plate  without  sesamoid  bones.  Dislocation  is  most  commonly  dorsal, 
rarely  palmar,  and  in  the  case  of  the  index  and  little  fingers  lateral  dis- 
placement has  occasionally  been  observed.  The  ring  finger  is  very 
rarely  dislocated. 

Symptoms. — The  signs  vary  only  slightly  in  degree  and  in  the  dif- 
ferent outline  of  the  joint  from  those  already  detailed  fully  in  the  case 
of  the  thumb,  and  the  same  methods  of  reduction  may  be  tried. 

Interphalangeal  Joints. — The  anatomy  of  these  joints  resembles 
that  of  the  metacarpophalangeal,  varying  only  in  the  lesser  degree  of 
strength  and  in  the  presence  of  a  double  condylar  head  to  the  pha- 
langes. The  donsal  and  palmar  displacements  are  accompanied  by 
precisely  similar  signs  to  those  observed  in  the  proximal  joints. 

The  .special  variety  of  dislocation  is  the  partial  lateral  one.  This  is 
due  to  lateral  flexion  of  the  joint,  leading  to  rupture  of  one  lateral  hga- 
ment  and  the  escape  of  the  phalanx  to  the  corresponding  side,  the 
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inner  condyle  of  the  proximal  phalanx  resting  in  the  outer  cavity  at 
the  base  of  the  distal  phalanx,  or  xicg  versa,  as  the  case  may  be.  These 
dislocations  are  unaccompanied  by  shortening  or  by  marked  flexion. 
The  finger  is  usually  extended,  the  long  axis  is  distorted,  and  lateral 
prominences  are  to  be  felt  corresponding  to  the  uncovered  condyle  of 
the  proximal  phalanx  and  the  base  of  the  distal  one.  All  are  best 
treated  by  traction  and  direct  pressure  on  the  displaced  bone.  What 
has  been  said  as  to  the  treatment  of  compound  dislocation  of  the 
thumb  holds  good  here. 

Tibia. — According  to  the  general  mode  of  classification,  disloca- 
tions of  the  knee  are  regarded  as  displacements  of  the  tibia :  but  it 
should  be  pointed  out  that  in  all  cases  it  is  the  femur  which  bursts  the 
capsule,  and  therefore  takes  the  more  active  part  in  the  production  of 
the  injury. 

As  [Eie  central  joint  of  the  long  lever  rormed  by  the  lower  exlremity,  the  knee  has  lo 
withstand  greater  strain  thnn  any  other  anicutntinti  in  the  body.  lis  power  to  do  this 
depends  on  several  special  characteristics.  In  the  first  plate,  the  bony  contact  ciceeds  in 
surfjce-area  that  of  any  <»ther  joint  in  the  bodv.  A  very  shallow  cavity  is,  however,  offered 
by  the  tuberosities  of  the  tibia — a  [Kiint  of  importance  as  to  the  possible  occurrence  of  dis- 
location, since  no  b<»ny  prominence  exists  to  act  as  an  abnormal  fulcnun  in  forced  move- 
ments of  the  joint  and  throw  eicessive  strain  on  the  ligaments.  The  stability  of  the  joint 
depends  further  on  the  density  of  the  sunounding  fascia  with  its  abundant  muscular  inser- 
tions, the  numerous  surrounding  tendons,  the  Titrenglh  and  number  uf  the  ligaments,  espe- 
cially the  crucial,  and  the  s|wciBl  arrangemi^iil  of  (he  interarticular  cartilages,  by  which  a 
contact  of  (he  bonv  surfaces,  as  exact  and  extensive  as  p(»ssible.  is  ensured  in  alt 
position'-,  in  spile  of  the  variations  in  the  curi-e  of  the  condyles  of  the  femur.  The 
substitution  of  muscular  expansion  for  a  strong  capsule  on  the  aspect  of  Ihe  joint  roosl 
affected  by  its  movements  finds  here  its  must  strilfing  example  in  the  arrangemenl  of  the 
quadriceps  tendon:  while  in  the  uhliifue  fasciculus  of  the  posterior  ligament  we  have  an 
excellent  examptc  of  the  streng(bening  and  modihca(ion  in  character  of  a  ligament  by  Ihe 
addilion  of  a  tendinous  inseilioo — that  uf  ihe  semi  mem  bmnosu*.  The  importance  of  the 
latter  arrangements  lo  the  slatiility  of  an  articulation,  such  as  the  tnte,  is  evident,  since,  if 
taken  by  surprise,  (he  strain  is  not  Ihojwn  against  an  inelastic  band  of  while  fibrous  tissue, 
like  a  pure  ligament,  but  against  a  structure  which  is  to  some  exieni  under  a  muscular  or 
contractile  conlroi  cap^tble  of  breaking  and  modifying  a  sudden  shock. 

Frequency  of  Occurrence. — Dislocations  of  the  tibia  are  rare.  In 
812  dislocations  seen  at  St.  Thomas's  Hospital,  i  example  occurred,  or 
0.123  P^''  cent.  In  Kronlein's  statistics,  4  occurred  in  a  total  of  403 
dislocations,  or  I  per  cent.     Not  one  of  the  whole  5  was  complete. 

Causation  and  Classification.— The  sagittal  dislocations  generally, 
and  the  lateral  always,  are  the  result  of  indirect  violence,  and  are  caused 
by  falls  on  the  feet  followed  by  an  excessive  mo\ement  of  the  knee, 
due  to  the  further  progress  of  the  body.  Forward  displacement 
usually  results  from  hyperex tension,  such  as  may  be  caused  by  falling 
forward  of  the  body  when  the  foot  and  leg  are  fixed  in  a  hole.  The 
condyles  of  the  femur  reach  the  anterior  border  of  the  tibia,  and  are 
thrown  against  Ihe  posterior  part  of  the  capsule;  this  and  the  posterior 
part  or  whole  of  Ihe  lateral  ligaments  are  ruptured  by  the  condyles,  and 
a  dislocation  occurs.  In  Ihe  lateral  dislocations  a  movement  of  abduc- 
tion or  adduction  of  the  knee  in  the  same  way  throws  the  femur  against 
the  opposite  lateral  ligament,  which  is  ruptured,  and  allows  a  dislocation 
to  be  produced  in  the  opposite  direction.  The  sagittal  displacements  may 
also  be  produced  by  direct  violence;  thus,  an  anterior  dislocation  may 
result  from  the  falling  of  a  heav>'  body  on  the  front  of  the  thigh  with 
a  flexed  knee,  the  femur  being  driven  backward;  or  a  posterior  dislo- 
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cation  may  result  from  a  blow  received  by  the  anterior  aspect  of  the 
tibia  with  a  slightly  or  fully  flexed  knee.  A  case  of  lateral  dislocation 
from  violence  exerted  on  the  side  of  the  thigh  with  a  fixed  leg  has 
also  been  recorded. 

Pathology. — A  large  propotlion  of  Ihe  rnnranl  dislocations  vn  incomijlele,  a  still 
larger  of  (he  posierior,  while  Ihe  lateral  nre  nearly  always  intomplete. 

Symptoms. — In  fonvani  iihloi:ation  the  knee  Is  usually  extended 
or  hypercxtended,  the  latter  position  causing  a  posterior  inflexion. 
The  tubercle  of  the  tibia  is  very  prominent.  From  it  the  tense  liga- 
mentum  patellae  slopes  backward,  with  a  hollow  on  either  side,  and 
above  this  the  patella  itself  is  seen  bounding  a  considerable  hollow 
over  the  lower  end  of  the  femur.  The  popliteal  hollow  is  obliterated, 
and  the  anteroposterior  diameter  is  considerably  increased.  In  com- 
plete dislocation  shortening  of  from  i  to  4  inches  has  been  observed. 
On  palpation  the  anterior  margin  of  the  head  of  the  tibia  is  fell  on 
either  side  of  the  Hgamentum  patella:,  and  in  complete  dislocations  the 
outline  of  the  facets  on  its  upper  surface  can  be  made  out.  The  patella 
itself  lies  in  a  more  or  less  sloping  position  over  the  upper  end  of  the 
tibia.  The  expansion  of  the  quadriceps  is  loo.se  and  in  folds  which 
obscure  the  upper  margin  of  the  patella.  Posteriorly  the  condyles  are 
readily  felt,  and,  when  the  gastrocnemius  is  much  lacerated,  may  be 
actually  subcutaneous.  On  manipulation  little  movement  is  possible, 
unless  the  ligamentous  laceration  is  unusually  free,  and  then  the  leg 

simply  hangs  loosely.  The  ves- 
sels in  the  popliteal  space  may 
be  compressed,  and  there  may 
be  great  pain  from  pressure  on 
the  popliteal  nerves. 

In  backivard  dislocation  the 
limb  is  usually  extended  or 
hyperextended.  The  same  in- 
crease in  the  anteroposterior 
diameter  is  observed  as  in  the 
forward  varietj',  and  if  the  dislo- 
cation is  complete  there  is  short- 
ening of  the  leg.  Anteriorly  a 
prominence  is  seen  above  the 
level  of  the  joint-cleft,  consisting 
of  the  condyles  of  the  femur; 
posteriorly,  one  due  to  the  dis- 
placed head  of  the  tibia,  which 
may  be  above  or  below  the  level 
of  the  joint-cleft,  according  as 
the  displacement  is  complete  or 
not.  Hollows  exist  below  and 
above  these  prominences,  and 
patella  may  be  observed  crossing  the 


Flc  313. — Backward  dislocation  of  ihe  tibiii. 


the  outline  of  the  ligamentum 
anterior  one. 

On  palpation  the  outline  of  all  the  upper  part  of  the  trochlea  may 
be  mapped  out  on  the  prominent  condyles,  while  on  either  side  of  the 
ligamentum  patells  the  under  surface  of  the  condyles  may  be  felt 
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In  complete  dislocation  the  patella  itself  is  horizontally  applied  to  the 
under  aspect  of  the  condyles  in  their  center.  The  prominent  margin 
of  the  head  of  the  tibia  may  be  felt  posteriorly.  On  manipulation 
little  movement  is  possible,  and  this  only  in  the  direction  of  flexion, 
togetlier  with  some  abnormal  lateral  mobility. 

Lahral  dklocatioits  are  seldom  complete,  and  as  the  movement  of 
forced  abduction  is  so  much  more  frequent  than  that  of  adduction,  dis- 
placement outward  is  the  commoner  variety. 

On  inspection  the  hmb  is  usually  found  extended,  the  foot  rotated 
out  in  the  outward  variety,  and  the  reverse  when  the  displacement  is 
inward.  The  lateral  diameter  of  the  limb  is  increased.  A  prominence 
exists  on  either  side,  that  above  the  level  of  the  joint-cleft  correspond- 
ing with  a  femoral  condyle,  the  skin-covering  of  which  is  usually  tense 
and  shining,  and  that  below  corresponding  with  a  tibial  tuberosity. 
On  palpation  the  outline  of  the  condyle  and  tuberosity  respectively 
can  be  mapped  out,  and  the  trochlear  surface  of  the  femur  is  also  trace- 
able, since  the  patella  is  carried  with  the  tibia  over  the  margin  of  the 
condyle. 

Prognosis. — Immediate  reduction  is  seldom  difficult;  indeed,  the 
bystanders  after  one  of  these  accidents  have  not  unfrcquenlly  reduced 
the  dislocation  by  pulling  the  leg.  The  prognostic  importance  depends 
on  the  extensive  hgamentous  rupture,  which  leaves  permanent  weak- 
ness, and  may  be  followed  by  deformity,  such  as  bowed  leg  or  knock- 
knee.  In  simple  cases  the  most  serious  complications  are  dependent 
on  injury  to  the  vessels.  Gangrene  has  been  seen  to  occur,  either 
within  the  first  few  days  or  as  late  as  the  fourth  week.  In  this  respect 
backward  dislocations  have  proved  themselves  more  dangerous  than 
forward  ones,  since  the  artery  has  not  the  advantage  of  the  protection 
offered  by  the  popliteal  notch  of  the  femur. 

Treatment — The  simplest  method  of  reduction  is  the  best,  and  is 
generally  applicable.  Traction  is  made  in  the  axis  of  the  displaced 
bone,  while  direct  pressure  is  made  on  the  two  articular  extremities 
in  the  required  direction — /.  c,  backward  or  forward  for  the  femur,  and 
downward  for  the  tibia.  If  this  fail,  traction  followed  by  flexion  may 
be  tried  in  the  forward  and  backward  varieties.  If  necessary,  the  fore- 
arm of  an  assistant  may  be  placed  in  the  p0plite.1l  space,  both  to  pro- 
duce some  extension  and  to  act  as  a  fulcrum.  In  the  lateral  varieties 
a  combination  of  abduction  or  adduction,  whichever  has  led  to  the 
original  injurj-,  will  be  best  combined  with  traction. 

After-care  needs  to  be  verj'  prolonged.  A  fixed  support,  such  as  a 
pi astcr-of- Paris  splint,  must  be  constantly  worn  for  at  least  six  weeks, 
and  should  be  removed  only  for  the  application  of  massage  to  the 
muscles  above  and  below  the  joint.  Gentle  passive  movement  may 
then  be  made,  and  as  strength  increases,  active  exercises  should  be 
cautiously  commenced.  A  hinged  lateral  support  should  be  worn  for 
at  least  a  year,  and  it  may  be  advisable  to  retain  it  still  longer  if  there 
is  any  npprcciable  Literal  weakness.  Compound  dislocations  are  very 
rare,  and  must  be  treated  on  general  principles.  Commonly  the  only 
substitute  for  conservative  treatment  is  amputation. 

Co'igcmta!  tUsIoeation  is  occasionally  met  with,  and  may  be  sym- 
metrical. 
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Isolated  Dislocation  of  the  Fibula. — This  accident  is  a  rare 
one.  The  upper  end  of  iho  bone  ts  occasionally  displaced  by  direct 
violence  or  by  forcible  contraction  of  the  biceps.  It  may  also  cent- 
plicate  a  fracture  of  the  upper  third  of  the  tibia.  A  case  is  on  record 
in  which  both  ends  were  separated,  dislocation  first  occurring  at  the 
ankle,  and  the  bone  being  then  driven  bodily  upward. 

Symptoms. — Displacement  of  the  upper  end  is  readilj-  recognized 
by  palpation  of  the  head,  which  is  situated  either  too  far  forward  or 
backward,  and  in  one  recorded  case  was  upward.  The  outer  surface 
of  the  leg  is  flattened,  a  depression  takes  the  place  of  the  normal 
prominence  of  the  head,  the  biceps  tendon  is  tense,  and  power  of 
extension  of  the  leg  is  more  or  less  impaired. 

Treatment. — The  head  should  be  reduced  by  direct  pressure,  and 
the  limb  slightly  flexed  and  put  up  in  plaster  of  Paris,  The  small 
area  of  the  joint-surfaces  and  the  pull  of  the  biceps  are  unfavorable  to 
a  good  result.  Small  inconvenience,  however,  seems  to  have  resulted, 
but  the  obvious  treatment  is  to  fix  the  head  of  the  bone  to  the  tibia, 
either  by  a  screw  or  a  suture. 

Patella. — The  position  of  the  patella  is  maintained  by  the  various 
parts  of  the  quadriceps  extensor  cruris,  any  vertical  movement  being 
necessarily  controlled  by  the  attachment  of  the  ligament  to  the  libia. 
Lateral  shifting,  however,  is  possible  in  the  groove  of  the  femoral 
trochlea,  especially  in  the  extended  position. 

The  obliquity  of  Ihc  Ihigh  necessilales  a  corrcspCindiiiE  slope  in  ihe  inwnrcl  direclion  of 
llie  <juadricc|is.  wliich  \%  huwevet,  Id  a  small  degree  reversed  in  Ihe  lignmcnluin  palelli. 
Hence,  in  the  nonnal  ^^talc  the  imlclTa  forms  the  apex  of  a  Irisngle,  ^ulient  inward.  To 
neulraliie  the  conse<iiieiit  tendency  to  uulward  displaeemenl  of  llie  knee-cap  when  Ihe  mus- 
cle conlmcts,  we  lind  that  the  va^ius  inlemtis  haa  a  much  more  extensive  muscular  insenion 
iniij  ihe  inner  paldlar  margin  than  the  vnsius  extemus  has  In  the  outer.  In  spite  of  this 
arrangement,  the  compfliHtivc  fref|uency  of  outward  displacements  and  ihe  raritv  of  inward 
ones  conclusively  detnonstrale  ihe  inHuence  of  the  anatninical  arrangemeni.  In  the  posi- 
tion of  flexion  Ilie  patella  .sinks  deeply  into  the  inlercondyiar  notch  overlying  Ihe  cleft  of 
Ihe  knee-joini,  and  lateral  <lisplacemenl  is  opposed  bv  the  tension  of  the  quadriceps.  In 
exlension,  on  the  other  hand,  the  patella  is  piomineni,  tesis  on  the  trochlea  by  its  lower 
part  only,  and  the  quadriceps  is  not  stretched ;  hence,  extension  is  ihe  position  of  danger 
ibr  the  patella. 

Frequency  of  Occurrence. — In  the  812  dislocations  seen  at  St. 
Thomas's  Hospital.  3  were  of  the  patella,  or  a  ratio  of  .24  per  cent. 
Kronlein  saw  3  in  400  dislocations,  or  .75  per  cent. 

Causation  and  Classification. — Dislocations  of  the  patella  are 
usually  the  result  of  sudden  contraction  of  the  quadriceps,  and  there- 
fore they  arc  due  to  muscular  action  ;  but  they  may  be  caused  by 
direct  violence  in  blows  or  falls,  the  margin  of  the  bone  being  the  point 
of  impact 

The  bone  is  commonly  dislocated  outward  ;  verj-  rarely  in  the  oppo- 
site direction.  Dislocation  outward  relaxes  the  quadriceps,  inward  tight- 
ens it — another  reason  for  the  rarity  of  the  inward  variety.  Dislocation 
upward  results  only  from  rupture  of  the  hgamentuni  patell.-c  (Fig.  314). 
Beyond  these  forms,  a  rotatory  displacement,  in  which  either  the  inner 
or  outer  margin  of  the  bone  rests  in  the  notch  between  the  condyles, 
occurs;  and  this  maybe  complete,- the  articular  surface  looking  for- 
ward. 

Luxation   outward    in    cases   of   knock-knee  is   by   no   means   a 
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rare  spontaneous  occurrence,  and  hence  a  degree  of  genu  valgum 
only  sbghtly  emphasizing  the  normal  physiological  arrangement  must 
be  looked  upon  as  predisposing  to  the  occurrence,  and  no  doubt 
does  explain  some  cases  of  outward  displacement.  In  congenital  dis- 
placements of  this  bone,  genu  valgum  results,  and  it  has  also  been 
observed  to  develop  as  a  result  of  unreduced  traumatic  dislocations. 

Pathology. — -A.  ^lit  is  praduccd  in  llie  iiide  of  the  capsule  oppnsiie  ihst  uf  the  itis- 

ElacemenL     Vertical  dUplacemcnt  makes  a  double  slil  neccKsaiy.    Tcn<ui>D  of  ihe  TcmaiDiiiK 
Rods  is  asuslty  rqpjiled  u  the  cauae  of  ihe  lixation  of  (he  bone  in  false  positioD. 

Symptoms. — In  lateral  dislocations,  when  displacement  is  complete, 
the  knee  is  about  one-quarter  flexed ;  in  incomplete  dislocations  it  is 
sometimes  extended.  The  front 
of  the  knee  is  widened,  the  nor- 
mal prominence  of  the  patella  is 
shifted  to  one  or  the  other  side, 
and  a  hollow  exists  in  its  position 
over  the  center  of  the  femur, 
bounded  by  the  prominent  mar- 
gin of  the  displaced  patella.  On 
palpation  the  position  of  the  pa- 
tella may  be  determined,  while 
either  the  whole  or  part  of  the 
outline  of  the  trochlea  may  be 
traced,  in  addition  to  the  abnor- 
mally coursing  ligamentum  pa- 
tells.  On  manipulation  little 
movement  is  possible,  and  that 
very  painful. 

In  rotatory  dislocation,  the 
knee  is  extended,  a  central  prom- 
inence formed  by  the  margin  of 
the  patella  increases  the  sagittal 
diameter  of  the  Hmb,  and  on 
either  side  of  this  is  a  hollow. 
On  palpation  the  position  of  the 
patella  and  the  direction  of  its 
cartilaginous  surface  arc  readily  determined.  The  quadriceps  is  very 
tense.  Complete  rotation  is  seen  both  as  a  result  of  muscular  action 
or  complete  violence. 

Prognosis. — The  function  of  the  limb  becomes  fair,  even  if  the  dis- 
placement is  unreduced;  but  both  flexion  and  complete  extension  arc 
somewhat  interfered  with. 

Treatment. — To  reduce  the  di.splacements,  the  hip  must  be  flexed 
and  the  knee  extended,  while  direct  pressure  is  made  upon  the  patella. 
If  this  fails,  forcible  flexion,  followed  by  extension,  may  be  tried.  In 
suitable  individuals,  where  these  methods  are  unsuccessful,  an  open  inci- 
sion may  be  made,  and  after  division  of  the  ten.se  bands  of  the  capsule, 
the  patella  may  be  temporarily  fixed  in  position  with  a  peg  or  screw. 
Cases  of  rotatorj'  displacement,  however,  are  on  record  where  even  the 
open  method  has  failed. 

41 


Flo.    314. — Ruplutp    of    Ihe    ligamenlum 

pali^llar ;    upward   {lispliict^mcnt   of    the   bone 
(St.  Thomas's  Mukuri.  London). 
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Foot. — The  ankle  forms  one  of  the  purest  examples  of  the  liinge- 
joint.  lateral  movement  being  opposed  by  strong  radiating  HgamenL-i, 
and  large  bony  processes  extending  over  the  entire  lateral  aspects. 
Under  these  circumstances  it  will  be  readily  understood  that  lateral  dis- 
placements do  not  occur  without  fractures  of  the  bones ;  thus,  a  partial 
outward  displacement  is  always  treated  of  as  Pott's  fracture,  and  a  more 
complete  one  as  Dupuytren's,  while  inward  displacements  are  accom- 
panied by  fracture  of  the  internal  malleolus.  These  will  therefore 
meet  with  no  further  mention  here.  An  upward  displacement  is  often 
described,  the  dislocation  being  not  of  the  astragalus  alone,  but  com- 
bined with  a  diastasis  of  the  inferior  tibiofibular  articulation.  Although 
there  is  some  doubt  as  to  whether  this  separation  is  not  actually  due,  in 
most  cases,  to  an  obhquc  fracture  of  the  tibia,  it  demands  brief  notice 
here.  It  has  been  caused  by  falls  on  the  foot  in  a  horizontal  position. 
The  signs  consist  in  a  widening  of  the  transverse  diameter  of  the  ankle, 
approximation  of  the  malleoli  to  the  margin  of  the  sole,  and  extreme 
fixity  of  the  foot.  Reduction  has  proved  extremely  difficult  or  impos- 
sible. 

Sagittal  Dislocations. — Pure  forward  and  backward  dislocations  of 
the  foot  occur  rarely. 

FreqiHticy  of  Occurrence. — In  812  dislocations  observed  at  St. 
Thomas's  Hospital,  i  of  backward  dislocation  occurred,  or  O.I2  per 
cent.     In  Kronlein's  statistics,  2  occurred  in  400,  or  0.5  per  cent. 

Causation. — The  majority  of  observed  instances  have  been  the  result 
of  indirect  violence,  the  tibia,  strictly  speaking,  being  the  bone  dislocated. 
Thus,  the  backward  and  more  common  variety  has  been  caused  by  falls 
on  the  feet,  the  body  falling  forward ;  or  the  knee  and  ankle  are  flexed 
to  a  degree  in  which  the  tibia  bursts  the  posterior  ligament  and  pas.ses 
on  to  the  upper  surface  of  the  os  calcis  in  its  non-articular  portion. 
Again,  the  tibia  has  been  driven  backward  by  a  blow  upon  the  flexed 
knee  while  the  person  was  in  a  squatting  position.  Thus,  the  displace- 
ment is  the  result  of  hyperflexion.  Forward  dislocation  is  the  result 
of  the  opposite  movement  of  hyperex tension.  In  this  case  again,  falls 
on  the  feet  are  the  commonest  cause.  The  foot  tiecomes  the  fixed 
point,  and  the  body  falling  backward,  the  tibia  finds  an  abnormal  ful- 
crum in  the  posterior  margin  of  the  astragalus,  and  bursts  the  capsule 
anteriorly.  The  leg  has  been  known  to  form  the  fixed  point,  and  the 
foot  has  been  driven  forward  by  direct  violence  applied  to  tlie  heel. 

PatAology. — Complete  dislocalion  in  cither  direetion  necessitates  rupture  of  both  latenl 
ligamenls.  The-ie  are  very  strong,  so  thai  in  the  lateral  displaeemenls  fracture  is  common  ; 
thus,  the  internal  malleolus  has  been  fuund  fractured  in  (he  forward  variety,  and  the  cilemal 
in  the  backward.  Either  dislocalion  may  he  complete  or  intompiele.  In  the  cotriplete  for- 
ward, the  lihia  rests  on  Ihe  posterior  part  of  the  os  calcis  :  in  ihe  complete  backward,  on  the 
fore  part  of  the  aslraealus  and  scaphoid.  In  the  incomplete  varieties  the  tibia  rests  on  some 
part  of  the  articular  trochlea  of  the  aslragalus  by  its  anterior  or  posterior  margin.  Either 
variety,  when  complete,  causes  great  tension  of  Ihe  skin,  which  may  he  burst  or  give  way 
aecondarily  as  the  result  of  the  injurj'  it  has  sutfered. 

Symptoms. — In  dislocation  backward  the  foot  is  extended,  and  if  the 
external  malleolus  is  broken,  somewhat  abducted.  The  dorsum  of  the 
foot  is  shortened.  The  rounded  lower  end  of  the  tibia  is  prominent, 
and  below  it  a  marked  groove  or  crease  of  the  skin  corresponds  with 
the  cleft  of  the  ankle-joint.     The  heel  projects  strongly,  and  the  dis- 
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tance  between  it  and  the  malleolus  is  increased.  The  tendo  Achillis  is 
prominent,  and  forms  a  sharp  cur\-e,  concave  backward ;  a  deep  hollow 
exists  on  either  side  of  it.  On  palpation  the  relation  of  the  bony  parts 
can  be  confirmed,  and  possibly  the  astragalus  felt  in  its  new  position 
from  one  or  the  other  side  of  the  tendon.  On  manipulation  little 
movement  is  possible,  and  attempts  at  it  are  vety  painful. 

In  dislocations  forward  the  foot  is  moderately  extended,  the  dorsum 
elongated,  the  heel  deficient  in  prominence.  The  tips  of  the  malleoli 
arc  approximated  to  the  sole;  the  tendo  Achillis  falls  vertically.  On 
palpation  the  malleoli  can  be  felt  on  either  side,  in  very  close  proximity 
to  the  tendo  Achillis;  and  th5  upper  surface  of  the  astragalus  can  be 
traced  anteriorly.  If  the  displacement  is  incomplete  in  either  direction, 
the  signs  are  similar,  but  less  strongly  marked. 

Diagnosis. — The  main  point  in  the  diagnosis  of  these  injuries  is  the 
alteration  of  the  relation  of  the  malleoli  to  the  bones  of  the  tarsus. 
Determination  of  this,  taken  with  the  alterations  in  the  appearance 
already  described,  will  obviate  any  source  of  error. 

Prognosis. — Beyond  a  slightly  marked  tendency  to  recurrence,  these 
dislocations  offer  little  difficulty.  If  unreduced,  the  function  of  the 
foot  is  much  interfered  with. 

Treatment. — The  knee  is  flexed  to  relax  the  tendo  Achillis,  and 
traction  made  on  the  foot,  combined  with  flexion  or  extension  in  the 
forward  and  backward  dislocations  respectively.  The  foot  should  then 
be  fixed  in  a  plasler-of- Paris  splint.  The  date  for  the  commencement 
of  passive  movement  will  vary  with  the  amount  of  the  original  dis- 
placement and  the  consequent  degree  of  rupture  of  the  lateral  liga- 
ments. In  any  case  a  three  weeks'  interval  is  necessary,  and  an 
apparatus  is  needful  for  some  months.  Reduction  has  been  facilitated 
in  difficult  cases  by  tenotomy  of  the  tendo  Achillis,  In  unreduced 
dislocations,  excision  should  be  limited,  if  possible,  to  the  astragalus, 
and  consist  in  either  partial  or  complete  removal  of  that  bone.  The 
question  of  lateral  arthrotomy  with  osteoplastic  resection  of  one  of 
the  malleoli  may  also  be  considered  as  a  substitute. 

The  skin  in  the.se  dislocations  is  not  infrequently  much  contused, 
and  not  rarely  lacerated.  Great  care  must  be  exercised  in  the  appli- 
cation of  apparatus  when  the  contusion  is  severe,  and  also  caution  in 
the  application  of  cold.  Compound  dislocation  must  be  treated  on 
ordinary  lines ;  but  it  may  be  remarked  that  if  the  wound  is  other  than 
a  puncture  from  a  fractured  malleolus,  the  condition  of  the  soft  parts  is 
usually  unsuitable  for  an  excision,  either  partial  or  complete. 

SubastrasaloJd  Dislocations — The  movements  of  abduction  and 
adduction  of  the  foot  on  the  leg,  or  the  leg  on  the  foot,  when  the  latter 
is  the  fixed  point,  take  place  in  the  astragalocalcancan  joint,  around  an 
oblique  axis  corresponding  with  the  attachment  of  the  powerful  inter- 
osseous ligament. 

Thp  citTumfrtfiicc  of  the  joml  is  clciKi)  by  «  capsular  li^mcni  of  nrring  consistence, 
but  slirn);lhrncd  by  ihe  c»nlinuari»n  of  ihe  inlemal  UlFnil  llgiinienl  of  the  iiiktc  to  the 
mstenlaculuin  Uli.  ami  of  the  mi.ltlle  fasciculu-s  of  Ihc  ctlrnul  lateral  liKn'ifnl  I"  the  luber- 
cle  on  the  nuirr  suKace  of  (he  os  calda.  [.imilntlon  of  tnovrment  In  [he  aniculalion  \f  due 
to  booy  coniaci ;  thus,  of  the  posterior  anil  inner  |Jort  of  Ihe  »sirn;;alm  »-ilh  the  [Kisierior 
fttrt  of  Ihe  calcantmri  in  ad<liit:liun.  and  Ihe  head  of  (he  aslro^lus  wilh  Ihc  fi>rr  and  outer 
part  of  the  gtenirr  pnxest  of  (he  os  calcit  In  abdur(ion.      In  a  too  free  moTcment  in  either 
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direcllrin,  E^uch  as  occuis  in  alighliag  violently  iin  llie  fool,  the  body  fulling  to  ODC  side  or 
the  other,  n  false  fulenim  is  eilabliihcd  hy  bmiy  contatl,  and  sulfirienl  force  is  eiened  on 
the  ijiterosKc^iUK  ligament  to  tear  it  froiD  its  attachmenlA.  The  head  of  the  asfiagaLu.'^  then 
burslii  its  coniiecliuns  Willi  llie  KUphuid,  and  a  displacement  of  Ihe  niiuaining  bones  of  the 
tnisus  from  the  astragalus  and  the  hone^  of  the  leg  (ake^i  place,  either  in  an  inward  or  out- 
ward direction.  Lateral  oblique  dii^ilacemenlti  called  in  this  way  are  the  moat  conunon  ; 
but  very  rarely,  probably  as  a  tesuU  of  a  fleied  or  enlc-nded  position  of  the  foot,  or  of  direct 
violence,  a  more  or  le^  anterior  or  poi^lerior  one  may  take  place. 

Frequency  of  Occurrence. — In  8  i  2  dislocations  observed  at  St. 
Thomas's  Hospital,  4  subastragaloid  occurred,  a  ratio  of  .49  per  cent. 
All  were  of  the  oblique  inward  variety.  In  Kronlein's  statistics  no 
instance  was  noted. 

Causation. — Violent  adduction  or  abduction  due  to  falls  on  the  feet, 
the  latter  being  firmly  planted  on  the  ground,  or  more  rarely  actually 
fixed  mechanically.  With  a  fixed  foot,  violence  applied  laterally  to 
the  leg  may  act  in  a  similar  manner. 

Symptoms. — In  inward  dislocation  the  foot  is  adducted  and  rotated 
inward  in  its  fore  part.  The  inner  border  is  raised  and  concave.  The 
head  of  the  astragalus  forms  a  prominent  swelling  on  the  outer  part 
of  the  dorsum,  while  the  external  malleolus  is  prominent,  and  beneath 
it  is  a  hollow  corresponding  to  the  u.sual  position  of  the  os  calcis. 
The  internal  malleolus  is  ob.scurcd,  while  below  it  the  su.stentaculum 
tali  is  prominent,  and  also  the  lower  inner  margin  of  the  os  calcis 
(Fig,  315).  On  palpation  these  points  can  be  confirmed,  and  the 
articular  cavity  of  the  scaphoid  may  be  traced.  On  manipulation  the 
movements  of  fJexion  and  extension  are  allowed  to  a  limited  degree: 


Fig.  315. — Inward  subastragaloid  dislocation  (St.  Thomas's  Museum.  London) 


AH 


adduction   also  may  be  increased,  but  abduction  is  impossible, 
movement  is  very  painful. 

In  outward  dislocation  the  foot  is  abducted,  the  fore  part  externally 
rotated ;  but  the  outer  border  does  not  leave  the  ground,  so  that  an 
appearance  of  flat  foot   is  assumed.     The  internal  malleolus  is  very 
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prominent  and  the  skin  tense  over  it.  Anteriorly  the  head  of  the 
astragalus  is  prominent.  On  palpation  the  above  points  can  be  con- 
firmed, the  scaphoid  may  be  felt  on  the  dorsum,  and  along  the  outer 
border  the  margins  of  the  cuboid  and  os  calcis,  and  a  hollow  corre- 
sponding to  the  proper  position  of  the  astragalar  head.  On  manipu- 
lation adduction  is  impossible,  but  some  flexion  and  extension  can  be 
made ;  and  in  the  anterior  section  of  the  foot  there  may  be  some 
abnormal  mobility. 

The  forward  and  backward  displacements  are  very  rare,  and  prob- 
ably result  from  violence  of  the  same  nature  as  that  producing  the 
corresponding  dislocations  of  the  ankle. 

In  the  backward  dislocation  the  foot  is  shortened  and  the  head  of 
the  astragalus  rests  on  the  dorsum  of  the  scaphoid ;  the  heel  is  elon- 
gated and  the  tendo  Achillis  prominent.  Some  flexion  and  extension 
are  allowed  at  the  ankle-joint,  but  little  lateral  movement. 

In  the  fonvard  displacement  the  foot  is  lengthened  and  the  prom- 
inence of  the  heel  abolished;  movements  of  flexion  and  extension  at 
the  ankle  are  possible. 

Subastragaloid  dislocations  are  often  compound,  and  frequently 
complicated  by  fracture  of  the  neck  of  the  astragalus  and  of  the 
malleoli,  or  the  tearing  off  of  small  fragments  of  bone  with  the 
detached  ligaments. 

Diagnosis. — Discrimination  of  the  different  varieties  depends  on 
careful  determination  of  the  points  above  detailed;  but  it  may  be 
repeated  that  the  special  characteristic  of  subastragaloid  dislocations, 
as  compared  with  those  of  the  ankle,  is  the  retention  of  the  proper 
relation  of  the  astragalus  to  the  malleoli,  and  the  possibility  of  passive 
movements  of  flexion  and  extension,  while  adduction  and  abduction 
are  interfered  with. 

Prognosis. — Most  of  these  dislocations  are  reduced  fairly  easily  in 
the  recent  state.  If  left  unreduced,  a  very  unsatisfactory  foot  results. 
In  compound  dislocation  the  prognosis  is  usually  not  very  favorable, 
on  account  of  the  contusion  and  laceration  and  the  difficulty  of  pro- 
ducing and  maintaining  asepticity. 

TnatmiHl. — Reduction  is  best  effected  by  inducing  anesthesia  and 
then  flexing  the  leg  on  the  thigh,  the  thigh  being  held  by  an  assistant, 
who  makes  counterextension,  while  the  surgeon  makes  traction  on  the 
displaced  foot  and  sndeavors  to  manipulate  it  into  po.sition.  Tenotomy 
of  the  tendo  Achillis  maybe  necessary.  When  reduced,  the  foot  must 
be  put  up  in  plaster  of  Paris  and  be  kept  at  rest  for  at  least  six  weeks. 
If  reduction  proves  impossible,  the  foot  should  be  kept  at  rest  for  a 
few  days  to  allow  of  settling  down  of  the  damaged  structures,  and  the 
astragalus  may  then  be  partially  or  wholly  removed. 

In  this,  as  in  most  compound  dislocations  of  the  foot,  the  use  of 
antiseptic  baths  cannot  be  too  highly  recommended ;  and  as  a  pre- 
liminary to  this  treatment  it  is  well  to  suture  the  displaced  bones 
together,  .so  as  to  be  more  or  less  free  as  to  splints  in  the  movements 
ncccssarj'  to  the  perio<lic  removal  of  the  foot  from  the  bath.  The  need 
for  care  in  ensuring  that  no  injurious  pressure  shall  be  made  on  the 
leg,  and  in  not  allowing  the  tissues  to  become  sodden  by  a  too  long 
stay  in  the  bath,  need  only  be  mentioned. 


646 


INTERNATIONAL    TEXTBOOK  OF  SURGERY. 


Dislocations  of  the  Astragatus. — The  sheltered  position  of  the 
astragalus  makes  it  strange  that  it  should  be  the  bone  of  the  tarsus 
most  commonly  dislocated.  This  accident  is  said  to  occur  more  fre- 
quently than  even  subastragaloid  dislocation.  The  explanation  is  no 
doubt  found  in  the  fact  that  the  bone  receives  directly  the  whole  trans- 
mitted weight  of  the  trunk,  to  disperse  it  forward  and  backward  to  the 
remainder  of  the  tarsus. 

FrequcHcy  of  Occurrence. — In  8l2  dislocations  of  all  joints  at  St. 
Thomas's  Hospital,  2  of  the  astragalus  were  observed,  or  .246  per 
cent.     No  instance  occurs  in  Kronlcin's  series. 

Causation  and  Classification. — The  actual  mode  of  causation  of 
these  dislocations  is  far  from  clear.  It  would  naturally  be  expected 
that  the  violence  producing  them  would  correspond  with  that  produc- 
ing the  sagittal  dislocations  of  the  whole  tarsus  at  the  ankle — that  is, 
hyperextension  in  backward,  hyperflexion  in  forward,  displacements. 
Recorded  histories,  however,  do  not  altogether  support  this  theory, 
since,  for  instance,  forward  dislocation  has  been  observed  to  occur 
with  a  history  of  either  extension  or  flexion.  This  may  depend  in 
part  on  the  fact  that  exact  histories  of  an  accident  caused  by  sudden 
and  great  violence  are  seldom  altogether  reliable,  but  more  probably 
on  the  nature  of  the  violence  exerted,  which  is  seldom  simple  in  direc- 
tion, but  often  combined  with  severe  twisting  and  wrenching. 

The  bone  may  be  displaced  either  backward  or  forward ;  but  in 
either  case  a  lateral  direction  is  assumed,  usually  combined  with  some 
rotation.  Thus,  we  have  forward  and  inward,  forward  and  outward. 
backward  and  inward,  and  backward  and  outward  varieties.  The  lat- 
eral deviation  is  determined  by  the  position  of  the  fool  at  the  moment 
of  injury;  if  abducted,  the  inclination  of  the  astragalus  is  inward;  if 
adductcd,  outward.  Displacement  may  be  complete  or  incomplete,  and 
is  often  complicated  by  fracture  of  the  neck  of  the  bone. 

The  most  striking  variety  is  the  pure  rotatory.  Here  tlie  astrag- 
alus is  rotated  so  as  to  lie  on  one  side  or  the  other ;  or  it  may  even  be 
completely  reversed,  so  that  the  under  surface  is  directed  toward  the 
tibia.  It  may  take  a  horizontal  position  across  the  front  of  the  mal- 
leolar arch.  These  versions  probably  depend  on  the  fact  that  the 
primary  injury  is  a  .severe  wrench  or  twist,  in  which  the  astragalus 
first  loses  its  connection  to  the  bones  of  the  leg  and  accompanies  the 
rest  of  the  tarsus,  from  which  it  is  then  separated  by  the  final  pressure 
of  the  weight  of  the  body.  On  the  cessation  of  the  violence,  the 
tendency  of  the  foot  is  to  resume  its  normal  position.  The  remaining 
bones  of  the  foot  readily  do  this,  the  hollow  upper  surface  of  the  os 
calcis  turning  on  the  displaced  and  free  astragalus.  The  somewhat 
angular  astragalus,  however,  cannot  so  readily  turn  in  its  confined 
space,  and  hence  remains  rotated ;  or  the  rotation  may  be  increased  or 
completed  by  the  passage  of  the  os  calcis  to  the  median  line  beneath 
it  Again,  supposing  a  twist  severe  enough  to  bring  the  astragalus 
forward  out  of  the  tibiofibular  arch,  and  then  the  weight  of  the  body 
to  complete  its  separation,  as  the  violence  is  relinquished,  the  foot 
tends  to  resume  its  position,  while  the  astragalus  probably  hitches 
against  one  of  the  malleoli,  and  thus  its  transverse  direction  is  made 
more  pronounced  and  permanent. 
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Pure  lateral  displacements  have  been  described,  but  always  in  cases 
of  a  compound  nature,  and  usually  in  combination  with  fracture  of  a 
malleolus.  When  the  interosseous  ligament  is  completely  torn  from 
the  astragalus,  the  main  nutrient  vessels  which  enter  by  the  floor  of 
tlie  groove  are  all  lorn;  hence  the  frequent  occurrence  of  necrosis. 

Symptoms. — In  forward  displacement  the  astragalus  forms  a  marked 
projection  on  the  dorsum  of  the  foot,  either  to  the  inner  or  outer  side. 
according  to  the  lateral  direction  which  it  has  taken.  The  prominence 
resembles  in  outline  the  head  of  the  astragalus,  and  the  skin  is  tense 
and  shining  over  it.  The  malleoli  arc  approximated  to  the  margin  of 
the  sole.  The  foot  is  deflected  to  the  opposite  direction  to  that  taken 
by  the  head ;  the  corresponding  malleolus  is  prominent,  the  other 
sunken.  On  palpation  the  trochlea,  or  part  of  it.  can  be  felt,  as  well 
as  the  outline  of  the  head.     If  the  dislocation  is  complete,  the  head 
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Fid.  316. — Fonrord  and  outward  dislocation  of  the  aitrasalus  (St.  Thomas't 
Museum.  London). 

rests  on  the  cuneiform  bones;  if  incomplete,  on  either  the  inner  or 
outer  part  of  the  dorsum  of  the  scaphoid,  the  posterior  extremity  of 
the  bone  still  lying  beneath  the  malleolar  arch.  On  manipulation  all 
movement  of  flexion  and  extension  at  the  ankle  is  impossible  (Figs, 

316.  317) 

In  backward  displacement  the  foot  is  extended,  the  distance  between 
the  malleoli  and  the  sole  is  diminished,  and  a  projection  may  be  present, 
pushing  the  tendo  Achillis  backward,  or  situated  on  one  side  of  it  or 
the  other,  according  to  the  direction  taken  by  the  astragalus.  In  the 
oblique  lateral  displacements  the  skin  may  be  very  tightly  stretched 
over  this.  The  tibia  is  tlirown  somewhat  forward,  so  that  the  dorsum 
of  the  foot  is  strengthened.  On  palpation,  tlic  outline  of  the  astrag- 
alus can  be  made  out,  but  the  head  is  usually  buried  beneath  the  tibia, 
A  hollow  is  to  be  felt  between  the  malleoli  anteriorly.  The  bone  is 
often  displaced,  so  that  its  upper  articular  surface  looks  backward  with 
a  lateral  deviation,  especially  when  the  neck  has  been  fractured.  On 
manipulation,  there  is  no  movement  in  the  ankle-joint. 
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In  rotatory  displacements  inspection  offers  no  definite  signs;  the 
diagnosis  is  one,  therefore,  of  exclusion,  aided  by  careful  palpation  for 
the  outline  of  the  astragalus.  On  manipulation,  there  is  little  move- 
ment at  the  ankle-joint. 

Diagnosis. — The  main  points  arc  the  prominent  position  of  the  dis- 
placed bone,  the  outline  of  which  may  be  traced  on  palpation,  the  loss 
of  the  proper  relation  of  the  points  of  the  malleoli  to  the  astragalus 
and  the  sole  of  the  foot,  and  abolition  of  the  movements  of  flexion  and 
extension  at  the  ankle. 

l^ognosis. — Complete  separation  of  the  astragalus  from  its  connec- 
tions may  be  followed  by  sloughing  of  the  skin,  especially  in  the  for- 


FlC.  317. — Backward  and  inward  diElocalion  or  the  aslmgalus.  which  has  assumed  a  vertical 
position  (Sir  W.  MacCormac's  caae). 


ward  variety.  In  the  backward  the  bone  finds  more  room  in  which  to 
accommodate  itself,  and  tension  is  not  so  extreme.  It  should  be  borne 
in  mind  that  when  complete  laceration  of  the  interosseous  ligament  has 
taken  place,  the  whole  of  the  vascular  supply  of  the  bone  has  been  cut 
off;  hence,  necrosis  is  not  uncommon.  In  the  backward  dislocations, 
the  foot  is  sometimes  fairly  useful,  even  if  the  bone  be  not  reduced; 
but  in  the  forward  dislocations,  the  prominent  bone  on  the  dorsum  is 
so  painful  and  liable  to  injurious  compression  that  the  foot  is  often 
practically  useless. 

Trcittmait, — When  the  dislocations  are  simple  and  incomplete, 
attempts  at  reduction  are  always  to  be  made,  and  they  are  usually 
successful.  Reduction  is  effected  by  first  flexing  the  leg  on  the  thigh 
to  relax  the  tendo  AchiUis ;  traction  is  then  made  on  the  foot,  and 
direct  pressure  on  the  astragalus.  If  necessary,  the  tendo  Achillis 
may  be  divided.  The  after-treatment  is  the  same  as  that  for  sub- 
astragaloid  dislocation.  When  complete,  if  not  readily  reducible, 
resection  of  the  bone  is  preferable;  and  this  is  almost  without  excep- 
tion the  best  course  to  pursue  when  the  dislocation  is  compound. 

Dislocation  of  the  Other  Tarsal  Bones. — The  os  calcis  has  been 
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rarely  dislocated  alone,  generally  as  the  result  of  fixation  of  the  heel 
in  falls;  the  cuboid  still  more  rarely,  as  a  result  of  direct  violence. 
The  scaphoid  occasionally  remains  attached  to  the  astragalus  and  sepa- 
rated from  the  cuneiform  bones  when  the  astragalus  is  displaced.  It  has 
also  been  displaced  with  the  three  cuneiform  bones,  or  again  with  the 
addition  of  the  two  inner  metatarsal  bones.  The  internal  cuneiform 
alone,  or  the  three  combined,  have  also  been  displaced.  All  these  dis- 
locations are  due  to  direct  violence,  usually  combined  with  twisting  of 
the  foot. 

Symptoms. — In  all,  the  displaced  bone  forms  an  abnormal  dorsal 
prominence,  and  in  the  case  of  ail  except  the  os  catcis  the  foot  is 
shortened,  at  any  rate  on  the  affected  side.  If  left  unreduced,  a  weak- 
ened and  often  painful  foot  is  left.  A  general  rule  serves  for  the 
reduction  of  them  all :  The  foot  should  be  extended,  and  direct  press- 
ure made  on  the  displaced  bone.  The  after-treatment  consists  in 
fixation  for  at  least  six  weeks,  and  possibly  a  permanent  support  to 
the  sole.     If  reduction  is  impossible,  single  bones  are  best  resected. 

Metatarsus — The  fixation  of  the  second  metatarsal  bone  in  the 
tarsus  makes  displacement  of  the  whole  series  almost  impossible, 
unless  either  the  second  bone  is  fractured  or  the  cuneiform  bones  are 
disturbed.  The  entire  metatarsus  is  occasionally  displaced,  either  on 
to  the  dorsal  or  plantar  aspect  of  the  tarsus,  and  with  one  or  other  of 
the  above  complications  in  an  inward  or  outward  direction. 

Symptoms. — When  backward  dislocation  occurs,  the  foot  is  short- 
ened, and  a  prominence,  with  a  groove  either  before  or  behind  it,  is  seen 
in  the  plantar  and  dorsal  displacements.  The  foot  is  usually  somewhat 
adducted,  and  the  hollow  of  the  sole  is  flattened. 

Lateral  displacements  are  always  accompanied  either  by  fracture  of 
the  second  bone,  or  displacement  of  the  internal  cuneiform,  when  the 
bones  pass  inward.  There  is  no  shortening  of  the  foot,  but  some 
adduction  or  abduction,  according  as  the  displacement  is  inward  or 
outward.  Reduction  is  usually  not  difficult,  but  considerable  weakness 
persists,  especially  in  the  lateral  displacements.  The  foot  should  there- 
fore be  kept  in  a  plasler-of-Paris  case  for  at  least  six  or  eight  weeks, 
and  a  support  for  die  arch,  preferably  a  Whitman's  brace,  may  be 
needed  permanently.  Compound  dislocations  of  these  joints  are  very 
uncommon.  The  first  or  fifth  bone  may  be  displaced  individually,  or 
groups,  such  as  the  fourth  and  fifth,  the  third  and  fourth,  or  the  second, 
Uiird,  and  fourth. 

Metatarsophalangeal  and  Interphalangeal  Joints. — None  of  these 
displacements  is  common,  no  cases  being  recorded  in  the  series  of  812 
observed  at  St.  Thomas's  Hospital.  The  rarity  depends  on  the  short- 
ness of  the  digits  and  their  protection  by  the  shoes.  The  commonest 
displacement  is  that  of  the  metatarsophalangeal  joint  of  the  great  toe ; 
and  this  corresponds  in  all  respects,  even  in  difficulty  of  reduction,  with 
the  corresponding  dislocation  of  the  thumb.  Those  of  the  interpha- 
langeal  joints  also  resemble  those  of  the  fingers.  A  good  illustration 
of  the  plantar  variety  is  often  seen  in  the  common  deformity  of  ham- 
mer-toe. The  mode  of  reduction  differs  in  no  way  from  that  recom- 
mended for  similar  injuries  to  Ihc  hand. 
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CHAPTER    XVIII. 
DISLOCATIONS  OF  THE  HIP. 

Anatomy. — A  correct  understanding  of  the  anatomy  of  the  hip- 
joint  is  essential  to  the  recognition  and  reduction  of  the  various 
forms  of  dislocations  to  which  it  is  subject.  All  advances  in  our 
knowledge  of  these  dislocations  since  Hippocrates  have  been  almost 
entirely  due  to  a  clearer  recognition  of  the  bearing  of  the  anatomical 
structure  upon  the  mechanism  of  reduction. 

At  the  point  of  meeting  of  three  strong  buttresses,  the  ilium,  the 
ischium,  and  the  pubis,  the  firm,  rigid,  cup-like  acetabular  cavity 
receives  the  globular  head  of  the  femur.  It  lies  between  two  irregular 
bony  surfaces  produced  by  a  bend  in  the  innominate  bone,  meeting  at 
an  angle  of  about  90  degrees  the  ilio-ischiatic  and  pubo-ischiatic  surfaces, 
which  have  been  termed  by  AUis  the  outer  and  inner  planes  of  the 
pelvis.  The  dividing  ridge  between  these  two  planes  is  marked  by  a 
line  drawn  from  the  anterior  superior  spine  of  the  ilium  through  the 
tuberosity  of  the  ischium  (Fig.  318). 
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Fig.  31B. — Outer  and  inner  planes  of  (he  pelvic  (Allfs). 

In  all  dislocations  of  the  femur  the  head  will  escape  through  a  rent 
in  the  lower  portion  of  the  capsule,  the  strong  anterior  portion  remain- 
ing to  serve  as  an  important  agent  in  the  determination  of  the  signs  of 
dislocation  and  as  an  aid  to  reduction. 

Having  escaped  from  the  capsule,  the  head  slips  off  the  ridge  Upon 
either  the  inner  or  outer  plane,  according  to  the  resultant  of  the  forces 
producing  the  dislocation;  and  upon  this  basis  is  made  the  rational 
classification  of  dislocations  into  inward  and  outward. 

The  capsule,  whkli  arises  from  the  entire  circumferenct  of  Ihe  ucelabalar  rim  where  it 
is  thickest,  is  niioched  to  the  anfeiiot  inierttochatileric  line  in  front,  and  lo  the  neck  of  the 
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femur,  above  the  posterior  intertrochsnteric  line,  behind.  Although  stiong,  il  is  h>  loose  that 
i1  klluws  ill  onlioncy  movement  of  the  joint  without  becoming  tense,  and  hence  plays  no 
part  in  holdinp  the  joint-"iurfaces  together. 

The  acetabular  Mcket  is  deepened  by  the  cotyloid  ligament,  a  tirm,  elastic  cartilage, 
Tthich  crowns  its  bony  rini,  rorniing  an  elastic  instead  of  a  rigid  cushion  to  chceli  loo  free 
motion  of  the  femur,  and  which,  as  it  lits  air-tight  to  the  globular  bead,  constitutts  a  ^ccker^ 
enabling  atmospheric  pressure  lo  maintain  (he  imegnty  of  the  joint.  The  bony  stirfnces  are 
not.  however,  held  together  by  atmospheric  pressure  alone,  for  (he  insertions  of  the  gluteus 
minimui,  iliacus.  and  psoas  magnus  muscles  are  such  as  to  enable  them  to  aid  in  making 
lease  the  capsule  and  giving  security  lo  the  joint. 

The  Ugamcntum  teres,  a  rounded  cord  coveted  by  synovial  membrane,  which  runs  from 
the  depression  in  the  head  of  the  ft^mur  to  the  dome  and  transvetie  ligament  of  the  acetab- 
ulum, ami  to  which  so  many  varied  functions  have  been  ascribed.  Is  now  believed  (Allis) 
lo  be  only  a  distributer  of  synovia  to  the  dume  of  tlic  joint,  which  would  otherwise  be 
poorly  provided  with  lubricating  fluid.  It  is  too  soft  and  vielding  to  serve  as  a  true  liga- 
ment, and  in  dislocations  is  generally  lorn,  usually  from  Ihe  head  of  Ihe  femur,  and  often 
bringing  away  a  chip  o[  periosteum  with  il. 
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The  capsule,  which  extends  like  a  sleeve  from  the  rim  of  the  ace- 
tabulum to  its  inseition  into  the  neck-  of  the  femur,  as  above  described, 
serves  (i)  to  restrain  the  movements  of  the  femur  within  safe  limits; 
(2)  to  furnish  surface  for  muscular  attachments ;  and  (3)  to  form  a  tight 
sac  to  retain  the  synovia  which  its  inner  surface  secretes.  It  presents 
three  thickenings,  the  first  and  mcst  important  of  which,  the  ihofemoral 
or  Y-ligament  (Fig.  319).  arises  from  the  anterior  inferior  spine  of  the 
ilium  and  is  inserted  into  the  anterior 
intertrochanteric  line  of  the  femur,  the 
thickest  portions  of  the  insertion  .spread- 
ing to  the  upper  and  lower  ends  of  the 
line  into  which  it  is  inserted,  like  the 
arms  of  a  Y.  Its  importance  in  the 
mechanism  of  dislocations  and  their 
reduction  was  first  elucidated  by  Bige- 
low,  and  subsequent  observers  have 
been  compelled  to  bear  witness  to  the 
accuracy  of  his  observations. 

Other  thickenings  of  less  importance 
in  dislocations  and  their  reduction  are 
the  ischiofemoral  ligament  and  the  pubo- 
femoral ligament.  The  former  passes 
from  the  ischial  portion  of  the  acetab- 
ular rim  on  the  back  of  the  joint  to  the 
posterior  surface  of  the  neck  of  the 
femur  and  the  posterior  intertrochan- 
teric line.  The  latter  arises  from  the 
pectineal  line  as  far  inw.ird  as  the  spine 
of  the  pubis,  and  passes  outward  to 
blend  with  the  capsule,  being  continu- 
ous at  its  edge  with  the  iliofemoral 
ligament 

The  fact  that  the  capsule  is  thickest  at  its  pelvic  attachment  gives 
it  strength  at  the  point  where  the  tension  must  be  greatest  when  the 
head  of  the  femur  is  pressed  against  it  in  a  dislocating  strain.  Close 
to  the  pelvic  attachment  the  head  will  impinge  upon  it.  and  it  is  here, 
therefore,  that  its  thickness  gives  it  greatest  resisting  power.     The 


Fig.  319. — The  V-hgamenl  (Bigelow). 
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thickening  of  the  inner  and  outer  branches  of  the  Y  and  ischiofemoral 
ligaments  takes  place  at  the  points  where  greatest  strain  is  brought  to 
bear  upon  them  in  circumduction  of  the  joint,  the  strength  being  in 
proportion  to  the  resistance  required. 

Thf  remoral  vessels  are  rarely  injured  in  dislocalion?.  The  reasons  are— Ant,  Ihal  they 
lie  oil  ihe  uppef  sutface  o\  the  joint,  and  ilislocaliona  are  invariably  al  firsi  downward ; 
seconil.  Ihey  are  sepamled  from  the  joint  by  the  pectineus  and  iliopsoas  mu^cles^  which  COD- 
Irael  and  lift  them  oul  of  the  way  of  the  dislocated  head. 

The  fa^ia  lata,  while  it  plays  no  active  part  in  (he  Tuecbanism  either  of  dislocations  of 
the  hip  or  of  their  reduction,  has  no  important  function  in  holding  tlie  head  in  its  socket 
after  reduction.  In  normal  dorsal  recumbency  the  iliotibia!  band,  ejlending  as  a  broad, 
unyielding  bell  from  the  crest  of  the  ilium  to  the  outer  side  of  Ihe  head  of  Ihe  tibia,  limiti 
the  outward  rotation  of  Ihe  leg  produced  by  gravity.  When  ihc  heels  of  the  patient  are 
tied  together  after  the  reduction  of  a  dislucalion.  the  iliolibiol  band  is  stretched  tightly 
across  the  grenl   trochanter  and  holds  the  head  of  Ihe  femur  hrmly  against  the  socket. 

When  the  femur  is  flexed  upon  the  pelvis,  the  sciatic  nerve  and 
hamstring  muscles  are  wound  across  the  back  of  the  hip-joint ;  and 
if  at  the  same  time  the  leg  is  extended  upon  the  thigh,  thus  separating 
the  origin  and  insertion  of  these  muscles,  they,  with  the  sciatic  nerve, 
are  tightly  stretched  across  the  back  of  the  neck  of  the  femur.  It  is 
in  the  position  of  flexion  of  the  joint  that  dislocations  of  the  hip  take 
place  and  are  reduced,  and  it  is  only  within  the  last  few  years  that 
attention  has  been  called  to  the  importance  of  the  relations  of  the 
nerve  and  muscles  to  these  dislocations  and  their  reduction.  Allis 
has  shown   experimentally  that  when  a  thyroid  is  transformed  into 

a  dorsal  dislocation,  the  head  of  the 
femur  must  pass  between  the  ham- 
string muscles  with  the  sciatic  nerve 
and  the  acetabulum,  and  that  the 
ner\'e  is  almost  always  more  or 
less  bruised  and  torn  away  from  its 
attachment  to  the  hamstring  tendon, 
and  sometimes  caught  and  forced 
backward  by  the  neck  of  the  femur 
(Fig.  320}.  If  the  nerve  has  been 
so  separated  from  the  hamstrings, 
it  dangles  as  a  loose  cord  across 
the  opened  acetabulum ;  and,  if 
in  the  reduction  of  the  dislocation, 
which  has  now  become  dorsal,  a 
long  circumductive  sweep  is  em- 
ployed, and  especially  if  the  leg 
be  so  extended  on  the  thigh  as  to 
tighten  the  ncr\'e,  there  is  danger 
that  the  nerve  may  be  actually 
caught  up  and  .stretched  over  the 
front  of  the  neck  of  the  femur.  It 
is  then  so  shortened  that  full  exten- 
sion of  the  thigh  cannot  be  made.  This  condition  has  been  produced 
experimentally  by  Allis  and  verified  by  the  writers.  Il  has  been  noted 
clinically  by  Allis  in  a  case  under  the  care  of  Koons  of  Philadelphia 
(Figs.  321,322). 


Fkj.  320. — Rclaliun  of  head  and  neck 
ot  femur  to  hamstring  muscles  and  sciatic 
nerve  in  thyroid  dislocation  (Allis). 
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To  ibe  obluiatoT  inlernus  muscle,  to  ils  strength,  and  i(»  importance  in  backward  ditto- 
cations  in  preventing  the  head  of  the  (emui  from   pa.-*inB  "P  upon  llic  dorsum  ilii,  Bigclow 


Fig.  331. —  Relation  of  head  and  neck  of  femur  to  sciatic  nerve  in  a  doraat  dislocation  produced 

from  A  ihyniid  lAlli*]. 

cilird  ■ttealion.      He  e«tBblished  a  special  class  of  dorsal  dislocations,  called  dorsal  below 
the   tendon.      The  inlemnl   obiurjlot  has,  however,   lieeii  so  frequently  found   niplured   at 


Fig.  33a. — Sciatic  nerve  pttsicd  up  by  nech  of  femur  in  reduction  of  a  dorsal  dislocation  pro- 
duced from  a  Ihyniid  (Allis). 

■ulopsies  and  eiperiraental  work,  even  when  the  head  of  the  femur  had  0  low  position, 
that  Allis  is  inclined  tu  ascribe  less  importance  to  it  in  determining  the  character  of  a  dis- 
iocBtiun. 

Classification.— Allis's  classification,  based  upon  the  fundamental 
distinction  between  inward  and  outward  dislocation,  according;  as  the 
head  rests  upon  the  inner  or  outer  plane  of  the  pelvis,  is  rational  and 
simple.  All  the  forms  enumerated  by  Bigelow — pubic,  subspinous, 
dorsal  below  the  tendon,  etc. — can,  as  Allis  has  shown,  be  brought 
under  the  heading  of  the  inward  or  thyroid  and  outward  or  dorsal  dis- 
locations. The  head  may  a.ssume  a  high  or  low  position  after  it  has 
passed  out  upon  the  inner  or  outer  plane  of  the  peKns.  A  brief  com- 
parative study  of  the  two  classifications  will  illustrate  the  comparative 
simplicity  of  Allis's  method  (see  page  654). 

Bigelow's  "  dorsal  below  the  tendon  "  becomes  the  "  low  dorsal  of 
Allis."  his  "  pubic  and  .subspinous  "  the  "  high  thyroid."  It  is  evident 
that  after  its  escape  from  the  capsule,  the  head  of  the  femur  may.  under 
tlie  influence  of  the  forces  which  are  effective  in  each  particular  case, 
come  to  rest  at  any  position  within  the  radius  allowed  by  the  distance 
from  the  origin  of  the  untorn  part  of  the  capsule  to  the  femoral  head. 
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BiGCLOW's  CLASSincATIOif. 

Aixis's  CussincAnOK. 

1.  Dorsal  hirii. 

3.  Dorwl  bdcnr  Lhe  tendoii. 

t.  ThTniid  CT  in«u<d. 

a.  Low. 

3.  Thyroid. 

t.   Hiddle. 

4.  Pabk  sod  sobqiiiMNB. 

r.  H«h. 

5.  Anloiof  obtiijoe. 

i.   Rerencd. 

o.  SopnmiKHu. 
7.  EToted  donaL 

1-   Dona]  or  oul«ud^ 

d.   Low. 

*.   High. 

*■-   RcTcncd. 

"  Everted  dorsal "  and  supraspinous  dislocations  are  simply  dorsal 
dislocations  in  which  the  outer  branch  of  the  Y-Iigament  is  rupture*^ , 
allowing  in  the  former  case  ev^ersion  of  the  leg  and  foot,  and  in  the ' 
other  allowing  the  head  of  the  bone  to  move  upward  and  hook  over 
the  intact  portion  of  the  ligament,  with  the  foot  ev'erted.     These  both 
are  included  in  Allis's  more  accurate  term  "  reversed  dorsal." 

The  anterior  oblique  dislocation  of  Bigelow  is  probably  an  e\"erted  , 
dorsal  dislocation,  in  which  the  outer  branch  of  the  Y-ltgament,  unrupt- 
ured, engages  the  femoral  head  which  has  passed  above  it,  and  pre- 
^-ents  the  leg  from  being  brought  parallel  with  its  fellow. 

Mechanism. — ^The  older  writers  on  the  subject,  up  to  and  inciudugj 
3^elow,  have  held  that  the  chief  agent  in  the  production  of  disloca- 
tions of  the  hip  was  thrust — thrust  backward,  or  backward  and  upward 
with  the  thigh  flexed  in  dorsal  dislocations,  thrust  inward  nith  the 
thigh  abducted  and  extended  in  th)Toid  dislocations.  This  theory  of 
the  mechanism  was  perhaps  the  result  of  a  superficial  ww,  suggested 
by  the  nature  of  the  accidents  by  which  dislocations  are  commonly  pro- 
duced. Such  accidents  as  the  catching  of  the  flexed  femur  between  two 
freight  cars,  a  fall  into  a  narrow  hole  upon  the  extended  leg  while  walking, 
ctc.certainlysuggestthnistasanimportant  element  of  their  production. 
Ailis  alludes  to  the  fact  that  no  experimenter  has  e\er  been  able  to 
produce  dislocation  of  the  hip-Joint  in  the  cadaver  without  preiious 
tenotomy  of  the  capsule,  and  gives  methods  by  which  both  the  thyTCidj 
and  dorsal  dislocations  may  be  produced  experimentaUy  b>-  leverage. 
The  femur  is  the  lever  and  the  peUns  the  fiilcrum.  In  previous  experi-j 
ments  le\'erage  has  failed  to  produce  dislocations,  owing  to  imperfect 
fixation  of  the  peKis.  In  the  production  of  traumatic  dislocadoas  in 
actual  life,  which  all  take  place  in  accidents  where  great  force  and  sud- 
denness are  combined,  the  inertia  of  the  bod>'  under  the  influence  of 
the  sudden  twist  fixes  the  fulcrum — the  pelvis.      In  order,  then,  to 

imitate  nature  in  experimental  work,  it 
is  necessar>'  to  fix  the  peh-is  so  that  it 
may  serve  as  a  fulcrum.  This  Allts  did 
b>'  means  of  screws  and  cross-bars. 
He  found : 

I.  That  th>-roid  dislocations  migbt 
be  produced  without  prerious  tenotony 
of  the  capsule,  simply  bi\-  h}-perabdnc- 
tioo  of  the  thigh  on  the  pei\i3.  The 
great  trochanter  is  brought  agmnst  the 
outer  part  of  the  acetabular  rim.  whk^ 
ofiers  a  bony  fiilcrum,  and  the  head  of  the  fcmar  is  pried  with  almost 


FiC  393. — T^yniiA  didDCaaoa  bv 
hTpcnkbclnctiofl  fAltis^ 
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irresistible  force  through  the  lower  and  inner  portion  of  the  capsule 

(Fig-  323)- 

(Bigtlow '  alludes  to  abduction  as  entering  into  the  causation  of  this 

variety.) 

2.  That  dorsal  dislocations  may  be  produced,  if  the  pelvis  is  fixed, 
by  flexion  of  the  thigh,  adduction,  and  rotation  inward,  using  the  leg 
bent  at  the  knee  as  a  crank  for  the  production  of  rotation.  By  this 
maneuver  the  iliofemoral  ligament  is  wound  tightly  around  the  front  of 
the  neck  of  the  femur,  and  serves  as  a  fulcrum.  The  head  of  the 
femur,  rotated  against  this  fulcrum  stretched  across  the  neck,  with  the 
great  leverage  supplied  by  the  use  of  the  bent  leg  as  a  crank,  is  forced 
outward  through  the  ten.se  posterior  portion  of  the  capsule,  provided 
that,  as  sometimes  happens,  the  ligaments  of  the  knee  do  not  give  way 
under  the  strain. 

Altcmpls  lo  dislocate  ihe  femui  by  flexion,  abduction,  and  rotation  outward — namely,  by 
DSLQC  the  bent  leg  a&  a  lever  and  turning  it  iiivard — have  ed  the  hands  of  AUis  proved  uni. 
fonnly  unsucceuful.  The  pelvis,  the  ligaments  of  the  knee,  or  the  femur  itself  may  be 
fncturpd  ;  but  the  head  of  the  femur,  which  is  brought  directly  against  the  strong  anterior 
portion  of  the  capsule,  re-enforced  by  the  V-ligament,  cannot  be  forced  through  that 
structure. 

Allis's  explanation  of  the  manner  in  which  leverage  may  be  shown 
to  explain  the  typical  accidents  resulting  in  dislocation  of  the  hip,  is  as 
follows : 

The  first  case  is  that  of  a  man  who.  while  walking,  steps  into  a  long, 
narrow  hole,  and  falls  forward  upon  his  extended  leg.  These  condi- 
tions 6rst  suggest  thrust ;  but  a  consideration  of  the  conditions  illus- 
trated by  Figs.  325,  326,  will  show  that  the  force  of  the  straightened  leg, 
acting  upon  the  inner  right-hand  comer  of  the  trunk  as  it  falls  for- 
ward, must  push  the  capsule  of  tlje  hip  upward,  backward,  and  out- 
ward— in  other  words,  must  produce  an  extremely  rapid  and  forcible 
flexion,  adduction,  and  inward  rotation.  Thus,  the  mo.st  advantageous 
conditions  for  the  production  of  dorsal  dislocation  by  leverage  are 
produced. 

The  second  case  is  that  of  a  tramp  sitting  upon  the  narrow  fixH-widc  platform  at  the 
rear  end  of  a  freight  car,  with  his  left  fetnur  extended  and  resting  upon  a  similar  plalform 
of  the  following  car.  The  cars  come  ti^ether  as  the  train  slows  up.  and  his  left  femur  ia 
dislocated  upon  Ihe  dorsum  ilii.  Here  it  is  ea.iy  tu  see  that  the  force  explodes  suddenly 
ttpon  the  left-hand  comer  of  the  pelvis,   causing  flexion,  adduction,  and  rotation  inward 

A  man  shovelling  ballast  in  the  hold  of  a  ship,  slanding  with  his  feet  between  the  ribs, 
atul  stooping,  is  struck  u|Km  the  l^ack  and  pelvis  by  a  cave-in  from  above.  A  dislocation  of 
both  femurs  i«  prinluced,  one  outward  and  the  other  inward.  Here  the  body  is  flexed  upon 
the  thighs,  and  the  fixation  is  al  Ihe  same  time  suddenly  increased  by  Ihe  weight  falling  from 
ahore  ;  but  if  the  boily  rotate  eilher  lo  one  »de  or  the  other,  the  legs  remaining  parallel. 
thro  in  one  thigh  flexion,  adduction,  and  rotation  inwanl  are  produced,  with  flexion,  abduc- 
tion, and  n>tBtion  outward  in  the  other.  In  this  way  a  dorsal  dislocation  of  one  hip  and  a 
thyroid  of  the  other  will  be  the  result. 

These  typical  cases,  then,  may  be  so  explained  as  to  support  the 
theory  of  Allis,  that  all  traumatic  dislocations  unaccompanied  by  fract- 
ure are  the  result  of  leverage. 

Pathology. — The  importance  of  the  almost  uniform  escape  from 
rupture  of  the  iliofemoral  ligament  in  dislocations  of  the  hip  was 
established  by  Bigclow  and  confirmed  by  all  subsequent  writers ;  but 
'  Diilttationi  nflkt  Htp^  p.  70. 
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tlif  vit'w  of  thin  atitlior  that  tlic  head  of  the  femur  frequently  escaped 
thiiiii^h  ;i  ii;irriiw  tipciiiiin  or  slit  in  the  capsule,  which  might  require 
HiKviiil  niiini|>ulatii>n.s  in  order  that  it  might  be  made  to  gape  so  as  to 
iillnw  tlir  ivtiiru  of  the  head,  has  not  been  confirmed.  The  results  of 
tiutt>|v<irs  and  the  eNjx'riuiental  work  of  Morris  and  Allis  have  sHohti 
that  the  head  of  the  femur,  in  escaping  through  the  capsule,  always 
lliakeH  ii  r\'nt  ample  for  its  return.     The  reasons  for  this  are  the  inelas- 


y>.>  ;b4  — IV's^^aTaii  :!br  BKitaftxaat.  ^  :sx  i   Alig.. 
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(Figs.  327—329)  illustrate  the  difference  between  these  positions  of  the 
capsular  rent ;  and  it  is  evident  that  in  the  last  form  the  avulscd  capsule 
may  become  interposed  between  the  head  and  the  acetabulum  so  as  to 
fill  the  socket  and  prevent  reduction.  The  closer  the  rent  in  the  cap- 
sule lies  to  the  acetabular  socket,  the  less  will  be  the  likelihood  of  its 


\ 


Figs.  337-339. — IlluBtraling  the  three  fonns  of  the  capsular  renl. 

interfering  with  reduction  by  becoming  folded  in ;  and  if  the  rent  is 
close  to  the  socket,  this  folding  in  cannot  take  place. 

The  injuries  lo  muscles  in  dislocation  of  l}ie  hip  rfsull  either  from  overst retching;  or  fmiii 
direct  violence.  Those  due  lo  overstrettlilng,  wliich  nre  frei|ueinU  prwluted  in  txperimenlal 
work  upon  the  rigid  muscles  of  thi^  cadaver^  result  from  the  fact  thai  the  limit  of  len^^ion  of 
the  muscles  is  reached  before  ihe  cspsule  \i  luplureil  by  the  rrumipiilaliuns  employed.  In 
experimental  work  th<  production  of  thyroid  dislocation  by  hypcrabduclioii  is  attended 
by  ruplure  of  the  addui^toi  longus,  gmcilis,  and  pectineus.  The  pectineus  is  frequcntlj 
found  ruptured  at  autopsies,  and  is  iiot  touched  by  the  head  of  the  femur  during  dis- 
location. 

By  direct  contact  with  the  head  of  the  femur  in  passing  from  a  dorsal  to  a  thyroid  por- 
tion, 01  fiom  the  inner  lo  the  outer  plane  of  the  pelvis,  ihe  qunimtus  femoiis,  obturator 
externus,  and  n  few  of  the  short  upper  libera  of  the  adductor  magnus  an:  ruplureil.  In 
dor»I  dislocations  the  obturator  inlenius  is  often  ruptured,  as  are  nlMi  the  pyrifonnis  and 
(jiMdratus  femoris.  The  head  of  the  femur  may  pass  between  Ihe  obturator  inlemus  and 
the  pyriformis  without  Injury  lo  these  muscles.' 

The  fact  that  in  this  form  of  dislocations  the  oblutntor  intemus  Is  often  found  lo  be  nipt- 
Ured  or  avulsed  from  its  origin  renders  it  probable  that  loo  much  importance  was  attached 
lo  this  muscle  by  Bigelow  as  the  determining  factor  in  low  dorsal  dislocations. 

The  sciatic  nerve  lias  been  twice  found  at  autopsy  torn  completely 
in  two,  and  has  frequently  been  reported  as  lacerated  or  bruised,  with 
more  or  less  separation  of  its  fibers.  It  has  been  frequently  hooked 
up  across  the  neck  of  the  femur  in  the  e.\periniental  production  of 
dislocations. 

Partial,  complete,  temporarj-,  and  permanent  paralyses  have  resulted 
from  apparently  successful  reductions.  Rupture  of  the  outer  branch 
of  the  Y-ligament  allows  the  dorsal  dislocations  to  become  the  everted 
dorsal. 

The  older  wnters  on  dislocation  of  (he  hip  have  considered  the  rapid  healing  of  the  rent 
in  the  capsule  after  the  escape  of  the  head,  and  the  formation  of  adhesions  between  the 
capsule  and  the  acetabular  sockel,  as  among  the  grcalesl  ob.itacles  lo  the  reduction  of  dishi- 
Cslions.  While  the  ilislocation  ^ler^i'^ls.  however,  the  edges  of  Ihe  torn  capsule  are  held 
apart,  so  thai  there  tan  be  little  danger  of  healing  ;  and  Allis  has  pointed  out  that  Ihe  forma- 
tion of  ndhrdon^  helween  ihe  smooth  inner  surface  of  the  capsule  and  the  acetabular  sotkct, 
both  of  which  are  covered  with  epithelium,  is  extremely  improbable. 

I  Thp  possibility  of  Ihe  hend  of  the  femur  escaping  below  ihe  tendon  of  the  obturator 
inUrnus  without  rupluring  the  latin  was  trcognired  by  Bigelow,  and  considered  by  him  to 
determine  a  tla'*»  iff  divlocnUifii'*  which  he  callei]  "  dor!<al  below  ihe  tendon.*'  Tliesc  are 
the  *'  low  dorsal  dislocations  of  .Mlis  "  and  the  dislocations  into  Ihe  sciatic  notch  of  Aslky 

Cooper. 
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Whether  after  a  disiocation  inflammatory  changes  in  the  head  of 
the  femur  and  acetabulum  will  take  place  or  not,  will  depend  upon  the 
amount  of  violence  done  lo  the  cartilages  at  the  time  of  the  injury.  In 
dislocations  by  simple  leverage,  the  head  and  socket  will  probably 
escape  without  bruising,  no  inflammatory  changes  are  likely  to  occur. 
and  a  new  socket  and  new  capsule  may  be  formed.  In  dislocations 
attended  by  crushing  of  the  cartilages,  such  as  might  result  from  direct 
violence,  inflammatory  changes  arc  likely  to  take  place,  resulting  in  the 
adhesion  of  the  head  to  the  surrounding  parts  or  in  ankylosis.  The 
growth  of  osteophytes  in  the  torn  capsule  occasionally  takes  place,  and 
is  most  hkcly  to  occur  in  cases  where  the  capsule  is  torn,  together 
with  more  or  less  periosteum  from  the  acetabular  rim. 

The  specimen  shown  in  Fig,  330  was  removed  al  autopsy  from  a  case  of  ihyroid  dislo- 
calion  of  the  hip,  which  had  remained  unreduced  fat  years.  It  was  the  occasion  (if  a  suit 
for  malpractice.  It  i.s  preserved  in  the  Warren  Museum  al  the  Harvard  Medical  School. 
As  shown  in  the  figure,  the  growth  of  osteophyte!;  aronnd  the  head  of  the  femur,  whicli  was 
dislocated  into  Ihe  ohmrali>r  foramen,  has  resulted  in  ihc  formation  of  an  almost  complete 
new  socket.    Marked  thickening  of  the  neck  of  the  femur  also  resulted  from  the  same  CBUse.' 


Fig.  330. — Old  thyroid  dislocation,  with  usieophytei. 

Sii:ilS  of  Dislocation. — Dorsal  or  Outward  Dislocation — In  this, 

the  most  common  form  of  dislocation,  the  head  has  escaped  through 
the  posterior  part  of  the  capsule,  and  lies  with  the  neck  against  the 
outer  plane  of  the  pelvis ;  the  trochanter  is  thus  held  away  from  the 
bony  pelvi.s  and  cannot  be  made  to  touch  it  According  to  Bige- 
low's  classical  description,  "  the  limb  is  moderately  inverted,  a  little 
shortened,  and  advanced;"  the  toes  cross  the  toes  or  the  instep  of 
the  other  foot,  according  to  the  degree  of  flexion  and  inversion,  and 
the  head  of  the  bone  may  generally  be  felt  upon  the  dorsum.  The 
inversion  is  chiefly  due  to  the  tension  of  the  outer  branch  of  the 
Y-hgamcnt,  and  disappears  when  this  is  divided. 

When  extreme  flexion  IS  present,  together  willi  grcalrr  inversion  and  adrancemenl  of 
the  limb,  the  head  of  the  femur,  according  to  Higelow,  is  caught  hclow  (lie  tendon  of  the 
olituratoi  intemus,  and  to  this  dislocation  he  givce  the  name  of  "dorsal  below  the  tendon." 

'  Surgical  ObiemalieHi,  J.  Mason  Warren. 
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Thr  vnrialion  in  the  Ai|rn&  according  Irk  the  higb  or  low  po^ilion  of  ih?  he^d,  however, 
\%  of  miiioi  impnnance.  Tlie  invctsion.  fleiion.  and  addiiclinn  aiE  the  ineviiable  le^ilt  of 
the  rclutTtkn  of  lhi?  hpnd  of  the  bone  lo  the  hxe<l  pelvic  wall  and  the  tightened  Y-hgamenl ; 
and  the&r,  together  with  the  palpatiun  of  ibe  head 
ID  it>i  aUnotmnI  pobilion  upon  the  dorsum  under 
the  glutei  □iii»:1es,  where  il  can  almost  always  be 
felt,  are  the  incontrovertibte  signs  of  the  dorsal  oc 
outward  dislocation. 

Thyroid  or  Inward  Dislocations. 

— In  this  class  tin;  characteristic  posi- 
tion of  the  hmb  is  flexion  and  abduc- 
tion, ihc  heel  being  raised  from  tlie 
floor  and  the  toe  pointing  outward 
and  forward.  This  position,  which  is 
attended  by  marked  constraint,  is  due 
to  the  weight  of  the  hmb  holding  the 
great  trochanter  against  the  lower  rim 
of  the  acetabulum,  the  tightened  Y- 
ligamcnt  acting  as  a  bridle  and  pre- 
venting complete  extension.  The  great 
trochanter  is  thus  brought  into  close 
contact  with  the  acetabulum,  lies  deep- 
ly, and  cannot  be  felt  (Fig.  332). 

In  the  "low  thyroid,"  the  "dislo- 
cation near  the  tuberosity  or  peri- 
neum" of  Bigelow,  the  limb  will  of 
necessity  be  more  strongly  flexed,  in 
order  that  the  tight  Y-ligament  may 
allow  the  low  position  of  the  head. 

Bigelow 's  "  dislocation  upon  the 
pubis"  becomes  under  Allis's  classi- 
fication the  high  thyroid  dislocation,  and  is  simply  a  variety  of  the 
inward  dislocation  characterized  by  a  high  position  of  the  head  of  the 
bone,  and  having  as  symptoms  less  marked  flexion  and  greater  short- 
ening and  eversion. 

The  ihyniid  reversed  is  produced  from  ihc  simple  thyroid  dislocation  by  outward  rDlalioa 
of  Ihe  leg  until  the  head  of  (he  femur  pa^ises  in  front  of  Ihe  Y-ligaineni  and  lies  in  from  of 
and  below  the  anlerior  superior  spine  of  the  ilium.  In  ihi.'  variety  the  fool  may  be  everted 
sa  fir  tbn[  the  toes  point  baclLward.  This  form  of  dislocalion  is  rare,  due  lo  eilieme  vio- 
lence, and  usually  asaocialeil  with  other  injuries  of  a  severe  character. 

Reduction. — Since  the  time  of  Hippocrates  flexion  of  the  hip- 
joint  had  been  recognized  as  an  important  step  in  the  procedures  for 
the  reduction  of  dislocation-^.  The  course  of  the  characteristic  de- 
formity of  these  luxations,  however,  and  the  chief  obstacle  to  their 
reduction,  was  believed  to  be  the  contraction  of  the  powL'rfiil  muscles 
about  the  hip-joint.  Before  the  advent  of  anesthesia  the  want  of  a 
suitable  means  of  producing  muscular  relaxation,  and  the  ignorance  of 
the  manipulations  suited  for  reduction,  resulted  in  the  substitution  of 
great  force — applied  by  screws,  ropes,  and  pulleys — for  properly  directed 
manipulations.  .As  this  powerful  extension,  which  was  found  necessary 
(as  it  was  supposed)  to  tire  out  the  contracted  muscles,  but  in  reality  to 
rupture  the  Y-iigament,  was  most  easily  applied  in  the  axis  of  the  body, 
longitudinal  traction  by  pulleys  was  the  method  taught  in  the  Knglish 


Fig.  331. — Dorsal  dislocation  of  Ihe 
femur  (Boston  City  Hospital,  service  of 
K.  S.  Watson.  M.D,). 
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■I'liiKil  lit  the-  lici(lniiin|{  of  tliix  century,  of  which  Astley  Cooper  was 

Ihi'  Itimit  ]Miiiiiliicnt  (.■sill merit.  The  blind  brute  force  thus  so  cruelly 
ii|i|illi  il  H.I1  ihi'  iMiiie  III  ujilold  Mufrerin^;  and  of  permanent  damage  to 
iii.inv  lii|>  |iiiiil'i  cliiiiiin  ihr  |K-riinl  tliiit  tliis  method  was  taught.  Nathan 
.Siiillli  and  Willi.ini  \V'.  lieid  in  this  cuiinlry  recognized  the  value  of 
llcil'in  iihd  iiiani|iulatiiin  in  tlii.'  rahietion  of  dislocations  of  the  hip, 
IhiI  HttllluiUd  the  Hucccss  of  the  llexion  method  to  the  fact  that  it 
rrliiM'd  the  ('i)iitractcd  iiuiscles. 

Ill   Himliiw  is  due  tile  ciTtlit  of  showing  that  the  Y-hgament.  and 
\\\\\  \\\v  innli.iitmn  of  the  muscles,  was  the  chief  agent  in  produdng 
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Fic,  333. — Reduclion  of  dislocation  into 
the  thyroid  (onunen  (after  Bigclaw). 


up,  bend  out.  roll  out;"  or  "flex,  abduct,  evert"  This  circumductive 
sweep  Allis  has  shown  to  be  attended  by  danger  of  bruising  or  catch- 
ing up  the  sciatic  nerve,  which  his  new  methods  of  reduction  have 
been  designed  to  avoid. 

In  case  the  thigh  cannot  be  abducted  beyond  the  perpendicular, 
Bigelow  considers  that  the  head  of  the  femur  has  emerged  through  a 
too  small  orifice  In  the  capsule,  which. 
in  order  to  allow  of  its  return,  must  be 
circumducted  in  the  opposite  direction. 
This  circumduction  will  convert  the 
dorsal  into  the  thyroid  dislocation,  but 
will  enlarge  the  capsular  o[Kning.  in 
his  opinion,  so  that  the  forcible  lifting 
with  the  thigh  flexed  can  hardly  fail 
to  effect  reduction.  The  fallacy  of  the 
view  that  the  head  ever  escapes  by  a 
slit  in  the  capsule  which  requires  en- 
largement has  been  pointed  out  earlier 
in  this  article,  and  the  danger  of  injury 
to  the  sciatic  nerve  by  the  circumduc- 
tive sweep  has  been  already  commented 
upon.  Upon  the  tightened  Y-ligament 
as  a  center,  the  head  of  the  femur,  with 
the  length  of  the  neck  for  a  radius,  is 
rotated  below  the  rim  of  the  acetabulum,  and  as  the  flexion  of  the 
thigh  carries  the  sciatic  nerve  acros.i  the  back  of  the  joint,  may  easily 
catch  up  that  nerve,  especially  if  it  be  tightened  by  extension  of  the  leg 
at  the  knee.  This  has  been  repeatedly  demonstrated  by  experiment 
upon  the  cadaver,  and  has  probably  happened  in  actual  practice. 

For  reduction  of  thyroid  dislocations  Bigelow  recommended  a 
variety  of  methods.  The  two  methods  which  he  characterizes  by  the 
terms  "rotation"  and  ■' traction  "  are  the  most  typical.  In  the  first 
method  he  flexes  the  limb  toward  the  per|jendicular,  abducts  a  little  to 
disengage  the  head  of  the  bone,  then  rotates  the  thigh  strongly  inward, 
adducting  it,  and  carrj'ing  the  knee  to  the  floor.  This  maneuver  is 
practically  the  reverse  of  the  flexion,  abduction,  and  eversion  employed 
to  reduce  the  dorsal  dislocation,  and  is,  in  fact,  dexion,  adduction,  and 
inversion. 

The  method  by  traction  consists  in  flexing  the  limb  and  drawing 
the  thigh  outward  by  a  towel  passed  around  its  upper  part,  or  thrusting 
it  outward  by  the  foot  applied  to  the  groin. 

Allis's  Methods. — These  methods  are  designed  to  make  the  head 
return  to  the  socket  by  the  path  by  xvhich  it  esca|x;d,  or  to  retrace  the 
steps  which  produced  the  dislocation,  without  exposing  the  sciatic 
nerve  or  otiier  contiguous  structures  to  danger  from  the  circumductive 
sweep  of  the  head  of  the  bone.  In  "outward  dislocations "  the  first 
step — retracing  the  last  step  of  the  dislocation — is  flexion,  in  addition 
to  which  it  may  be  necessary'  lo  add  traction  downward  to  free  the 
head  from  the  dorsum.  Next,  the  foot  is  turned  outward  (inward  rota- 
tion), .so  that  in  the  next  motion — lifting — the  head  may  not  strike 
against  the  projecting  acetabular  rim  and  be  arrested  by  it     Then  the 
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head  is  lifted  to  the  head  of  the  socket,  and  often  may  be  felt  to  catch 
on  the  tendon  of  the  hamstring  muscle,  or  the  sciatic  nerve,  or  both, 
as  it  is  lifted  past  them.  The  leg  is  next  turned  inward  to  throw  the 
femoral  head  outward  into  the  socket,  and  is  then  brought  down  in 
extension.  The  passage  of  the  head  into  the  socket  may  be  facilitated 
by  direct  pressure  by  the  thumbs  of  an  assistant. 
The  method  may  be  tersely  expressed  as  follows : 

1.  Flex,  turn  leg  out,  and  lift. 

2.  Turn  leg  in,  and  extend. 

For  dislocations  inward  Aliis  gives  two  methods:  i.  The  Direct; 
and  2.  The  Indirect. 

In  the  direct  mclhod  the  femur  is  first  flexed  and  abducted,  in  order 
to  bring  the  head  into  the  position  it  occupied  when  it  first  left  the 
socket ;  the  traction  outward  in  the  long  axis  of  the  femur  brings  the 
head  over  the  socket.  Direct  pressure  is  made  by  the  thumbs  of  an 
assistant  upon  this  head,  and  the  limb  adducted.  In  brief,  the  steps 
are: 

1.  Flex  and  abduct  the  femur. 

2.  Make  traction  outward. 

3-  Fix  the  head  by  digital  pressure  and  adduct 

In  the  indirect  method  rotation  is  employed  to  carry  tlie  head  into 
the  socket. 

The  steps  are:  i.  Flex  the  thigh,  but  not  to  a  perpendicular  (this 
brings  the  head  into  the  position  it  occupied  when  it  left  the  socket). 

2.  Adduct  and  carry  the  knee  obliquely  downward  and  inward  (by 
this  movement  the  remnant  of  the  capsule  becomes  tense  and  draws 
the  head  upward  and  outward). 

3.  Rotate  outward— thus  turning  the  head  into  the  .socket. 

By  these  methods  circumduction,  with  its  attendant  danger  of  injury 
to  the  sciatic  nerve,  is  avoided. 

After-treatment. — The  after-treatment  which  should  follow  reduc- 
tion is  simple,  no  fixation  apparatus  being  required.  The  patient 
should  be  kept  in  the  dorsal  recumbent  position  for  three  weeks,  and 
the  heels  and  the  knees  should  be  tied  together  in  the  extended  posi- 
tion, thus  taking  advantage  of  the  "  hammock  "  function  of  the  i!io- 
tibial  band,  which  i.s  stretched  tightly  across  the  great  trochanter  and 
holds  the  head  of  the  femur  firmly  in  the  acetabular  socket. 

After  three  weeks  massage  and  passive  movements  may  be  em- 
ployed, and  the  patient,  aided  by  crutches,  may  cautiously  begin  the 
use  of  the  limb. 

Complications.^Cleaning  out  the  Socket. — Under  the  head  of 
Pathology  was  discussed  the  danger  of  the  capsule  being  caught 
between  the  head  of  the  femur  and  the  acetabular  socket  in  cases 
where  the  capsule  was  torn  off  close  to  the  rim  of  the  acetabulum. 
Not  merely  the  capsule,  but  shreds  of  torn  muscle  or  fascia  may 
become  interposed  between  the  head  and  the  acetabulum.  Allis  has 
pointed  out  that,  whether  muscle  or  capsule,  it  must  be  attached  to  the 
pelvis,  and  not  to  the  femur.  If  one  side  of  the  head  of  the  femur  has 
driven  a  bit  of  capsule  before  it  into  the  socket,  the  oppo.site  side  must 
be  employed  to  turn  it  out,  as  is  evident  from' the  accompanying 
diagram  (Fig.  334). 
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That  this  accident  has  happened  will  be  evident  in  practice  from  the 
fact  that  the  leg  cannot  be  brought  quite  down  into  position  ;  there  is 
slight  constraint,  and  the  motion  of  the  femur  is  somewhat  embarrassed. 
Allis  recommends,  if  the  capsule  has  been  pushed  in  from  the  dorsal 
side,  flexion  and  abduction ;  if  from  the  thyroid  side,  flexion  and 
adduction. 

These  manipulations  will  serve  to  catch  the  bit  of  capsule  on  the 
edge  of  the  femoral  head.    The  femur  is  then  rotated  inward  to  tighten 


Fig.  334- — I.  Oipsule  inverted,     a.  Capsule  caughl,     3.  Capsule  everted. 


the  Y-ligament,  and  the  knee  raised  to  the  median  plane  to  push  the 
foreign  tissue  out  of  the  socket. 

Entanglement  of  the  Sciatic  Nerve. — Under  the  headings  of 
Mechanism  and  Pathology  reference  has  been  made  to  the  danger 
of  catching  up  the  sciatic  nerve,  and  it  has  been  shown  how  the 
nerve  and  its  accompanying  hamstring  muscles  are  stretched  tightly 
across  the  back  of  the  joint  when  the  latter  is  flexed.  The  danger 
of  catching  the  nerve  across  the  neck  in  circumduction  has  beien 
emphasized. 

The  diagnosis  of  this  condition  is  made  by  the  fact  that  the  leg  does 
not  come  down  into  full  extension,  and  a  tense  cord,  which  is  the 
stretched  nerve,  may  be  felt  in  the  popliteal  space. 

It  may  be  reduced  by  redislocating  the  femur,  turning  the  ankle 
of  the  flexed  leg  outward,  and  attempting,  by  rocking  and  shak- 
ing, to  make  the  nerve  drop  off"  from  the  femoral  head,  the  head 
then  rotating  into  place  without  flexing  the  femur.  These  failing,  an 
open  incision  has  been  suggested  (Allis)  for  freeing  the  nerve  from 
its  position. 

Dislocation  with  Fracture  of  the  Shaft. — The  diagnosis  may  be 
difficult,  and  is  made  by  locating  the  upper  fragment  and  finding  that 
this  does  not  follow  the  rotatory  movements  of  the  shaft.  In  these 
conditions  we  are  able  to  employ  traction  alone  for  purposes  of  reduc- 
tion, leverage  being  evidently  out  of  the  question. 

Inward  dislocations  may  be  reduced  by  traction  outward,  with  direct 
pressure  u|>on  the  head.  This  may  be  supplemented,  if  unsucces.sful, 
by  traction  inward  or  obliquely  inward  and  downward,  the  head  being 
held  beneath  the  socket  by  an  assistant  to  prevent  its  slipping  back 
into  the  thyroid  depres.'iion. 

Outward  dislocations  with  fracture  of  the  shaft  may  be  reduced  by 
first  bringing  the  head  to  the  level  of  the  socket  by  traction  directly 
upward,  followed  by  traction  upward  and  inward,  assisted  by  direct 
pressure  upon  the  head  by  an  assistant's  fingers. 
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Compound  Dislocation — This  is  a  rare  condition,  the  result  of 
great  violence,  and  usually  attended  by  other  serious  injuries.     The 


F[G.  335, — Compound  dislocalion  of  the  hip  (Chcevcr). 

accompanying  illustration  (Fig.  335)  represents  a  case  in  which  resec- 
tion of  the  femoral  head  was  practised.  Death  resulted  from  the  con- 
comitant injuries. 


CHAPTER    XIX. 


DISEASES  OF  THE  BONES. 


INFLAMMATION. 


When  inflammation  attacks  a  bone,  it  docs  not  remain  limited  to 
one  part  of  the  bone.  Thus,  in  the  case  of  inflammation  attacking  the 
medulla  of  bone,  or  osteomyelitis,  we  have  also  inflammation  of  the 
dense  structure  of  the  bone,  or  osteitis,  and  very  commonly  inflamma- 
tion of  the  periosteum,  or  periostitis.  Conver.sely,  if  the  inflammation 
attacks  the  periosteum,  we  have  also  inflammation  of  the  den.sc  portion 
of  the  bone.  Hence  from  the  point  of  view  of  treatment  these  various 
conditions  must  be  considered  more  or  less  together. 

Inflammation  of  bone  may  be  acute  or  chronic.  Acute  inflammation 
of  bone  may  be  suppurative  or  non-suppurative.  Chronic  inflammation 
may  be  divided  into  simple  chronic  inflammation,  tuberculous  inflam- 
mation, and  syphilitic  inflammation. 

Acute  Non •suppurative  InflAmmatloR  of  Periosteum  and  Bone. — This  is  a 

very  rare  condilion,  and  il  iv.  a*  a  omicr  of  fact,  doobiful  wlictlict  a  really  acute  intlnmma- 
lion  can  take  place  in  thev  ^Inictures  without  Euppuralion.  A  lomi  of  periostitis  hn^  been 
dewiibed  fay  Otliei  under  the  name  of  alhiiminou!  piTiiatitis,  in  which  eiudatiun  occurs 
under  the  perio^leum  of  a  ^emxis  or  albuminous  nature  ;  but  this  aflection  is  probably  onlv  a 
mild  or  earLv  stage  of  the  suppurative  form,  and  it  is  said  that  the  pyogenic  cocci  are  present 
in  (he  exudation.  In  the  caw  of  typhoid  fcvc-r.  perii>.'>lUi^  may  occur,  and  is  due  cilhvr  to 
the  typhoid  bacillus  or  to  a  double  infection  wilb  the  pyogenic  organisms. 

The  changes  that  lake  place  in  the  periosteum  under  these  circunulances  are  essentially 
the  same  as  those  in  acute  suppurative  periostitis.  There  are  rednesa,  swelling,  and  thicken- 
ing of  the  periosteum,  with  elusion  of  fluid,  followed  by  increase  in  the  thickness  of  the  bone 
after  (he  acute  stage  of  the  inflammation  has  passed  off.  The  symptoms  are  intense  pain, 
fever  not  so  high  as  in  a  suppurative  form,  an<1.  '\.\  the  bone  is  superficial,  some  reiiness  of 
the  skin  over  llie  pari.  The  Ircalmeni  is  es.4CntiBlly  the  same  as  in  the  suppurative  fotoi. 
though  in  the  first  instance  one  might  continue  Ihe  use  of  fomeutations  for  ■  longer  period 
thaik  in  Ihe  case  of  acute  suppumtive  periostitis. 

Acute  Suppurative  Inflammation  of  Bone. — This  is  usually 
spoken  of  as  acute  osUoiiiyc/itis.  because  the  inflammation  almost  always 
begins  in  the  medulla  of  the  bone ;  in  a  few  cases,  however,  the  deeper 
part  of  the  periosteum  is  the  primary'  seat  of  the  process. 

Acute  suppurative  osteomyelitis  is  an  acute  suppurative  inflammation 
of  the  medulla  of  the  bone,  which  occurs  especially  in  young  subjects. 
and  which  may  be  accompanied  by  general  infection  of  the  body.  It  is 
due  to  the  pyogenic  organisms,  more  especially  lo  the  Staphylococcus 
pyogenes  aureus,  and  the  disease  may  arise  without  any  open  wound  in 
the  vicinity,  or  after  an  open  wound  such  as  amputation  or  a  compound 
fracture.  When  the  disease  commences  without  any  external  wound, 
the  organi.sms  must,  of  course,  be  deposited  in  the  part  from  the  blood, 
and  to  account  for  their  presence  in  the  blood  one  usually  finds  some 
preceding  inflammatory  condition  elsewhere,  such  as  a  boil.     In  many 
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cases,  apparently,  the  organisms  gain  access  to  the  blood  in  connection 
with  an  intestinal  catarrh,  and  the  disease  is  not  uncommon  after  chol- 
era and  acute  intestinal  disturbances.  As  to  the  deposit  of  the  organ- 
isms at  the  particular  part  afft'cted,  there  is  ver>'  often  some  history  of 
local   injury.     The   disease   occurring   spontaneously   almost    always 


Frc.  336.— Acule  osteomyelitis  of  the  tibia  (Niihols). 

attacks  the  bone  in  the  immediate  vicinity  of  the  epiphysis,  where  the 
circulation  is  slower  and  where  it  has  been  shown  that  solid  particles 
floating  in  the  blood  are  very  apt  to  be  deposited,  the  commonest  seats 
being  the  lower  end  of  the  femur,  the  upper  end  of  the  tibia,  the  upper 
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end  of  the  humerus,  and  the  lower  end  of  the  radius.  Of  the  cancel- 
lous bones,  the  os  calcis  near  tht  epiphyseal  line  is  perhaps  most  fre- 
quently affected.  In  some  cases  the  suppurative  inflammation  begins 
beneath  the  jjeriosteum  ;  but  usually  the  suppuration  under  the  perios- 
teum is  secondary  to  osteomyelitis. 

The  result  of  acute  inflammation  in  the  medulla  of  the  bone  is 
that  the  part  becomes  greatly  congested,  fluid  is  poured  out  which  fills 
up  the  cancellous  spaces  and  Haversian  canals,  and  subsequently  accu- 
mulates under  the  periosteum,  the  medulla  very  quickly  becomes  infil- 
trated with  pus,  the  periosteum  thickened  and  swollen,  and  pus  also 
forms  beneath  it  (Fig.  336).  The  suppuration  under  the  periosteum 
may  result  without  any  communication  with  the  medulla,  or  in  some 
cases  only  after  the  bone  has  become  softened  at  some  part,  and  a 
communication  is  thus  established. 

In  young  children  the  disease  may  remain  locsliied  in  the  neighborhood  of  Ihe  epiphyseal 
Cartilage,  and  i<  (hen  spoken  of  as  ticuif  e^i^kyuth,  ThiA  condilion  may  very  quickly  lead 
to  destruclion  of  Ihe  cartilage,  or  at  nny  tate  lu  a  solutiun  of  coDtJnuLty  between  the  epiph- 
ysis and  Ihe  diaphysis.  More  commonly,  however,  a  greater  or  less  portion  of  the  shaft 
also  becomes  involved. 

If  the  patient  lives  and  no  surgical  treatment  is  adopted,  this  condi- 
tion almost  always  results  in  death  of  a  greater  or  less  portion  of  the 
bone,  hence  the  term  "  acuU-  necrosis."  The  part  of  the  bone  which 
dies  is  essentially  the  dense  shaft,  and  it  may  involve  the  whole  circum- 
ference or  even  the  whole  length  of  the  diaphysis,  or  it  may  be  limited 
to  a  small  portion  in  the  vicinity  of  the  epiphysis ;  it  may  also  involve 
the  whole  thickness  of  the  shaft,  or  only  a  part  of  the  central  or 
peripheral  portion.  Suppuration  soon  occurs  beneath  the  periosteum, 
and  the  abscess  later  on  bursts  externally,  and  subsequently  fresh 
abscesses  and  openings  may  form.  So  long  as  the  dead  bone  remains, 
these  abscesses  refuse  to  heal,  and  sinuses  continue  which  lead  down  to 
the  sequestrum.  When  the  abscess  bursts,  the  severity  of  the  inflam- 
mation usually  subsides,  and  then  processes  go  on  which  lead  to  the 
separation  of  the  dead  bone. 

The  symptoms  of  acute  osteomyelitis  depend  on  the  virulence  of 
the  causal  organisms  and  on  the  e.vtent  and  situation  of  the  disease. 
In  any  case  there  are  usually  violent  fever  and  great  pain  in  the  first 
instance  ;  but  the  fever  soon  passes  into  the  E_\'phoid  type,  being  accom- 
panied by  a  rapid  small  pulse,  headache,  thirst,  drj-  tongue,  stupor  or 
delirium,  so  that  the  di.scase  is  at  this  stage  often  mistaken  for  tjphoid 
fever  or  meningitis.  The  pain  is  generally  intense,  and  if  the  bone  is 
superficial,  swelling  is  soon  apparent  over  it,  the  skin  also  becoming 
red  or  li\id.  In  the  course  of  a  few  days  fluctuation  becomes  evident, 
and  on  incision  pus  escapes  ;  the  bone  is  felt  to  be  bare  in  (jarts,  while 
in  others,  though  not  aclually  bare,  the  periosteum  peels  off"  very 
readily.  Where  the  bone  is  more  deeply  seated,  or  where  the  process 
is  confined  to  the  medulla,  the  swelling  and  redness  may  not  appear  so 
early;  but  in  any  case  the  pain  is  extremely  severe,  so  long  as  the 
patient  is  sufficiently  con.scious  to  refer  to  it.  In  yotmg  children  it  often 
happens  that  it  is  only  more  or  less  accidentally  that  one  finds  a  par- 
ticular bone  which  is  affected,  especially  where  the  patient  is  in  a  state 
of  stupor.     Under  such  circumstances  the  patient  does  not  call  any 
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special  attention  to  the  part,  aiid  it  is  these  cases  which  are  often  so 
extrcmel)'  difficult  to  diagnose.  In  severe  cases  the  symptoms  are  very 
grave  indeed,  and  may  end  in  death  in  two  or  three  days  from  rapid 
septicemia,  whiie  in  others  the  patient  may  siinive,  and  die  subsequently 
of  pyemia,  septicemia,  ulcerative  endocarditis,  exhaustion,  etc.  When 
the  disease  is  in  the  neighborhood  of  the  epiphysis,  the  joint  in  the 
vicinity  often  becomes  inflamed  and  swollen,  though  not  necessarily 
suppurating. 

Prognosis. — If  suppuration  occurs  in  the  Joint,  the  prc^nosis  is 
verj-  grave.  Tfie  prognosis  also  depends  to  a  very  great  extent  on  the 
treatment ;  early  and  vigorous  treatment  may  .save  e\en  verj-  grave 
cases.  Under  ajiy  circumstances,  however,  the  prognosis  is  grave, 
as  regards  both  the  immediate  and  subsequent  results,  the  certainty 
being  that  at  the  best  the  patient  will  have  a  long  illness,  that  he  may 
have  serious  derangement  of  the  neighboring  joint,  and  that  deficiencj- 
in  growth,  often  with  great  deformity,  may  result. 

So  far.  we  have  been  .speaking  of  acute  suppurative  inflammation 
of  bone  as  it  arises  spontaneously;  but  in  other  cases  the  disease  may 
follow  wounds  of  bones  such  as  amputations,  compound  fractures,  etc 
Under  these  drcumstances  the  infection  spreads  up  through  the  medul- 
lar>'  cavity,  and  also  frequently  under  the  periosteum  at  the  same  time, 
and  the  result  is  that  if  the  patient  lives,  there  is  usually  necrosis  of 
the  greater  part  of  the  bone,  extending  upward  for  a  considerable  dis- 
tance along  the  shaft,  and  not  infrequently  small  independent  seques- 
tra are  found,  especially  toward  the  central  part  of  the  bone.  The 
symptoms  here  are.  of  course,  similar  and  equally  grave,  but  the  diag- 
nosis is  more  easily  made,  because  attention  is  at  once  directed  to  the 
part  where  the  inflammation  is  taking  place. 

Diagnosis. — These  cases  of  osteomyelitis  and  acute  epiphysitis  must 
be  diagnosed  from  a  number  of  other  diseases,  more  especially  from 
tV*phoid  fever  and  meningitis,  from  acute  rheumatism,  from  an  abscess 
outside  the  bone,  and,  in  the  less  acute  forms,  from  non- suppurative  in- 
flammation, tuberculosis,  and  other  diseases.  As  regards  the  diagnosis 
from  typhoid  fcz-cr,  etc..  that  difficult}-  only  arises  in  the  ver>-  acute 
forms  where  there  is  rapid  poisoning  of  the  patient,  and  where  he 
cannot  therefore  gi^e  an  account  of  his  symptoms,  and  more  espe- 
ciall}-  in  young  children  who  are  not  able  to  tell  what  ails  them.  In 
cases  of  this  character,  where  .sjmptoms  set  in  so  acutely  and  rapidly, 
one  should  suspect  a  septicemic  condition  rather  than  a  specific  fever. 
such  as  tj-phoid  fever ;  and  in  all  suspicious  cases  one  ought  to  feel 
over  the  body,  especially  over  the  bones  usually  affected,  to  see  whether 
pain  is  caused  or  not :  if  the  child  winces,  a  local  cause  is  at  once  mani- 
fest. In  the  case  of  osteomyelitis,  also,  the  pressure  of  the  bone  in  an 
upward  direaion,  such  as  tapping  on  the  feet  in  cases  of  osteomj-elitis 
of  the  tibia  or  femur,  causes  pain. 

In  acute  rhaimatism  the  symptoms  are  more  general,  a  number  <rf 
joints  are  affected,  and  on  the  whole  the  condition  of  the  patient  is 
not  so  bad  as  in  osteomyelitis.  The  temperature  in  the  first  instance 
Is  not  so  high,  nor  does  the  patient  pass  into  the  t>-phoid  state.  A 
deep-seattd  abscess  will  rarely  gi\-c  rise  to  any  great  trouble.  It  does 
not  usually  produce  the  violent  constitutional  s>-mptoms.  cspeciall>' 
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the  typhoid  state  of  acute  osteomyelitis.  When  the  abscess  is  in  the 
leg.  tappinj^  the  foot  will  not  usually  increase  the  pain  unless  the 
inflamed  part  itself  is  touchw!  or  moved. 

The  treatment  of  acute  suppurative  inflammations  of  bone  must 
be  considered  according  to  the  stayc  of  the  disease  and  the  part  of  the 
bone  which  is  more  especially  affected,  according  to  the  presence  or 
absence  of  suppuration  in  tlie  neighboring  joints,  and  according  to 
whether  it  has  followed  an  open  wound  or  not. 

Acut<  sup/iiirafive  pt-riosliiis  is  extremely  rare;  but  if  in  a  case 
where  the  symptoms  have  lasted  for  only  two  or  three  days  it  is 
found,  on  cutting  through  the  periosteum,  that  a  large  abscess  is  pres- 
ent, it  is  possible  that  the  disease  is  limited  to  the  subperiosteal  tissue. 
and  it  may  be  well  to  remain  content,  at  any  rate  for  twenty-four 
hours,  with  free  incision  through  the  perio.steum.  This  incision  should 
be  extremely  free,  and  it  is  well  to  wash  out  the  pus  in  these  ca.se.s. 
When  it  is  possible  that  the  medulla  may  not  be  affected,  it  is  inadvis- 
able to  open  up  the  bone  at  the  time  of  the  first  operation,  otherwise 
it  might  become  infected  and  the  state  of  matters  be  made  very  much 
worse;  but  if,  after  twenty-four  hours,  it  is  found  that  the  grave  symp- 
toms still  continue  without  relief  it  is  an  indication  that  the  disease 
was  not  limited  to  the  periosteum,  but  affect-i  the  medulla  of  the  bone, 
and  therefore  under  these  circumstances  the  patient  should  be  again 
anesthetized,  and  the  medulla  of  the  bone  thoroughly  opened  up  in  the 
manner  immediately  to  be  described. 

The  treatment  ofaaiU  ostfomyelitis  consists  in  freely  opening  up  the 
medullary  cavity  and  clearing  out  all  the  pus  and  medullary  tissue. 
As  soon  as  the  diagnosis  has  been  made,  a  free  incision  should  be 
made  down  to  the  bone,  the  periosteum  turned  to  one  side,  and,  with 
a  chisel  and  hammer,  the  dense  shell  of  the  bone  cut  away  till  the 
medullary  cavity  has  been  well  opened  up  and  all  the  soft  material 
thoroughly  scraped  out.  The  incision  in  the  bone  must  be  extended 
until  the  whole  afTectcd  area  of  bone  has  been  exposed :  but  in  cases 
where  the  whole  diaphy.sis  is  affected,  it  may  be  more  convenient  to 
make  several  openings  in  the  bone  and  to  scrape  out  the  cavitj-  between 
them,  rather  than  to  make  one  large  gutter.  Seeing,  however,  that  a 
large  portion  of  the  bone  will  probablj'  die,  there  is  no  particular  harm 
in  gouging  away  a  large  amount,  for  one  may  actually  remove  the 
whole  of  the  necrosed  portion  in  this  way.  After  having  thoroughly 
cleaned  out  the  whole  of  the  medullary-  cavity,  it  should  be  sponged 
with  undiluted  carbolic  acid,  and  drainage-tubes  inserted.  A  Httlc 
cyanid  gauze  may  also  be  introduced  between  the  edges  of  the  wound 
and  between  the  drainage-tubes,  so  as  to  prevent  closure  of  the  wound 
in  the  first  instance.  The  limb  should  be  placed  on  a  splint.  If  after 
three  or  four  days  it  is  found  that  the  wound  is  aseptic,  the  .stuffing 
may  be  left  out,  and  only  one  or  two  drainage-tubes  retained  at  the 
angles  of  the  wound,  the  re.st  being  stitched  up. 

In  cases  where  the  whole  of  the  diaphysis  is  dead  and  separated  at 
the  epiphyseal  line,  it  may  be  removed,  the  ])eriostcum  being  left 
intact;  and  under  such  circumstances  a  certain  amount  of  bony  for- 
mation may  occur  from  the  detached  periosteum,  sufficient  sometimes, 
where  there  are  two  parallel  bone.s.  to  give  stability  to  the  limb.     If  a 
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sufficient  amount  of  bone  docs  not  develop,  bone-grafting  must  subse- 
quently be  employed ;  but  this  cannot  be  carried  out  unless  the  wound 
is  aseptic.     In  most  cases  it  is  best  to  delay  bone-grafting  until  the 
wound  has  quite  healed,  and  then  subsequently  to  open  up  the  pans  1 
again  with  the  Wew  of  introducing  the  grafts. 

In  the  ■fker-ireiunciii  one  mu^  rtmnnbcr  ihc  lendency  a%  Uie  neigbboriDg  joints  ta 
become  aXS  as  the  reiull  of  inllammatinn  in  ihp  joiats  itiemselTcs,  leading  lo  adhcsofu  md 
oblilcntion  of  portioDS  of  the  svnovial  capsule,  as  weU  a^of  irrfliimauitory  tiDdaCkm  umnd  1 
Ihp  joint,  giviog  riK  lo  fibrous  adhesions  around  it.  and  of  adhesion  of  lendoos  to  Ac  \tooe.  I 
AVith  Ihr  view  of  avoiding  thse  troubles,  the  splml  should  not  be  continned  too  kn^  mdl 
after  iwo  or  three  weeks  tnii»age  and  passive  motion  of  the  neighboiing  iuinls  um]  ■mtscles.J 
should  be  carried  out.      In  ibe  caw  of  the  lv*er  exlrrmily.  i<  is  veil  to  keep  ihe  padoM  iaT 
bed  Ml  long  as  there  is  a  prospccl  of  the  wound  healing  ;  but  if  it  is  etideol  ihsl  a  seqnettn^ 
is  present.  Iherc  i«  no  particular  object  in  keeping  him  in  bed,  and  his  strei^th  will  be  beUei 
maintained  by  allowing  him  to  gel  about.      A^  r^ird^  the  upper  eitt^nitj,  of  CDVr>c  like 
patient  need  not  be  kept  in  bed  at  all  after  the  ferei  nbiides. 

Among  the  chief  risks  of  acute  osteomyelitis  are  septicemia  and 
pyemia,  and  in  spite  of  free  and  early  operation  some  patients  still  suc- 
cumb to  these  diseases.  As  regards  pyemia,  if  symptoms  of  that 
disease  appear,  such  as  rigors,  etc.,  one  should  examine  the  state  of  the 
main  veins  of  the  limb,  with  the  \'iew  of  seeing  if  any  of  them  arc 
thrombosed  and  can  be  cut  off  from  the  general  circulation.  In  many 
cases,  howc\er,  the  septic  thrombosis  affects  the  smaller  veins  either  in 
the  bones  or  just  as  they  leave  the  bones,  and  it  is  hardly  possible  to 
carr)'  out  what  seems  to  be  the  only  promising  treatment  of  pyemia — 
\TZ..  the  remo\al  of  a  portion  of  the  \ein  beyond  the  thrombosed  part 
and  the  clearing  out  of  the  clot.  Hence  in  these  cases,  when  p>'einia 
declares  itself,  the  question  of  amputation  must  be  carefully  considered, 
and  if  amputation  can  be  carried  out  without  marked  shock  to  the 
patient,  and  above  the  seat  of  the  thrombus,  it  gives  the  patient  the 
best  chance.  If  thrombosed  veins  are  found  in  the  stump,  the>'  should 
be  followed  up  and  removed  at  a  point  bejond  the  thrombosed  area. 

In  cases  of  septicemia,  on  the  other  hand,  there  is  no  particular ' 
advantage  in  amputation,  because  under  those  circumstances  the  aHec- 
tion  generally  spreads  beyond  the  region  of  the  bone.    Hence  in  septice- 
mia we  can  only  see  that  the  suppurating  part  is  thoroughly  opeoed  ^ 
up,  cleared  out.  and  disinfected,  and  carrj-  out  the  rest  of  the  treatment' 
on  the  lines  indicated  in  speaking  of  septicemia. 

In  cases  of  aruU  nfiphysitis.  which  especially  ixrcurs  in  children,  the 
epiphyseal  cartilage  is  very  apt  to  be  completely  destroyed,  arn!  as  the 
result  no  further  growth  of  the  bone  takes  place;  thus  ver>'  material 
shortening  of  the  limb  may  result  as  the  patient  grows  up.  As  regartis 
the  treatment  of  the  acute  stage  of  epiph>sitis,  we  have  nothing  to  add 
to  what  has  been  aI^ead^-  said  with  regard  to  acute  osteomjclilis  getier- 
ally.  Free  incisions  must  be  made  down  to  the  part  as  soon  as  pos- 
sible, the  periosteum  di«ded.  and  the  bone  gouged  away  on  tbe  dn- 
physcal  side  of  the  epiph>-sis,  so  as  to  open  up  the  region  thorot^Ujr. 
The  only  point  lo  which  we  need  refer  in  connectioa  with  acale 
epiphysitis  is  the  deficient  growth  <rf'  the  bone  aitenaard — a  conrftjow 
which  is  not  only  very  serious  as  causing  shortening  of  the  limb,  but 
which  is  particularly  troublesome  where  one  of  two  parallel  bones  b 
affected.  leading  in  that  case  to  great  deformity  of  the  fc>ot  or  hand. 
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With  the  view  of  remedying  this  deformity,  some  surgeons  have  pro- 
posed that  in  cases  of  acute  epiphysitis  of  one  of  two  paiallcl  bones  it 
would  be  well  to  destroy  the  epiphyseal  cartilage  of  the  healthy  bone. 
The  great  objection  to  such  3  procedure  in  the  early  stage  is  that  one 
cannot  at  first  be  quite  sure  that  the  cartilage  is  entirely  destroyed. 
Where,  however,  two  or  three  years  have  elapsed,  and  it  is  evident  that 
no  growth  is  taking  place,  this  suggestion  is  well  worth  considering. 
The  ahernative  procedure  is  to  allow  the  bone  to  grow  and  the  deform- 
ity to  take  place,  and  then  to  cut  down  and  excise  portions  of  the 
longer  bone,  so  as  to  bring  the  foot  or  hand  straight  again.  The 
decision  as  to  which  of  these  procedures  should  be  adopted  depends 
essentially  on  the  age  of  the  patient  when  first  attacked  by  the  disease 
— /.  e.,  on  the  amount  of  growth  which  has  yet  to  take  place,  and  the 
consequent  degree  of  deformity.  If,  for  e.^ample,  several  years  have  to 
elapse  from  the  occurrence  of  the  disease  to  the  completion  of  growth, 
the  chances  of  getting  a  useful  result  from  taking  out  a  portion  of  the 
elongated  bone  arc  comparatively  slight,  at  any  rate  if  one  waits  till 
growth  is  complete,  because  by  that  time  the  joint-surfaces  will  have 
become  altered,  accommodated  to  the  new  state  of  matters,  and  will 
not  readily  take  up  a  fresh  position;  and  further,  the  tendons  and 
muscles  and  other  structures  will  all  have  become  short  in  accordance 
with  the  deformity.  Hence,  if  this  method  of  procedure  is  to  be 
carried  out,  it  should  be  done  long  before  the  bone  has  attained  its  full 
growth,  and  should  be  repeated  if  necessary.  Under  some  circum- 
stances, however,  the  first  plan  is  often  the  best. 

Where  we  have  acute  suppurative  inflammation  of  bone  accompanied 
by  suppuration  in  the  neighboring  joints,  we  have  to  do  with  a  very 
serious  condition,  and  one  which  often  ends  fatally.  These  are  usually 
cases  of  acute  epiphysitis.  Under  such  circumstances,  the  first  thing 
that  one  thinks  of  is  the  advisability  of  amputation,  and  in  most  cases, 
if  the  patient  is  seen  before  his  condition  has  become  hopeless,  ampu- 
tation through  the  bone  above  is  the  best  treatment.  In  some  cases, 
however,  where  the  symptoms  are  not  so  severe,  one  may  be  content 
with  opening  up  the  medulla,  as  already  described,  and  in  addition 
making  free  incisions  into  the  joint  so  as  to  expose  thoroughly  and 
evacuate  every  recess,  subsequently  draining  the  joint  for  a  lime,  and 
if  necessary  employing  constant  irrigation. 

As  regards  acute  suppurative  osteomyelitis  and  periostitis  resulting 
after  an  open  -wound,  we  meet  with  this  at  all  ages,  and  the  age  of  the 
patient  is  of  very  great  importance  in  determining  the  method  of  treat- 
meoL  Under  these  conditions  the  organisms  at  once  spread  into  and 
along  the  medulla  and  under  the  periosteum  with  great  rapiditj',  and 
lead  almost  certainly  in  the  case  of  an  amputation-stump  to  complete 
necrosis  of  the  lower  end  of  the  stump,  and  verj-  often  to  the  forma- 
tion of  sequestra  higher  up.  This  condition  is  also  extremely  apt  to 
be  accompanied  with  pyemia;  and  in  the  case  of  a  stump  the  piece 
of  bone  which  is  left  is  very  often  not  worth  saving,  at  any  rate  not 
worth  risking  the  patient's  life  to  save.  Hence  the  projx.T  procedure 
in  acute  necrosis  following  amputation-wounds  seems  to  be  early  am- 
putation through  the  joint  above. 

In  the  cases  of  compound  fractures  where  osteomyelitis  has  set  in. 
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iiiiU'.s.s  1I1C  condition  is  very  limited,  amputation  is  usually  the  best 
|)nu:tii:ir ;  but  in  some  cases  where  the  disease  is  quite  limited  and  the 
|uitii^nt  is  younjr,  one  m;ty  delay  and  wait  for  the  separation  of  seques- 
tra, and  in  this  way  jjet  a  satisfactory  limb. 

Necrosis  of  bone  follows  acute  suppurative  osteomyelitis  and 
]UTiostitis,  and  may  also  result  from  tuberculous  disease,  syphilis,  the 
action  of  phosphorus,  etc..  Here  we  shall  only  consider  the  sequestra 
which  follow  acute  suppurative  osteomyelitis.  In  this  case  the  seques- 
tra present  tlic  character  of  the  normal  dense  bone,  which  dies  before 
aay  alteration  has  taken  place  in  it.  Once  a  piece  of  bone  has  died, 
it  must  become  sejKirated  from  the  living  by  a  process  of  granulation 
anti  suppuration  ;  the  livinj;  bone  in  the  immediate  vicinitj'  of  the  dead 
t;radtuilly  In-comes  soft  ;ls  the  residt  of  rarefyinjj  osteitis,  and  ultimately 
the  solii)  i^xirt  of  the  bone  disapitears  and  its  place  is  taken  by  granula- 
ti*>n-l issue.  When  once  the  whole  of  the  li\in[j  bone  in  immediate 
contact  with  the  dead  has  been  converted  into  granulation-tissue,  sup- 
puration takes  place  at  the  jwint  of  contact,  and  then  the  piece  of  dead 
kine  conies  to  be  liKise.  Ij'iny  in  a  cavit>-  lined  with  granulation-tissue. 
The  time  n-quin.-d  for  the  separation  of  the  dead  piece  of  bone  \-aries 
ixvtva  six  ivivks  to  six  nionths,  according  to  the  densit>"  and  \-italit}'  of 
the  b<.>ne  atVectcd.  During  the  process  of  separation  of  the  dead  bone, 
c*>n lie ns.it ion  of  the  bone  art^und  takes  place,  and  new-formation  of 
bone  gtx's  on  acti%ely  fr<.^ni  the  periosteum,  which  has  been  detached, 
>in»I  fri^ui  the  sxirtace  of  the  bi>ne  at  the  point  of  junction  of  the  Ii\'ing 
anil  the  ileaii.  Hence,  while  the  sequestrum  is  becoming  loose,  new 
bi.>no  is  Ix-ing  fomie^l  e.xtensivcly  around  it,  till  by  the  time  the  secucs- 
tr»mi  is  lietached  it  lies  in  a  cavity  formed  partly  of  new  bone,  two  or 
three  holes  tennevi  o'umc.v  beinj;  left  in  the  new  cise.  thn>u£:h  which 
the  pi:s  escapes.  The  de.id  fragment,  if  o:"  any  s:;s.  Cinr.ot  esdpe 
lhi\'i;i;h  the  holes  th.u  are  left  in  the  b*.Ty  ex**;,  and,  ilthough  sc-ill 
iv*r;:\'::s  n'.ay  becon'e  broken  on  ,ind  i;raduill>-  ■.»  :r'<  ;ht;r  way  to  the 
s;i::,*o.'.  :;-v-  :■.■..;;:;  Sicuosrrum  lies  there  un'.css :;  .*  re~:-.;i  by  .srirciil 
nv.iT's       So  !o;!i;  ,i<  :t  r;:r,i:r.s.  s::-,'V'-.:rin-"n  :s   -;;;,:  -7  ir-.-T.L  :z :  the 

.-:"  ;;:i  "r\-".;. -i-.j  s:e.i,i;!y    ■•;7i.i>:n^  tlv-Vvrt"'?  :i  z'r.t 


s>  mptoms 


t'l;    ^."C- 


;    -i_— .  ,1 


-■ .. .    . ». 


INFLAMMA  TION. 


673 


I 
I 
\ 


though  we  may  not  be  able  to  find  bare  bone,  it  is  certain  to  be  there 
under  tiie  circumstances  mentioned,  and  the  failure  to  find  it  simply 
means  that  the  sinus  is  tortuous  or  that  the  opening  in  the  new  case  is 
too  small  to  admit  the  probe. 

Treatment. — During  the  period  which  intervenes  between  the  attack 
of  acute  illness  and  the  separation  of  the  sequestrum,  there  is  no 
object  in  any  surgical  interference  ;  for  if  one  cuts  down  at  that  time, 
it  is  difficult  to  be  certain  how  much  of  the  bone  is  dead  and  where 
tho  point  of  contact  of  the  dead  and  the  living  is.  Therefore,  up  to 
the  time  when  the  bone  has  become  separated  by  natural  processes, 
all  that  one  need  do  is  to  apply  antiseptic  ointments  to  the  orifice  of 
the  sinuses  and  to  see  that  proper  escape  of  discharge  is  provided. 
When  a  suitable  lime  for  operation  has  arrived,  the  first  point  for  con- 
sideration is  how  we  can  get  as  free  access  to  the  dead  bone  as  possi- 
ble; and  if  the  sinuses  are  situated  in  parts  where,  on  account  of  the 
presence  of  nerves,  vessels,  etc.,  we  cannot  make  a  free  enough  oiwn- 
ing,  we  should  disregard  the  sinuses  altogether  and  cut  down  on  some 
other  part  of  the  bone  where  the  anatomical  arrangements  are  more 
favorable.  The  incision  in  the  skin  should  be  coextensive  with  the 
thickening  of  the  bone,  because  it  is  absolutely  essential  that  the  whole 
cavity  in  which  the  bone  lies  should  be  freely  opened  up,  both  with  the 
view  of  making  certain  that  the  whole  fr^igment  is  removed,  and  al.'io 
with  the  view  of  providing  proper  escape  of  discharge  afterward  and 
of  obtaining  proper  closure  of  the  cavity.  The  skin  and  tissues  are 
therefore  divided  freely,  the  periosteum  detached  laterally  over  the 
thickened  area,  so  as  to  give  free  access,  and  then  with  a  chisel  and 
hammer  one  proceeds  to  chisel  away  the  bone  till  one  reaches  the 
cavity  where  the  sequestrum  is  present.  Where  the  patient  is  weakly, 
it  is  in  most  cases  advisable  to  apply  a  tourniquet  before  the  operation, 
both  with  the  view  of  preventing  unnecessary  loss  of  blood,  and  also 
with  the  view  of  being  able  to  disinfect  the  cavity  thoroughly  after- 
ward. HaWng  reached  the  cavit\-  in  the  bone,  it  should  be  opened  up 
completely  from  end  to  end  and  from  side  to  side  till  the  sequestrum 
can  be  lifted  out  without  any  trouble.  Having  removed  the  sequestrum 
and  thoroughly  scraped  out  all  the  granulation -tissue,  one  should  also 
dissect  out  the  sinuses  which  lead  to  the  diseased  bone,  and  then  pro- 
ceed to  disinfect  the  parts  in  the  hope  of  obtaining  asepsis.  The  part 
should  be  thoroughly  sponged  with  undiluted  carbolic  acid,  and  after 
this  has  acted  for  a  few  minutes,  the  cavity  should  be  tightly  packed 
with  gauze  sprinkled  with  iodoform.  The  tourniquet  can  then  be 
relaxed,  and  any  superficial  vessels  which  spout  can  be  tied  and  the 
rest  of  the  wound  filled  up  with  packing.  An  antiseptic  dressing  is 
apphed  outside,  and  in  many  cases  one  in  this  way  succeeds  in  render- 
ing the  wound  aseptic. 

An  important  point  in  the  after-treatment  is  to  decide  wh.it  is  to  be 
done  as  regards  the  lai^e  cavity  left  behind.  If  the  septic  condition  is 
not  eradicated,  the  stuffing  can  be  taken  out  in  two  or  three  days,  and 
the  best  thing  to  do  then  is  to  stitch  together  the  skin-incision,  with  the 
exception  of  an  opening  at  one  end  through  which  a  large  drainage- 
tube  passes  into  the  cavity.  When  we  find  on  dressing  the  wound 
after  three  or  four  days  that  there  is  no  suppuration  whatever,  the  stuff- 


5/4 


IITTERNATIONAL    TEXTBOOK  OF  SUFGBRY. 


ing  should  be  completely  removed,  ami  an  attempt  may  be  made  to  fill 
up  the  cavity  with  materia!  which  will  become  organized,  either  blood- 
clot  alone,  or  catgut,  or  decalcified  bone-chips.  Of  these  methods,  the 
best  is  bone-grafting  by  means  of  decalcified  bone-chips.  These  bone- 
chips  are  decalcified  and  kept  in  a  solution  of  corrosive  sublimate  in 
alcohol.  The  cavity  is  filled  up  with  the  bone-chips,  a  little  bleeding  is 
induced,  so  that  the  intervals  between  the  chips  become  filled  with  blood- 
clot,  and  then  the  periosteum,  if  possible,  is  brought  together,  a  stitch 
or  two  put  in  between  the  muscles,  and  tlie  skin-wound  closed.  A 
draifiage-tube  is  not  usually  required  unless  excessive  bleeding  is  pres- 
ent, in  which  case  a  few  strands  of  catgut  brought  out  at  the  lower  end 
of  the  wound  will  allow  the  superfluous  blood  to  escape.  The  wound  is 
covered  with  an  antiseptic  dressing,  and  the  part  placed  at  rest  on  a  splint. 
As  regards  the  after-treatment  of  operations  for  necrosis,  one  must 
remember  that  if  the  limb  is  kept  at  rest  too  long,  not  only  may  the 
neighboring  joints  become  stiff,  but  the  muscles  are  very  apt  to  become 
adherent  to  the  edge  of  the  opening  in  the  bone,  and  also  to  become 
thickened  and  matted  together.  Therefore,  from  quite  an  early  period 
massage  should  be  employed.  This,  however,  must  be  more  carefully 
done  in  cases  where  bone-grafting  has  been  employed,  otherwise  the 
young  organizing  material  may  be  broken  up  and  organization  pre- 
vented. At  the  same  time  it  should  be  remembered  that  the  patient 
has  been  pulled  down  by  the  previous  illness,  and  nourishing  diet  and 
the  best  hygienic  conditions  employed.  The  administration  of  iron, 
especially  in  the  form  of  Blaud's  pills  or  capsules,  is  of  importance : 
the  condition  of  the  urine  must,  of  course,  be  watched,  and  so  on. 
While  this  is  the  general  rule  of  treatment  in  young  persons,  in  old 
people  amputation  is  frequently  advisable,  and  it  may  also  be  required 
in  young  persons  where  the  health  is  much  broken  down,  the  kidneys 
diseased,  etc. 

Sir  James  Paeel  has  referred  under  Ihe  name  of  "  q«Ut  Htemn'i"  to  a  condition  in  which 
necroiiis  of  bone  occurs  without  aav  violent  inllammalion  nnd  wilhoat  the  formation  of  ^jdubcs 
leading  to  (ht  sequeslnim.  These  cases  are  rare,  and  il  is  probable  that  a  good  many  of 
thctn  HJe  examples  of  tuberculous  diseo;^  of  bone.  Cases  are  seen,  however,  and  1  have 
met  wtlh  them,  where  on  chiseUing  up  a  mass  of  inHamed  bone  a  scquesiruin  h  found  in  the 
interior ;  bul  liie  only  interest  in  these  cases,  frotn  Ihe  point  of  view  of  treatment,  is  to 
remember  that  when  one  is  opening  up  bone  thickened  as  the  result  of  chronic  inHamtnation. 
otic  should  be  on  the  lookout  not  only  for  a  ihrnnir  abscess,  but  also  for  a  piece  of  dead  bone. 

Chronic  Periostitis  and  Osteomyelitis. — In  addition  to  the 
acute  forms  of  inflamtnation  of  bone,  we  may  have  inflammation  of  a 
more  chronic  type  affecting  either  the  periosteum  or  the  medulla  and 
adjacent  dense  bone.  This  condition  may  in  some  cases  follow  the 
acute,  but  more  usually  it  is  chronic  from  the  first.  In  the  case  of 
chronic  periostitis  the  result  is  great  thickening  of  the  periosteum  itself 
and  marked  formation  of  new  bone  underneath  it,  and  al.so  great  con- 
densation of  the  pre-existing  bone.  In  the  case  of  chronic  osteomye- 
litis the  result  is  cither  softening  of  the  bone,  "  rarefying  osteitis  "  or 
condensation  of  the  bone,  "condensing  osteitis."  or  a  localized  abscess 
in  the  bone.  "  Brodie's  abscess."  In  some  rare  cases,  as  has  just  been 
mentioned,  a  sequestrum  has  also  been  found. 

As  to  the  etiology  of  chronic  periostitis  and  osteomyelitis,  it  some- 
times occurs  after  an  injury,  in  other  cases  in  connection  with  some  con- 
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stitutional  condition,  such  a.s  rheumatism,  or  again  under  circumstances 
which  we  do  not  exactly  understand.  We  exclude  here  chronic  inflam- 
mation dependent  on  tuberculosis  or  syphilis. 

As  regards  the  symptoms  of  chronic  periostitis  and  osteomyelitis, 
we  have  very  marked  thickening  of  the  bone  in  the  region  of  the  dis- 
ease, and  tenderness  over  the  inflamed  part,  generally  acute  at  certain 
points.  There  is  often  a  great  deal  of  pain,  which  is  worse  when  the 
limb  becomes  warm,  and  more  esjx'cially  when  the  patient  is  in  bed  at 
night.  The  tenderness  is  usually  more  marked  in  chronic  periostitis 
than  in  chronic  osteomyelitis;  while,  on  the  other  hand,  in  chronic 
osteomyelitis  the  pain  is  more  marked  than  the  tenderness,  and  is 
especially  of  a  neuralgic  and  throbbing  character.  In  both  cases  the 
^mptoms  may  subside  at  times  and  again  get  worse,  the  course  being 
marked  by  exacerbations  and  remissions;  sometimes  even  for  months 
the  patient  may  be  comparatively  free  from  pain,  and  then  again  suffer 
from  a  severe  attack.  In  cases  where  we  have  Brodie's  abscess  of  bone, 
the  disease  is  generally  in  the  neighborhood  of  the  epiphysis,  there  is 
marked  enlargement  at  the  part,  the  pain  is  of  a  very  intense  character, 
especially  at  night,  and  there  is  generally  a  tender  spot  somewhere  or 
other.  Sometimes,  indeed,  where  the  disease  has  lasted  long  and 
where  the  bone  has  become  softened,  we  may  also  find  a  soft  spot. 

The  treatment  of  these  conditions  is  either  palliative  or  radical. 
Palliative  treatment  consists  in  rest  to  the  part,  elevation,  the  employ- 
ment of  counterirritation  in  the  form  of  either  blisters  or  the  actual 
cautery,  especially  Corrigan's  cauterj',  and  the  administration  of  drugs 
internally,  of  which  the  chief  are  potassium  iodid  and  salicin  or  sodium 
salicylate.  Apart  from  the  possible  syphilitic  origin  of  some  of  these 
cases,  large  doses  of  potassium  iodid  seem  to  relieve  the  pain  in  some 
cases  very  markedly — doses,  for  instance,  commencing  with  10  grains 
three  times  a  day,  and  rapidly  going  up  to  20  or  30  grains.  The  result 
of  this  palliative  treatment  is  usually,  however,  only  temporary,  and  it 
is  but  seldom  that  a  cure  results,  even  though  the  treatment  be  contin- 
ued for  many  months.  As  a  rule,  the  patient's  condition  improves  for 
a  time,  and  he  may  keep  pretty  well  while  taking  large  doses  of  potas- 
sium iodid ;  but  if  he  begins  to  walk  about,  and  especially  if  he  lea\'es 
off  his  iodid,  the  old  symptoms  are  extremely  apt  to  recur. 

Hence  in  cases  where  a  sufficient  trial  has  been  given  to  palliative 
measures  without  much  benefit,  it  is  advisable  to  propose  an  operation. 
The  operative  procedures  con.sist  in  cutting  down  on  the  inflamed 
pan  and  removing  as  far  as  possible  the  whole  of  the  thickened  and 
inflamed  periosteum,  gouging  away  a  large  portion  of  the  thickened 
bone,  and  looking  for  the  presence  of  an  abscess  or  sequestrum  or 
other  cause.  Strict  asepsis  is  imperative.  If  an  abscess-cavity  is  found, 
it  should  be  thoroughly  opened  up  in  the  manner  described  in  speaking 
of  sequestra ;  it  is  well  to  sponge  out  the  cavity  afterward  with  undiluted 
carbolic  acid.  After  the  operation  the  wound  should  be  stitched  up 
closely  and  healing  by  first  intention  aimed  at.  With  the  view  of  getting 
a  better  scar,  one  should  use  curved  inci.sions,  turning  aside  a  flap,  rather 
than  a  straight  incision  over  the  center  of  the  inflamed  area.  Afterward 
the  limb  should  be  put  in  a  splint  for  two  or  three  weeks,  because  the 
cavity  in  the  bone  fills  with  blood-clot  which  must  become  organized. 
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In  cases  where  the  inflammation  is  at  some  distance  from  a  joint,  this 
splint  may  be  continued  even  longer.  When  the  spHnt  is  left  ofT,  the 
patient  should  still  be  kept  in  bed,  if  it  is  the  lower  extremity  which  is 
the  seat  of  the  disease,  for  six  weeks  or  a  couple  of  months,  so  as  to 
allow  the  new  tissue  to  become  thoroughly  firm.  If  the  patient  gets 
up  too  early,  the  young  vessels  in  the  organizing  blood-c!ot  give  way, 
hemorrhage  takes  place,  and  the  process  of  organization  is  apt  to  be 
arrested.  Massage  and  passive  movement  should  be  kept  up  from  an 
early  period  after  the  operation, 

TUBERCULOUS  DISEASE  OF  BONE. 

The  parts  of  the  bone  affected  with  tuberculous  disease  are  chieflv 
the  cancellous  ends  (Fig.  337),  either  the  epiphysis  itself  or  the  shaft 


Fig.  337. — Miliary  lubcrele  of  bone;  on  Ihe  righl,  beginning  aeparalion  ol  sequeslrum. 


outside  the  epiphyseal  line.  In  other  cases,  however,  the  medulla  of 
the  shaft  may  become  affected,  or  again  the  disease  may  begin  beneath 
the  periosteum.     The  disease  may  assume  the  following  forms  : 

1.  Acute  Tuberculosis  of  Bone., — This  may  occur  in  the  course  of  a 
general  acute  tuberculosis,  or  may  be  limited  to  one  bone,  arising  in 
connection  with  a  tuberculous  deposit  at  one  part  of  the  bone.  The 
form  which  occurs  in  acute  general  tuberculosis  is  not  of  clinical 
importance ;  but  where  the  outbreak  is  limited  to  one  bone,  it  influences 
the  treatment  in  so  far  that  nothing  short  of  removal  of  the  afl'ected 
bone  is  Ukely  to  do  any  good. 

2.  Limited  deposits  of  tuberculous  material  may  occur  in  bones, 
especially  in  the  epiphysis  or  in  the  diaphysis  in  the  immediate  neigh- 
borhood of  the  epiphyses.     They  may  present  the  form  of  soft  caseat- 
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ing  deposits  in  which  the  trabeculae  of  the  bone  have  more  or  less 
completely  disappeared,  or  of  sequestra  which  he  embedded  in  tuber- 
culous material,  and  which  are  denser  and  heavier  than  the  normal 
bone,  but  easily  broken  up  and  very  slow  in  separating. 

3.  Tuberculous  osteomyelitis,  where  the  medullary  tissue  of  the 
bone  becomes  infiltrated  «illi  tuberculous  material.  This  condition 
especially  affects  the  short  long  bones,  such  as  the  phalanges  and 
metacarpal  bones;  and  in  the  fingers  it  is  known  as  " stnimotts  daclyl- 
i/is."  It  is  also  the  most  common  form  of  tuberculosis  in  the  small 
cancellous  bones. 

4.  Tuberculous  periostitis,  in  which  the  tuberculous  material  is 
deposited  beneath  the  periosteum.  This  form  especially  occurs  in  con- 
nection with  the  ribs  and  the  vertebra:,  and  the  result  of  the  disease  is 
th.ll  the  bone  becomes  eroded,  and  in  the  case  of  the  ribs  may  be 
almost  completely  destroyed,  and  undergo  fracture.  At  the  same  time 
the  tuberculous  material  is  apt  to  spread  outward  and  form  abscesses 
in  the  soft  tissues. 

As  regards  the  further  history  of  the  tuberculous  deposits  in  bone, 
the  tendency  is  for  the  disease 
to  spread :  softening  of  the 
bone  occurs,  and  by  and  by 
the  deposit  reaches  the  surface. 
In  cases  where  the  epiphysis  is 
affected,  the  oijening  on  the 
surface  may  occur  either  into 
the  joint  itself,  in  which  case  it 
is  followed  by  acute  disease  of 
the  joint,  or  outside  the  limits 
of  the  synovial  membrane. 
The  cases  in  which  the  deposit 
reaches  the  joint  (Fig.  338)  is 
discussed  under  the  head  of 
Tuberculous  Disease  of  Joints 
(p.  703).  When  it  reaches  the 
surface  outside  the  capsule  of 
the  joint,  it  leads  to  infection 
of  the  periosteum  and  subse- 
quently of  the  .soft  tissues,  and 
to  the  formation  of  a  chronic 
abscess,  which,  when  opened, 
is  found  to  lead  down  to  an 
opening  in  the  bone,  and 
through  this  ojiening  to  the 
tuberculous  depo.sit  in  the 
bone. 

As  regards  the  etiology 
of  these  cases,  the  ultimate 
cause  is  the  tubercle  bacillus, 
but  the  localiz.ition  of  the  dis- 
ease in  a  bone  is  very  often 
brought  about  by  the  occurrence  of  some  slight  injury. 


Ftc  338. — Tuberculous  diwase  of  the  knee-joinl 


These  cases 
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occur  especially  in  children  and  young  adults,  the  tendency  to  tuber- 
culous deposits  in  the  bone  being  greater  in  children,  while  in  adults 
tuberculous  periostitis  is  more  common. 

The  symptoms  of  tuberculous  disease  of  bone  are  in  the  early 
stage  often  vcrj'  obscure;  indeed,  the  disease  may  have  advanced  to  a 
considerable  extent  before  the  patient's  attention  is  attracted  to  it.  In 
the  case  of  tuberculous  deposits  toward  the  ends  of  bones,  the 
patient  may,  for  weeks  preceding  the  occurrence  of  any  marked  symp- 
toms, have  noticed  an  indefinite  aching,  or  even  only  a  feeling  of  tired- 
ness, in  the  limb,  and  a  disinclination  to  go  about  as  much  as  usual, 
but  no  acute  pain.  Later  on,  some  enlargement  of  the  affected  portion 
of  the  bone  occurs,  and  the  aching  becomes  somewhat  more  marked, 
but  it  in  no  way  resembles  the  pain  and  aching  which  are  characteristic 
of  a  simple  chronic  o.steomyelitis  or  perio.stitis.  On  examining  the 
part,  some  enlargement  of  the  bone,  usually  limited  to  one  side,  may 
be  found,  and  possibly  also  a  little  tenderness  on  pressure.  If  the 
disease  has  existed  for  some  time,  one  may  conic  across  a  point  where 
the  tenderness  is  more  marked  and  where  a  certain  amount  of  soften- 
ing can  be  felt.  If  that  is  the  case,  it  indicates  the  point  where  the 
tuberculous  deposit  is  making  its  way  out  of  the  bone.  When  chronic 
abscess  has  formed  outside  a  bone,  accompanied  by  enlargement  of  the 
bone  and  preceded  by  these  indefinite  symptoms,  the  diagnosis  is  at 
once  clear,  because  the  occurrence  of  a  chronic  abscess  in  connection 
with  bony  enlargements  is  practically  pathognomonic  of  tuberculosis. 
Under  no  other  circumstances  that  I  know  of  does  chronic  abscess 
occur,  unless  possibly  in  actinomycosis.  Where  the  case  is  one  of 
tuberculous  periostitis,  the  diagnosis  is  generally  made  much  sooner,  on 
account  of  the  early  formation  of  a  chronic  abscess. 

In  the  case  of  tuberculous  osteomyelitis  of  the  short  long  bones, 
such  as  the  phalanges,  the  appearance  is  very  characteristic.  The 
patient  is  almost  always  a  child  ;  very  often  several  bones  are  affected, 
and  the  enlargement  of  the  bone  is  of  a  spindle-shaped  character.  In 
the  early  stage  there  is  no  softening  or  pain,  and  later  on  the  presence 
of  an  abscess  adds  to  the  certainty  of  the  diagno.sis.  In  this  case  the 
only  difficulty  will  arise  in  connection  with  hereditary  syphilis,  beeau.se 
in  syphilis  one  meets  with  a  somewhat  similar  condition.  There,  how- 
ever, the  condition  arises  usually  in  infancy,  other  symptoms  of  syph- 
ilis are  present,  and  abscess-formation  does  not  occur.  In  the  case  of 
tuberculous  osteomyelitis  of  the  cancellous  bones,  such  as  the  tarsal 
bones,  beyond  the  feeling  of  uneasiness  and  aching  in  the  early  stage, 
the  patient  does  not  u.soally  notice  anything  till  the  disease  has  attacked 
the  neighboring  joints.  The  symptoms  of  disease  of  the  tarsus  will 
therefore  be  left  till  the  discussion  of  Tuberculous  Disea.ses  of  Joints. 

As  regards  the  treatment,  it  will  hardly  be  necessary  to  treat 
separately  of  tuberculous  deposits,  tuberculous  osteomyelitis,  and  tuber- 
culous periostitis.  The  most  convenient  way  is  to  speak  of  tuberculou.s 
disease  of  bone  without  abscess,  tuberculous  disease  of  bone  with 
abscess,  and  tuberculous  disease  of  bone  with  septic  sinuses. 

I.  Tuberculous  Disease  without  Abscess. — Where  there  is  no 
abscess  the  difficulty  is  to  diagnose  the  existence  of  tuberculous  di.s- 
ease ;  but  having  decided  that  this  is  present,  the  question  lies  between 
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palliative  and  radical  measures.  Under  palliative  measures  we  include 
rest  to  the  part,  countcrirritation,  pressure,  good  hygienic  conditions. 
country  air.  cod-liver  oil,  syrup  of  iodid  of  iron,  etc.  In  the  6rst 
instance,  while  one  is  still  doubtful  as  to  the  existence  of  a  tubercu- 
lous deposit,  or  as  to  whether  the  disease  is  quiescent  or  active,  these 
are  the  measures  that  should  be  employed. 

When  on  a  careful  trial  of  palliative  measures  it  is  found  that  the 
enlargement  is  increasing,  and  more  especially  when  this  enlargement 
is  in  the  neighborhood  of  the  joint,  the  time  has  arrived  for  the  con- 
sideration of  operative  measures.  The  operative  measures  consist  in 
turning  aside  a  flap  so  as  to  expose  the  enlarged  portion  of  bone,  chis- 
elling through  the  hard  shell  of  the  bone,  and  cleaning  out  the  cancel- 
lous tissue  till  the  tuberculous  deposit  is  reached.  When  this  is  found, 
it  should  be  thoroughly  removed,  preferably  by  Barkers  flushing 
spoons  or  gouges.  When  the  soft  tissue  or  sequestrum  has  been 
scooped  out,  some  of  the  hard  bone  in  the  immediate  vicinity  should 
be  taken  away,  so  as  to  ensure  as  far  as  possible  the  removal  of  all  the 
tuberculous  material.  Having  thoroughly  cleared  out  the  deposit,  it 
is  well  to  sponge  the  interior  of  die  cavity  in  tlie  bone  with  undiluted 
carbolic  acid,  in  order,  if  possible,  to  destroy  any  tuberculous  tissue 
which  may  still  remain.  The  wound  may  then  be  stitched  up  without 
drainage.  The  carbolic  acid  does  not  seem  to  interfere  materially  with 
the  proper  formation  of  the  blood-clot.  If,  however,  there  is  much 
oozing,  it  is  well  to  introduce  at  one  angle  of  the  wound  for  two  or 
three  days  either  a  small  drainage-tube  or  a  few  strands  of  horsehair 
or  catgut,  so  as  to  allow  the  blood  to  escape.  The  operation  must  be 
done  with  strict  aseptic  precautions,  and  an  antiseptic  dressing  applied 
afterward.  As  regards  the  subsequent  treatment,  it  is  well  to  place 
the  part  in  a  splint  for  a  time,  in  order  to  prevent  movement  and  favor 
the  organization  of  the  blood-clot.  Of  cour.se,  the  various  constitu- 
tional means  that  have  been  mentioned  with  the  view  of  improving  the 
health  of  the  patient  should  also  be  used. 

The  treatment  is  similar  in  cases  of  tuberculous  osteomyelitis  affect- 
ing the  shafts  of  bones.  For  example,  in  strumous  dactylitis  we  should 
persevere  for  a  verj-  considerable  time  with  careful  rest  and  pressure 
and  good  hygienic  conditions.  Operation  is  hardly  necessary  in  these 
cases  unless  there  are  signs  of  abscess-formation  outside  the  bone. 
The  operation  consi.sts  in  clearing  out  the  disease  and  thorough  disin- 
fection of  the  cavitj-  in  the  manner  just  described. 

In  the  case  of  tuberculous  osteomyelitis  of  the  small  cancellous 
bones,  such  as  the  tarsal  bones,  the  best  result  is  obtained  by  excising 
the  affected  bone  completely.  As  a  rule,  if  only  one  bone  is  taken 
away,  the  result  is  extremely  satisfactory  as  regards  the  usefulness  of 
the  foot.  In  after  years,  in  the  case  of  the  cuneiforms  more  esj>ecially, 
one  is  often  unable  to  tell  that  anything  had  been  removed  from  the 
foot. 

In  cases  where  one  cannot  remove  the  whole  of  the  tuberculous 
material  satisfactorily,  it  is  better  not  to  close  the  wound,  but  to  stuff 
it  with  gauze  sprinkled  with  iodoform,  and  to  continue  the  stuffing  of 
the  wound  till  the  whole  cavity  has  become  filled  with  healthy  granu- 
lations.    When  once  this  is  the  case,  the  stuffing  may  be  abandoned, 
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the  edges  of  the  skin  rirfrcshcd  and  brought  together,  and  a  small 
drainage-tube  inserted  for  a  few  days  to  allow  the  escape  of  any  fluid. 
If  in  such  a  case  the  wound  were  stitched  up  in  the  first  instance,  the 
blood-clot  might  become  infected  with  tuberculous  material,  and  the 
disease  would  recur. 

2.  Tuberculous  Disease  of  Bone  with  Abscess. — Here  the  treat- 
ment is  practically  the  same  as  before,  with  the  exception  that  one 
should  remove  the  abscess-wall  as  thoroughly  as  possible,  and  also 
that  one  need  not  delay  at  all  with  palliative  measures.  In  the  case 
of  tuberculous  di.sease  toward  the  ends  of  bones,  with  chronic  abscess, 
one  should  cut  down  on  the  part  and  dissect  out  the  abscess  as  if  it 
were  a  cyst,  and  then  look  for  a  hole  in  the  bone,  enlarge  it  thoroughly, 
and  deal  with  the  tuberculous  deposit  in  the  interior  in  the  manner 
juKt  described.  In  cases  where  we  have  to  do  with  a  bnne  like  the 
rib,  the  treatment  can  be  very  satisfactorily  carried  out  by  removing 
the  whole  of  the  affected  portion  of  the  bone.  In  this  case  the  surgeon 
first  separates  the  abscess  from  the  surrounding  parts  without  opening 
it,  a.scertains  which  rib  is  affected  and  the  extent  of  the  disease,  divides 
the  healthy  rib  on  each  side  of  the  affected  part,  raises  it  from  the 
pleura  beneath,  and  removes  it  along  with  the  abscess.  As  the  abscess 
extends  to  the  uddcr  surface  of  the  rib,  the  tuberculous  material  on 
the  surface  of  the  pleura  must  be  carefully  scraped  away.  The  wound 
is  then  stitched  up,  and  healing  by  first  intention  usually  occurs  with- 
out any  trouble. 

In  some  cases  the  abscess  in  connection  with  tuberculous  bone-dis- 
ease is  very  large  and  cannot  be  satisfactorily  dissected  out.  Under 
such  circumstances  one  must  lay  open  the  abscess -cavity  very  freely, 
and  dissect  away  as  much  as  possible  of  the  wall.  The  remainder 
should  be  thoroughly  scraped,  and,  if  possible,  the  deposit  in  the  bone 
sought  for  and  removed.  In  some  cases,  in  spinal  disease  for  example, 
one  cannot  carry  out  this  method  of  treatment,  and  all  that  can  be 
done  is  to  make  a  small  opening  into  the  abscess -cavity,  wash  out  the 
contents  of  the  abscess,  scrape  away  as  much  of  the  wall  as  possible, 
and  then,  the  abscess -cavity  having  been  thoroughly  cleaned  out,  in- 
ject some  sterilized  iodoform -and- glycerin  emulsion,  and  stitch  up  the 
wound.  The  result  is  usually  very  satisfactory  in  cases  where  we  have 
to  do  with  tuberculous  periostitis;  but  in  cases  where  there  is  a  tuber- 
culous deposit  in  the  vertebra,  the  abscess- cavity  is  apt  to  refill.  Even 
if  it  does,  repetition  of  the  operation  on  two  or  three  occasions  will 
very  often  lead  to  satisfactorj- closure  of  the  abscess,  and  if  followed  by 
suitable  fixation  of  the  spine,  to  ultimate  cure  of  the  disease. 

3.  Tuberculous  Disease  of  Bone  with  Septic  Sinuses. — We  have 
to  consider  the  ca.ses  of  tuberculous  disease  of  bone  where  abscesses 
have  farmed  and  burst,  and  where  the  patient  comes  under  observation 
with  septic  sinuses  leading  down  to  the  diseased  bone.  Here  again  the 
treatment  should  be  operative  in  the  ca.se  of  the  e.xtreniities  and  acces- 
sible parts,  because  these  cases  with  septic  sinuses  have  but  little  ten- 
dency to  heal.  In  such  a  case  one  must  excise  the  sinuses,  expose 
freely  the  part  of  the  bone  to  which  they  lead,  and  attempt  to  remove 
the  tuberculous  portion  of  bone.  It  is  of  great  importance,  if  possible, 
to  render  the  wound  aseptic,  because  the  subsequent  progress  of  the 
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case  depends  to  a  very  great  extent  on  that  precaution.  Hence  the 
skin  should  be  thoroughly  disinfected,  and,  before  commencing  the 
operation,  it  is  well  to  scrape  away  the  gran  ul  at  ion -tissue  at  the  orifice 
of  the  sinuses  and  to  introduce  into  it  and  leave  in  place  a  little  piece 
of  sponge  soaked  in  undiluted  carbolic  acid.  A  long  incision  is  then 
made,  sufficient  to  expose  the  part,  the  orifices  of  the  sinuses  being 
enclosed  in  elliptical  incisions.  Great  care  should  be  taken,  in  dissect- 
ing down  to  the  bone,  to  avoid  cutting  into  the  sinuses ;  when  the  bone 
is  reached,  these  sinuses  should  be  cut  away.  The  tuberculous  deposit 
is  then  dealt  with  in  the  manner  already  described,  and  the  cavity  left 
should  be  thoroughly  sponged  out  with  undiluted  carbolic  acid.  In 
these  cases  one  can  never  be  sure  that  one  has  got  rid  of  the  sepsis,  and 
therefore  it  is  well  not  to  stitch  up  the  wound  in  the  first  instance.  It 
is  best  to  introduce  strips  of  cyanid  gauze  sprinkled  with  iodoform  into 
the  cavit>'  in  the  bone.  These  require  renewal  ever>'  two  or  three  days, 
according  to  the  amount  of  discharge.  Very  soon,  if  the  tuberculous 
disease  is  completely  removed,  granulation  takes  place,  and  once  the 
whole  part  has  been  completely  covered  with  healthy  granulations,  the 
edges  of  the  skin  may  be  freshened,  detached,  and  brought  together, 
a  drainage-tube  being  left  in  at  one  end  to  allow  the  escape  of  any 
discharge. 

In  the  case  of  sinuses  leading  to  inaccessible  bones,  such  as  the 
spine,  comparatively  little  can  be  done.  Our  chief  reliance  must  be 
placed  on  good  hygienic  conditions,  on  fixation  of  the  part,  and,  if  there 
is  an  imperfect  opening,  enlargement  and  scraping  of  the  sinus.  There 
is,  however,  very  little  use  in  these  cases  in  subjecting  the  patient  to 
elaborate  operations  with  the  view  of  scraping  out  the  sinuses,  for  one 
can  seldom  get  rid  of  the  sepsis.  The  question  of  .amputation  which 
arises  in  some  of  these  cases  of  bone-disease,  especially  with  septic 
sinuses,  has  chiefly  to  be  considered  in  connection  with  diseases  of 
joints. 

SVPHDJS  OF  BONE. 

Syphilitic  diseases  of  bone  may  occur  either  in  the  secondary  or  the 
tertiary  period  of  acquired  syphilis ;  they  are  also  very  common  in 
inherited  syphihs.  In  the  secondary  stage  of  syphilis,  at  quite  an  early 
period  one  may  meet  with  pains  in  the  bones  without  any  enlargement 
or  apparent  lesion  of  the  bone.  These  pains  are  of  a  rheumatic  char- 
acter, sometimes  severe,  and  usually  occur  in  connection  with  the  early 
skin-eruptions.  They  probably  imply  a  merely  congestive  condition  of 
the  bone,  since  tliey  do  not  leave  any  permanent  lesion.  This  condi- 
tion generally  disappears  rapidly  when  the  patient  is  brought  under  the 
iniluence  of  mercury. 

At  a  later  period  of  syphilis,  however,  from  the  sixth  month  onward, 
one  meets  with  definite  lesions  of  the  bone,  more  especially  in  the  shape 
of  syphilitic  periostitis.  This  condition,  if  neglected,  leads  to  the  forma- 
tion of  bony  nodes.  The  bones  affected  are  chiefly  the  more  superficial 
ones,  such  as  the  skull,  especially  the  frontal  bones,  the  ribs,  the 
sternum,  the  tibia,  and  the  clavicle. 

The  symptoms  to  which  this  condition  gives  rise  arc  nocturnal  pains, 
especially  when  the  patient  gets  warm  in  bed.  and  swelling  of  the 
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part  with  considerable  tenderness,  the  swelling  being  limited  in  extent, 

but  shading  off  into  the  surrounding  bones  and  not  terminating  abruptly. 
The  periosteum  becomes  thickened ;  effusion  occurs  between  it  and  the 
bone,  leading  to  the  formation  of  a  gelatinous  material.  If  the  condi- 
tion is  not  treated,  ossification  takes  place  in  the  deeper  layers  of  the 
periosteum,  and  a  permanent  mass  of  bone  is  formed,  which  is  termed 
a  syphilitic  node.  If,  however,  the  ordinary  treatment  of  secondary 
syphilis  is  employed  at  once,  the  thickening  may  disappear  entirely. 
Hence  the  treatment  for  syphilis  (see  chapter  on  Syphilis)  should  be  at 
once  employed,  and  the  patient  should  be  quickly  brought  under  the 
influence  of  mercurj'.  As  regards  local  treatment,  it  is  well  to  keep  the 
part  at  rest,  and  if  there  is  much  i>ain  to  apply  evaporating  lotions  or 
fomentations.  Absorption  is  expedited  by  the  local  use  of  mercurial 
ointment. 

Gummatous  Disease  of  Bone. — In  the  tertiary  stage  of  syphilis 
we  meet  with  gummata  of  bone,  and  also  with  syphilitic  osteitis  accom- 
panied with  great  thickening  of  the  bone.  The  gummata  of  bone  may 
occur  subperiosteal ly  or  in  the  medulla,  most  usually  subperiosteal ly, 
and  may  form  either  circumscribed  masses  or  a  diffuse  infiltration  of 
the  bone  or  periosteum.  These  gummata  of  bone  occur  most  fre- 
quently on  superficial  bones,  such  as  the  skull,  especially  the  frontal 
bones,  where  they  begin  either  under  the  periosteum  or  in  the  diploe, 
the  clavicle,  the  tibia,  and  not  uncommonly  about  the  epiphyseal  ends 
of  bones.  The  gummatous  material  spreads  from  the  deeper  part  of 
the  periosteum  into  and  along  the  Haversian  canals,  and  leads  to  rare- 
fying osteitis  in  the  vicinity,  while  conden.sation  of  the  bone  takes  place 
beyond.  Hence  a  bone  which  has  been  the  .seat  of  syphilitic  gumma- 
tous disease  presents  an  eroded  and  worm-eaten  appearance,  while  the 
bone  beyond  is  very  dense.  This  condition  is  sometimes  spoken  of  as 
syphilitic  caries  of  bone,  and  great  destruction  of  bone  may  result.  In 
some  instances  portions  of  the  affected  bone  may  subsequently  die, 
and  a  syphilitic  sequestrum  is  formed.  The  characteristic  of  a  syphilitic 
sequestrum  is  that  it  is  much  denser  than  normal  bone,  and  that  the 
surface  is  worm-eaten,  due  to  the  gummatous  material  spreading  in 
along  the  Haversian  canals  and  enlarging  them,  The.se  sequestra,  also, 
like  tuberculous  sequestra,  often  take  a  long  time  to  become  loose.  In 
connection  with  syphilitic  sequestra  of  bone,  there  is  not  the  same 
stalactitic  formation  of  bone  around  or  new-formation  from  the  peri- 
osteum as  in  ordinary  necrosis,  though  sometimes,  where  the  seques- 
trum is  central,  it  may  be  more  or  le.ss  surrounded  by  bone. 

As  regards  the  symptoms  of  gummatous  disease  of  bone,  there 
may  be  a  good  deal  of  pain,  which  is  generally  more  intense  than  in 
the  case  of  the  syphilitic  node,  of  a  boring  character,  and  worse  at 
night;  there  is  a  soft  enlargement  over  the  bone,  adherent  to  it,  and  a 
previous  hi.story  of  syphilis.  The  gummata  do  not  remain  limited  to 
the  periosteum  of  the  bone,  but  gradually  spread  toward  the  skin  ;  and 
ultimately  ulceration  occurs  over  them,  and  then  we  have  a  typical 
syphilitic  ulcer  of  the  skin,  with  carious  bone  at  the  bottom. 

The  treatment  of  gummatous  disease  of  bone  is  that  of  tertiary 
syphilis,  and  consists  e.isentially  in  the  administration  of  large  doses  of 
potassium  iodid  and  mercury;  the  potassium  lodid  must  be  given  in 
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large  doses,  and,  as  a  rule,  one  should  increase  the  dose  quickly  to  30 
or  40  grains  three  times  a  day.  Tliis  is  one  of  the  forms  of  tertiary 
syphilis  in  which  surgical  intervention  for  the  purpose  of  removing  the 
diseased  bone  shortens  the  course  of  the  disease  very  much,  and  may, 
indeed,  be  the  only  means  of  obtaining  a  permanent  cure.  In  the 
case  of  syphilitic  sequestra  in  bone,  the  sequestra  remain  for  years  with- 
out any  tendency  to  separate,  in  spite  of  vigorous  antisyphilitic  treat- 
ment, and  unless  their  separation  is  expedited,  the  wound  may  never 
close.  The  surgical  intervention  consists  in  opening  up  the  part  and 
scraping  away  the  diseased  tissue,  or.  where  it  is  very  dense,  chiselling 
away  some  of  the  dense  bone.  If  a  sequestrum  is  present,  it  should, 
of  course,  be  removed.  At  the  same  lime  the  constitutional  treatment 
should  be  vigorously  pushed. 

In  hereditary  syphilis  the  changes  in  bone  arc  of  great  interest 
One  of  the  earliest  is  inflammadon  of  the  epiphyses  of  the  long  bones. 
more  especially  the  tibia,  the  humerus,  the  femur,  and  the  ulna.  This 
aflection  is  often  symmetrical,  and  most  usually  affects  the  diaphysis  in 
the  immediate  neighborhood  of  the  epiphyseal  line,  the  condition  often 
going  by  the  name  of  "osteochondritis."  It  generally  occurs  during 
quite  an  early  period  of  life,  and  at  the  neighborhood  of  the  epiphyseal 
line  the  bone  becomes  very  much  thickened,  and  a  tender  sweUing 
appears,  forming  a  collar  around  the  end  of  the  bone  at  the  epiphyseal 
hne.  This  collar  is  due  to  marked  enlargement  of  the  cartilage,  bone, 
and  periosteum  in  that  part.  In  some  cases,  where  the  disease  is 
neglected,  the  condition  may  go  on  to  separation  of  the  epiphy.sis  and 
destruction  of  the  epiphyseal  line. 

The  symptoms  to  which  this  condition  gives  rise  are  usually  pain 
in  the  part ;  in  fact,  what  the  mother  notices  in  the  first  instance  is  that 
the  child  docs  not  seem  to  use  the  arm  at  all.  and  that  it  cries  when 
the  limb  is  moved.  On  examination  one  finds  a  collar-like  enlarge- 
ment of  the  end  of  the  bone,  very  often  symmetrical,  and  other  signs 
of  syphilis. 

During  the  first  year  of  life  also  there  is  a  tendency  in  hereditary 
syphilis  to  the  production  of  bosses  of  spongy  bone  on  the  skull, 
especially  near  the  sutures,  the  condition  sometimes  resulting  in  the  for- 
mation of  four  bosses  around  the  anterior  fontanel,  one  in  connection 
with  each  of  the  bones,  or  in  enlargements  along  tlie  coronal  suture, 
giving  rise  to  what  is  known  as  the  "natiform"  skull.  At  a  later 
period  of  hcrcditar>'  syphilis  we  have  gummatous  changes  in  the  bone, 
just  like  those  which  occur  in  adults,  destruction  of  the  nasal  bones, 
of  the  palate,  and  of  other  bones. 

As  regards  the  treatment  of  hereditary  syphilis  of  bone,  in  the 
early  stage  mercurial  treatment  is  the  best,  as  described  in  the  chapter 
on  Syphili.s.  In  the  later  stages  potassium  todid  combined  with  mer- 
cury- is  the  proper  treatment. 

Phosphorus  Necrosis. — The  effect  of  phosphorus  on  the  bones  is 
often  ver>-  marked,  the  form  of  phosphorus  which  produces  the  disease 
being  yellow  phosphorus,  not  red,  and  it  is  praclicaliy  always  the  lower 
jaw  which  is  affected.  The  result  of  the  action  of  the  phosphorus  is 
that  the  gums  become  ulcerated,  and  the  inflammatory  condition  soon 
extends  to  the  periosteum  and  the  bone.     Periostids  sets  in,  beginning 
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at  the  alveolar  margin,  and  leading  to  the  formation  of  large  spongy 
outgrowths  from  the;  bone.  Following  this  the  gum  becomes  sore  and 
more  separated,  fetid  pus  is  constantly  poured  out,  and  a  large  portion 
of  the  jaw  becomes  diseased.  Subsequently,  the  piece  of  jaw  which 
has  become  affected  may  die.  and,  in  fact,  the  whole  or  the  greater 
part  of  the  lower  jaw  may  completely  necrose.  The  phosphorus 
sequestrum,  therefore,  is  not  a  piece  of  normal  bone,  but  consists  of  the 
original  bone  with  large  spongy  osteophyte  growths  on  the  surface. 
The  condition  nf  the  patient  is  a  very  serious  one,  and  he  may  die  of 
septicemia  or  pyemia. 

As  regards  the  treatment,  the  first  essential  is  to  remove  the  patient 
from  his  employment,  or  at  any  rate  to  put  him  to  work  with  red  phos- 
phorus instead  of  yellow  phosphorus.  He  should  al.so  be  instructed 
to  wash  his  hands  very  thoroughly  before  food,  because  it  is  probable 
that  a  good  deal  of  the  trouble  is  due  to  particles  of  pho.sphorus  taken 
in  with  the  food,  rather  than  to  the  vapor  of  phosphorus ;  and,  further, 
his  gums  and  teeth  should  be  carefully  watched,  and  at  the  first  sign 
of  ulceration  he  should  give  up  his  work  and  use  antiseptic  washes, 
such  as  sanitas  and  Condy's  fluid.  Where  the  disease  is  once  estab- 
lished, there  arc  two  alternatives  as  regards  treatment — either  to  wait 
for  the  separation  of  the  necrosed  fragment,  or  to  c.vcise  the  affected 
part  of  the  jaw  at  once,  leaving  as  far  as  possible  the  osteogenetic 
layer  of  the  periosteum.  The  latter  is  by  far  the  most  satisfactory 
treatment. 

RICKETS. 

Rickets  may  be  defined  as  a  disease  of  the  period  of  growth,  asso- 
ciated with  general  disturbance  of  nutrition,  and  characterized  by 
alterations  in  the  bony  tissues,  deformities  of  the  skeleton,  and  various 
internal  disorders.  Rickets  usually  occurs  during  early  Hfe;  but  in 
some  cases  children  are  born  with  rickets — ^so-called  fetal  rickets — and, 
on  the  other  hand,  the  rickety  deformities  may  not  occur  till  toward 
the  age  of  puberty. 

As  regards  the  etiology  of  rickets  many  theories  have  been  pro- 
pounded. The  two  which  .seem  to  be  most  in  favor  are  that  it  is  due 
either  to  injudicious  feeding  during  infancy  or  to  imperfect  oxygenation 
of  the  blood.  Probably  both  these  views  have  a  certain  element  of 
truth  in  them.  According  to  the  first  view,  the  disease  is  more  espe- 
cially due  to  too  early  weaning  of  the  child  or  to  too  much  farinaceous 
food  during  the  first  year  of  life.  The  other  view  is  that,  as  the  result 
of  confinement  in  close  rooms,  the  blood  is  imperfectly  oxygenated, 
and  that  carbonic  acid  accumulates  in  the  blood  and  causes  the  irri- 
tating effects. 

Symptoms. — As  regards  the  effects  of  the  disease,  certain  general 
disturbances  usually  precede  the  occurrence  of  the  deformities.  The 
patient  is  subject  to  diarrhea  and  constipation ;  the  abdomen  is  tumid 
and  .sometimes  tender;  there  is  an  e.xcess  of  phosphates  in  the  urine, 
profuse  sweating  about  the  head,  especially  at  night  while  the  child  is 
asleep,  delayed  closure  of  the  fontanels  (which  may  not  have  com- 
pletely closed  up  even  at  two  years  of  age),  delayed  dentition,  delay 
in  walking,  great  tendency  to  bronchitis,  the  occurrence  of  larj-ngismus 
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stridulus,  and  so  on.     From  a  surgical  point  of  view  we  have  to  do 

essentially  with  the  diseases  of  the  bones,  and  these  manifest  ihemsclvcs 
either  in  enlargements  about  the  epiphyseal  lines  or  in  curvature  of 
the  bones,  Enlargement  in  the  neighborhood  of  the  epiphyseal  lines 
always  occurs  to  a  greater  or  less  degree  in  rickets.  Curvature  of  the 
bones  depends  on  mechanical  causes,  and  may  not  be  marked. 

On  making  a  section  through  the  end  of  the  bone,  one  sees  that  in- 
stead of  the  two  sides  of  tlie  epiphyseal  cartilage  being  parallel  to  each 
other,  that  next  the  diaphysis  is  quite  irregular,  tiiere  are  islets  of  carti- 
lage extending  into  the  bone,  the  epiphyseal  hne  is  very  much  thickened, 
and  the  ossification  is  very  irregular.  The  result  is  that  at  the  epiphyseal 
lines  one  can  feel  a  distinct  enlargement,  and  this  is  especially  marked  in 
such  bones  as  the  radius,  the  lower  end  of  the  tibia,  the  ribs,  etc. ;  various 
bones  are  also  altered  in  shape.  For  example,  the  head  of  a  rickety  pa- 
tient is  generally  larger,  higher,  ant!  narrower  anteropo.steriorly  than 
normal;  or  it  may  be  flattened  laterallyand  elongated  an  tcro  posteriorly. 
The  frontal  and  parietal  bones  are  enlarged;  the  sutures  and  fontanels 
are  slow  in  closing;  the  skull  may  be  sofi  and  parchment-like — a  con- 
dition known  as  "'  craniotabcs."  Dentition  is  delayed  for  as  much  as  six 
months  or  a  year;  the  teeth  may  be  irregular  and  imperfect ;  the  hard 
palate  is  much  arched ;  the  alveolar  border  of  the  upper  jaw  is  thrown 
forward,  that  of  the  lower  jaw  inward,  and  consequently  the  teeth  do 
not  meet.  In  the  thorax  enlargements  are  found  along  the  line  of 
junction  of  the  costal  cartilage  and  the  ribs,  forming  the  so-called 
rickety  rosary;  and  tn  cases  where  there  has  been  any  obstruction  to 
expiration,  as  in  children  who  have  suffered  from  bronchitis  or  broncho- 
pneumonia, there  is  generally  the  deformity  known  as  pigeon -breast. 
The  sternum  stands  forward,  the  cartilages  run  forward  toward  the 
sternum,  and  at  the  point  of  juncture  of  the  ribs  and  cartilages  there 
is  a  deep  groove.  In  rickets  also  the  chest  may  be  constricted  trans- 
versely, the  lower  ribs  being  turned  outward — attributed  by  some  to 
increased  size  in  the  abdominal  contents,  such  as  flatulent  distention  of 
the  intestines,  enlargement  of  the  liver  and  spleen,  etc.  The  spine  is 
not  uncommonly  curved,  usually  a  general  anteroposterior  curvature, 
although  in  some  cases,  in  older  children,  the  curvature  may  be  lateral. 
The  pelvis  may  be  Rattened  anteroposleriorly.  or  the  acetabular  por- 
tions may  be  pushed  in  and  the  pelvis  assume  the  shape  of  an  ace  of 
hearts.  Very  often  it  does  not  develop  properly,  and  remains  small 
through  life.  The  bones  of  the  extremities  become  enlarged  at  the 
epiphyseal  hnes.  and  in  addition  there  is  also  a  certain  amount  of  bend- 
ing of  the  bone,  the  natural  curves  being  increased  if  the  patient  bears 
weight  on  the  soft  bones.  The  femur  becomes  curved  anteroposteri- 
orly,  and  the  tibia  most  commonly  flattened  laterally  and  curved  out- 
ward. Genu  valgum  is  also  not  uncommon  in  rickets,  and  is  frequently 
met  with  in  adolescent  rickets.  Further,  the  rickety  bones  are  very 
soft,  and  are  very  liable  to  undergo  green-stick  fracture. 

The  change!  ill  ihr  Iwncs  ci>n*i*l  caicnlinlly  in  ticenive  preparalion  foi  ihc  fottnation 
of  new  t>onr  and  impFrfpcl  (lr]Kifit  of  the  hnrd  lx>ny  tiruclurc.  HrncF,  in  nddilion  lo  Ihe 
chang»  in  ihe  cpiphywal  tine  itlicady  iiuticnl,  the  periuMcuni  is  very  much  ihivkcncd,  and 
the  iKift  tissue  in  Ihe  Haversian  caii^ih  and  liriing  (he  medullHrv  Tf^uces  is  nlso  ^icnllf 
incm«ed  in  nmniinl.  Thu4  ibc  amiuiiil  of  dense  b«ne  is  leu  ihnn  nunim!,  and  the  bone* 
«(e  soft  and  easily  beni  when  sulijctlwl  to  preisure.      If  «  rickety  bune  in  ihe  acute  >l>ge  of 


686 


INTERNATIONAL    TEXTBOOK  OP  SURGERY. 


ncbcts  is  msCfraEed.  it  presents  u  woim-ealen  appearance  on  the  surface,  ilue  to  the  enlarge- 
ment ot  the  Haversian  canals.  \N'heii  the  coniJiuon  of  rickets  passes  off,  bone  is  formed  in 
connection  with  this  soft  material,  and  the  consequence  is  thai  the  bones  become  much 
harder  and  denser,  and  arc  somelinies  very  ililHcull  lu  cuL 

As  regards  the  treatment  of  rickets,  attendon  should  be  paid  to 
the  feciiing  of  the  child  and  to  the  hygienic  conditions.  In  the  first 
place,  farinaceous  food  should  be  avoided  during  the  first  year  of  life, 
at  any  rate  during  the  first  nine  months.  The  patient's  diet  should 
consist  entirely  of  milk — if  possible,  mother's  milk  or  that  of  a  wet 
nurse.  When  the  child  is  about  nine  months  old,  oatmeal  and  various 
prepared  foods  may  be  mixed  with  the  milk,  but  it  should  be  done 
very  carefully,  and  the  essential  diet  should  still  consist  of  milk. 
When  about  a  year  old,  one  may  begin  with  meat-juice,  an  egg  once 
or  twice  a  week,  a  little  gravy  and  potatoes,  or  gravy  and  bread.  The 
child  cannot,  of  course,  take  solid  animal  food  until  toward  the  end  of 
the  second  year.  The  patient  should  also  be  placed  under  good 
hygienic  conditions,  should  be  warmly  clad  with  flannel  next  to  the 
skin,  and  care  taken  to  avoid  catching  cold;  it  should  be  out  in  the 
air  as  much  as  possible,  and  especially  in  the  sun,  and  if  it  can  be 
managed,  should  be  sent  to  the  sea-side  or  some  country  place.  As 
regards  drugs,  the  only  two  which  seem  to  be  of  any  special  avail  are 
cod-liver  oil  and  phosphorus.  Cod-liver  oil  should  always  be  given  in 
cases  of  rickets,  even  although  the  children  seem  to  be  well-nourished. 
Phosphorus  is  also  very  u.seful,  the  dose  being  -j-J-j  grain,  and  it  is  con- 
veniently given  mixed  with  the  cod-liver  oil. 

If  possible,  the  patient  should  be  sent  to  the  sea-side,  and  while 
there  sea-water  baths,  or,  if  they  cannot  be  obtained,  baths  contain- 
ing sea-salt,  are  very  valuable.  The  bath  should  be  slightly  tepid, 
and  after  the  bath  friction,  especially  to  the  limbs  and  abdomen,  should 
be  employed,  and  continued  for  twenty  minutes  till  the  patient  is  in 
a  thorough  glow.  Any  complications  which  arise  must,  of  course, 
be  treated  on  the  ordinary  medical  lines,  and  need  not  be  considered 
here. 

From  the  surgical  point  of  view  we  have  especially  to  consider  the 
deformities  which  are  verj'  apt  to  occur  in  cases  of  rickets.  Where 
we  have  to  do  with  progressing  rickets,  the  child  should  not  be  allowed 
to  stand  or  run  about,  otherwise  deformity  of  the  lower  limbs  and 
pelvis  will  almost  certainly  occur.  If  in  the  country,  it  should  be  kept 
lying  on  a  hard  mattress,  or  still  better,  allowed  to  he  and  play  in  a 
sunny  place  on  a  heap  of  sand.  If  the  deformity  of  the  limbs  is  only 
slight,  the  probability  is  that  the  child  will  outgrow  it  if  standing  and 
walking  are  prevented,  and  more  especially  if  friction  of  the  aflected 
limbs  is  attended  to  and  manipulations  of  the  deformity  carried  out  in 
such  a  way  as  gradually  to  unbend  the  curve. 

Where,  however,  the  curve  is  marked  before  the  patient  comes 
under  the  notice  of  the  surgeon,  we  have  to  consider  the  question 
either  of  the  application  of  splints  or  of  osteotomy  with  the  view  of 
remedying  the  deformity.  While  the  rickets  is  progressing  and  the 
bones  are  still  soft,  the  application  of  apparatus  is  the  proper  treat- 
ment. Operation  in  such  cases  would  lead  only  to  disappointment ; 
the  deformity  would  almost  certainly  recur  when  the  child  began  to 
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walk  about,  and  in  some  cases  the  bones  do  not  unite  after  the  opera- 
tion. Where,  on  the  other  hand,  the  rickets  has  passed  off",  and  we 
have  to  do  with  dense  bone,  splints  cannot  be  expected  to  exercise 
any  effect,  and  operation  must  be  considered. 

OSTEOMALACIA. 

This  is  a  disease  usually  occurring  in  adult  women  after  pregnancy, 
tlie  chief  manifestation  of  which  is  softening  of  the  bones.  In  osteo- 
malacia rarefaction  of  the  bones  takes  place,  with  loss  of  calcareous 
salts,  the  bones  in  the  first  instance  becoming  slightly  enlarged,  the 
medullary  cavity  increasing  in  size  and  containing  red  marrow,  and 
the  shell  of  the  bone  becoming  very  much  thinned  and  often  perfo- 
rated like  a  sieve.  These  bones  are  extremely  liable  to  undergo 
fracture,  and,  apart  from  fracture,  they  bend  in  a  most  extraordinary 
manner.  .Associated  with  this  increasing  change  in  the  bones  is 
usually  very  severe  pain  of  a  neuralgic  character,  and  the  patient 
suffers  in  health  and  strength.  The  disease  is  an  extremely  grave 
one,  and  usually  proves  fatal  in  about  two  years  from  its  commence- 
ment, death  occurring  from  marasmus,  cachexia,  asphyxia,  or  some 
acute  affection  of  the  respiratory  organs. 

As  regards  treatment,  in  the  first  instance  the  patient  should  be 
put  under  the  best  conditions  as  regards  hygiene,  and  lately  improve- 
ment has  been  recorded  from  the  use  of  tabloids  of  bone-marrow.  As 
to  drugs,  phosphorus,  phosphoric  acid,  and  more  especially  phosphate 
of  zinc,  5*5  or  ^  grain,  given  in  a  pil!  three  times  a  day,  are  advocated, 
but  they  do  not  exercise  any  particular  effect.  If  the  patient  is  preg- 
nant, it  is  often  well  to  produce  abortion.  Some  report  good  results 
from  oophorectomy. 


OSTEmS  DEFORMANS. 

This  is  a  rare  disease  which  occurs  after  the  age  of  forty-five  and 
affects  males  more  often  than  females.  It  begins  insidiously  or  with 
pain  and  aching  in  the  bone :  it  usually  commences  in  the  lower  extremi- 
ties, but  it  soon  spreads  over  the  chief  bones  of  the  skeleton.  The 
bones  become  enlarged,  heavy,  and  bent;  the  femur  and  tibia  become 
arched  forward,  and  walking  is  difficult  from  the  weight,  deformity,  and 
muscular  weakness.  The  spinal  column  becomes  bent,  rigid,  and  thick- 
ened. There  is  loss  of  height,  the  hands  hang  lower  than  usual,  the 
shoulders  are  rounded,  the  head  projects  forward,  the  chin  is  raised,  and 
the  chest  is  sunk  on  the  pelvis.  On  making  sections  of  the  bones  they 
are  found  to  be  much  thickened  and  cancellous.  The  change  consists 
in  absorption  of  the  dense  bone  and  rarefying  osteitis,  resulting  in  parts 
in  the  formation  of  lai^e  and  irregular  Haversian  canals,  while  in  other 
parts  formative  processes  arc  going  on.  The  cause  of  the  trouble  is 
not  known. 

As  regards  the  prognosis,  the  disease  usually  steadily  progresses 
in  spite  of  any  treatment,  and  it  may  go  on  for  years ;  ultimately  the 
patient  dies  from  exhaustion,  although  in  some  cases  death  may  occur 
from  the  development  of  malignant  tumors  in  connection  with  the 
hone. 
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The  treatment  is  practically  nil.  The  patient  is  generally  put  on 
a  milk  diet,  alkalies  given,  tabloids  of  bone-marrow  or  thyroid  extract 
may  be  administered,  and  he  is  placed  under  the  best  hyjjienic  condi- 
tions. Massage  is  employed  with  the  view  of  keeping  the  muscles  in 
vigor,  but  notliing  seems  to  have  any  real  power  m  arresting  the  disease. 

ACROMEGALY. 

This  disease  generally  commences  between  the  apes  of  fifteen  and 
thirty-five,  and  consists  in  enlargement  of  the  hands  and  forearms,  the 
feet,  the  jaw,  and  sometimes  of  other  bones.  It  is  accompanied  by 
mental  slowness  and  very  often  imbecility,  wasting  of  muscles,  exag- 
geration or  loss  of  reflexes,  and  increasing  weakness.  The  bones  are 
more  porous  than  usual.  The  cause  is  unknown ;  the  pituitary  body 
has  been  found  enlarged  in  several  cases.  Many  giants  are  acromegalic. 
The  patients  usually  die  comparatively  young,  of  phthisis  or  some 
infective  disease;  their  resisting  power  is  very  slight. 

The  treatment  is  absolutely  nil.  Tabloids  of  thyroid  extract  or 
of  pituitary  body  are  usually  prescribed. 

LEONTIASIS  OSSIUM.  ' 

This  is  a  disease  which  is  characterized  by  the  occurrence  of  marked 
outgrowths  on  the  upper  jaw,  and  .sometimes  on  the  skull.  These  out- 
growths consist  of  masses  of  spongy  bone  which  maj-  fill  up  the  antrum, 
the  nasal  cavity,  and  the  orbit,  or  press  upward  against  the  base  of  the 
skull,  causing  serious  effects  from  the  pressure — for  example,  in  the 
case  of  the  orbit  leading  to  atrophy  of  the  optic  nerve,  and  ultimately 
to  blindness.  Very  frequently  the  patient  dies  as  the  result  of  intra- 
cranial pressure.  Here  again  the  etiology  of  the  disease  is  unknown, 
and  there  is  practically  no  remedy.  In  some  ca.ses  the  bosses  in  the 
upper  jaw  may  be  chiselled  away  if  they  are  found  to  be  projecting 
into  the  orbit,  or  portions  may  be  removed  which  are  pressing  on  the 
base  of  the  skull ;  but  the  disease  recurs  almost  immediately. 

TUMORS  OF  BONE. 

Many  tumors  occur  in  bone,  either  developing  primarily  in  the  bone, 
or  as  secondary  tumors  in  connection  with  growths  in  di.stant  parts,  or 
again  from  involvement  of  the  bone  in  tumors  commencing  in  the  soft 
parts  in  the  neighborhood. 

The  primary  tumors  of  bone  are  chiefly  exostoses,  chondromata, 
and  various  forms  of  sarcomata.  The  secondary  tumors  are  sarcomata 
and  carcinomata.  Hyatid  cysts  are  also  said  to  occur  in  bones.  The 
treatment  of  tumors  of  bone  depends  on  the  nature  of  the  tumor  and 
the  bone  affected. 

Tile  exostoses  of  bones  occur  in  two  forms;  the  sessile  exo.stoses, 
which  are  chiefly  found  on  the  skull,  and  tlie  spongy  exostoses,  which 
occur  generally  about  the  neighborhood  of  the  epiphyseal  lines  of 
bones.  The  spongy  exostoses  may  be  multiple,  and  may  interfere  very 
much  with  the  movements  of  the  joint  or  the  muscles  in  the  neighbor- 
hood.    They   are   hard  and   knobby  on   the  surface,  and  are  firmly 
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attached  to  the  bone  in  the  neighborhood  of  the  joints.  They  are 
composed  of  cancellous  bone,  and  grow  sX.  the  surface  from  a  layer  of 
cartilage  which  covers  them.  This  cartilage  very  soon  completely 
ossifies  at  the  point  where  the  exostosis  is  attached  to  the  bone,  and 
thus  growth  ceases  at  that  point,  whereas  it  continues  in  all  directions 
on  the  surface,  giving  rise  to  the  overhanging  character  of  the  tumor, 
so  that  a  tumor  which  may  be  in  reality  very  large  may  have  only  a 
very  narrow  neck  of  junction  with  the  bone. 

The  treatment  of  these  exo.sto.ses  is  removal  wherever  they  are 
causing  any  trouble.  If  the  operation  is  done  antiseptically,  it  is  free 
from  danger.  The  operation  consists  in  making  an  incision  toward  one 
side  of  the  tumor,  so  as  to  get  at  the  neck,  exposing  the  point  of  attach- 
ment to  the  bone,  and,  after  clearing  it,  chiselling  it  across  close  to  the 
bone.  The  exostosis  can  then  usually  be  shelled  out  of  the  tissue  in 
which  it  is  lying  without  any  trouble.  If  it  has  involved  any  tendon  or 
nerve  in  the  overhanging  processes,  these  must  be  carefully  cleared. 
Asepsis  is  imperative. 

The  sessile  or  ivory  exostoses  are  composed  of  dense  bone  usually 
showing  only  lacuna  and  canahculi,  but  no  Haversian  canals.  They 
seldom  attain  any  great  size,  and  are  generally  found  on  the  skull. 
Beyond  producing  a  little  deformity,  they  do  not,  as  a  rule,  cause  any 
trouble  to  the  patient,  and  therefore  their  removal  is  seldom  called  for 
unless  as  a  matter  of  personal  appearance.  The  operation  is  not  alto- 
gether free  from  risk.  The  exostoses  themselves  arc  extremely  dense, 
and  considerable  force  is  required  to  chip  them  off]  so  that  in  exercising 
the  necessary  amount  of  force  in  the  case  of  the  skull  one  may  produce 
a  Assured  fracture.  Where  the  exostosis  is  small,  a  large  trephine  may 
be  placed  over  and  including  the  exostosis,  and  the  whole  thickness  of 
the  skull,  or  at  any  rate  the  outer  table,  removed ;  but,  as  a  rule,  unless 
under  special  circumstances,  where  they  are  causing  pressure  on  nerves, 
or  where  they  are  growing  into  the  orbit  or  pressing  on  the  brain,  they 
are  better  left  alone. 

Chondromata. — These  are  also  common  tumors  of  bones,  and 
they  most  frequently  occur  in  connection  with  the  phalanges  or  meta- 
carpal bones.  They  are  usually  multiple,  and  may  grow  either  from 
the  outside  of  the  bone  or  in  the  interior.  They  are  usually  benign. 
The  chondromata.  on  the  other  hand,  may  give  rise  to  very  remarkable 
deformity  from  the  presence  of  multiple  tumors  in  connection  with  the 
bones,  and  may  interfere  ver>'  seriously  with  the  usefulness  of  the  hand 
from  pressure  on  the  tendons,  interference  with  movements  of  joints, 
etc.  The  tumors  are  generally  smooth,  often  knobby  and  somewhat 
clastic. 

Treatment. — In  most  cases  it  is  advisable  to  remove  these  enchon- 
dromata  in  the  early  stage,  because  they  usually  go  on  growing  and 
attain  a  size  which  ultimately  interferes  with  the  movements  of  the 
part.  In  removing  them  it  is  usually  sufficient  to  cut  down  on  the 
tumor,  chisel  away  the  projecting  portion,  and  then  thoroughly  gouge 
away  any  deposits  of  cartilage  which  may  be  present  in  the  neighbor- 
hood. If  they  are  growing  in  the  interior  of  the  bone,  one  must  chisel 
through  the  shell  of  the  bone  and  scoop  out  the  soft  enchondroma- 
tous  material  from  the  interior.     It  is  seldom  necessaiy  to  amputate 
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a  finger  or  to  remove  a  metacarpal  bone  on  account  of  these  enchon- 
dromata.  In  some  cases  these  cnchondromata  do  not  appear  to  be 
quite  simple,  and  where  there  is  a  suspicion  of  any  malignant  character 
about  the  growth,  it  is  better  to  amputate  if  possible;  but,  as  a  rule, , 
these  semi-malignant  cnchondromata  are  not  those  which  occur  on  the 
hands  or  feet.  They  are  usually  those  which  occur  about  the  pelvis 
and  other  parts,  where  their  removal  is  not  possible,  and  the  probability 
is  that  they  are  a  combination  of  sarcoma  and  chondroma. 

Sarcomata  of  bone  may  be  of  various  kinds.  Perhaps  the  most 
common  is  the  o.steosarcoma  or  jjeriostcal  sarcoma,  which  begins  in  the 
periosteum  of  the  bones  and  spreads  along  the  periosteum  for  a  very 
considerable  distance.  These  tumors  usually  show  vcrj'  imperfect  ossi- 
fication, and  the  secondary  tumors  occurring  in  the  lungs  and  elsewhere 
generally  show  the  same.  This  is  a  verj'  mahgnant  form  of  sarcoma, 
and  the  chances  of  rescuing  the  patient  by  operation  are  very  small. 
Nevertheless,  one  should  give  the  patient  a  chance,  and  the  best  pros- 
pect is  in  ampvitation  wide  of  the  disease.  In  these  cases  of  perio.steal 
sarcoma  no  attempt  should  be  made  to  save  any  portion  of  the  affected 
bone;  the  operation  must  be  performed  through  or  above  the  neighbor- 
ing joint.  Unfortunately,  however,  metastatic  deposits  occur  very  early 
in  these  cases,  affecting  the  glands  and  the  lungs,  and  the  great  major- 
ity of  these  cases  of  osteosarcomata  recur  after  removal.  The  bone 
most  frequently  affected  is  the  femur.  The  disease  gives  rise  to  en- 
largement generally  at  the  lower  end  of  the  femur,  usually  more  or 
less  unilateral,  extending  upward  along  the  shaft  of  the  femur. 

Splndle-celled  sarcomata  also  occur  in  connection  with  the  perios- 
teum of  bones,  giving  rise  to  tumors  not  readily  distinguishable  from 
the  osteosarcomata  just  referred  to.  In  this  case  also  amputation 
through  the  bone  or  joint  above  is  the  best  practice. 

Round-celled  sarcoma  also  occurs  in  connection  with  bones,  and 
it  very  often  grows  in  the  interior,  perhaps  the  most  common  seat 
being  the  head  of  the  humerus.  Here  we  have  to  deal  with  a  very 
malignant  tumor.  In  these  cases  of  round-celled  sarcomata  there  Is 
marked  enlargement  of  the  bone,  and  the  tumor  is  soft  in  consistence 
where  it  has  burst  through  the  shell  of  the  bone.  One  point  of  impor- 
tance is  that  it  very  seldom  destroys  the  articular  cartilage  and  spreads 
into  the  joint.  Where  it  spreads  on  to  a  neighboring  bone,  it  is  by 
bursting  through  the  siiell  of  tlie  bone  beyond  the  articular  cartilage 
and  spreading  in  the  ligaments  nf  the  joint.  This  should  be  very  care- 
fully borne  in  mind,  and,  as  a  matter  of  fact,  in  amputation  of  the  upper 
arm  for  round-celled  sarcoma  of  the  humerus,  for  example,  the  liga- 
ments of  the  joint  and  the  articular  surface  of  the  scapula  should  also 
be  removed. 

Myeloid  sarcoma  grows  especially  about  the  lower  end  of  the  femur, 
the  lower  end  of  the  tibia,  and  the  lower  jaw.  This  is  the  least  malig- 
nant of  all  the  forms  of  sarcomata;  in  fact,  it  is  a  question  whether  it 
should  be  included  in  that  group  at  all.  Growing  in  the  .situations  men- 
tioned, it  usually  commences  in  the  interior  of  the  bone,  and  leads  to 
expansion  of  the  end  of  the  bone,  which  after  a  time  becomes  more  or 
less  one-sided.  Ultimately  it  |X'rforates  the  bone  and  extends  in  the 
soft  tissues.     It  forms  there  a  fairly  well-limited  soft  swelling  on  the 
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side  of  the  bone,  often  cystic  in  character.  On  section,  a  myeloid  sar- 
coma is  of  a  chocolate  color,  and  usually  contains  numerous  cysts  in 
the  interior,  as  the  result  of  mucous  degeneration  commencing  in  con- 
nection with  the  large  myeloid  cells. 

As  regards  treatment,  on  account  of  the  lesser  degree  of  malignity, 
it  is  not  necessary  to  treat  the  cases  so  thoroughly  as  in  the  other  forms 
of  sarcoma ;  in  fact,  in  a  considerable  number  of  cases  the  myeloid 
tumor  may  be  simply  scraped  away.  If  this  is  done,  it  must  be  done 
very  thoroughly,  and  one  must  be  quite  sure  that  all  the  growth  has 
been  removed,  otherwise,  of  course,  it  will  recur.  Apparently,  how- 
ever, it  does  not  spread  and  infiltrate  the  tissues  to  any  great  extent,  so 
that  very  little  tissue  need  be  removed  beyond  the  actual  tumor  itself. 
Sometimes,  where  a  myeloid  sarcoma  has  been  in  existence  for  some 
time,  this  is  not  feasible,  because  no  solid  bone  is  left  behind,  and  in 
these  cases  it  is  necessary  to  amputate.  Amputation  even  then  need 
only  be  done  through  the  bone  a  short  distance  above  the  tumor. 

Malignant  tumors  also  occur  in  bones  secondarily  to  epithelio- 
mata,  carcinomata,  or  sarcomata  elsewhere,  and  they  lead  to  the  forma- 
tion of  tumors  presenting  all  the  malignant  characters,  and  in  the  case 
of  carcinomata  usually  accompanied  with  verj'  intense  neuralgic  pain. 

As  regards  treatment,  no  attempt  need  be  made  to  remove  them, 
as  they  indicate  extensive  infection  of  the  system,  the  treatment  con- 
sisting in  steadying  the  part  in  cases  where  the  tumor  has  so  eroded 
the  bone  that  it  has  given  way,  and  in  taking  measures  to  relieve  the 
pain  as  far  as  possible. 


CHAPTER    XX. 


DISEASES  OF  THE  JOINTS 


SYNOVITIS. 

Stoovitis  is  an  inflammatory  condition  of  the  serous  lining  of  a 
joint. 

Pathology. — The  clinical  term  "inflammation"  expresses  most 
definitely  to  the  average  professional  mind  the  phenomena  resulting 
from  the  contusion  of  a  joint  or  incited  by  the  entrance  of  a  foreign 
body,  The  process  may  be  simply  a  histologically  regenerative  one 
without  the  presence  of  bacilli,  or  it  may  advance  to  a  destructive  con- 
dition where  the  micro-organisms  are  specific  in  character. 

Inflammation  embraces  the  pathological  conditions  which  are  the 
effect  of  these  organisms  upon  histological  elements  contained  in  the 
blood  or  in  the  tissue-cells.  An  excellent  definition  of  this  process  is 
"the  phagocytic  method  by  which  an  organism  attempts  to  render 
inert  noxious  elements  introduced  from  without  or  arising  from  within." 
The  stages  of  hyperemia,  congestion,  stasis,  exudation,  emigration  of 
wandering  cells  or  of  red  cells  (diapedesis),  arc  essential  elements  in  this 
phagocytic  process.  It  is  not  the  migrated  cells  that  chiefly  produce 
new  tissue,  but  the  increased  functional  activity  of  the  fixed  tissue-cells 
due  to  the  presence  of  this  exuded  clement. 

Resistive  power  being  vigorous,  the  circulation  may  be  restored, 
resorption  occur,  and  speedy  cure  follow.  It  is  argued  by  some  authors 
that  this  process  should  not  be  clas.sed  as  an  inflammation,  since  micro- 
organisms are  not  concerned.  Should  the  resistive  power,  however,  be 
less  positive,  or  the  traumatism  more  severe,  micro-organisms  gain 
access,  and  the  infection,  added  to  congestion  and  exudation,  will  result 
in  emigration  of  leukocytes  and  other  cells,  phagocytic  conflict,  and  the 
resultant  debris  of  destructive  action — pus. 

Contusions,  sprains,  or  any  form  of  traumatism,  direct  or  indirect, 
may  be  productive  of  a  hyperemia  followed  by  the  ordinary  phenomena 
of  an  inflammatory  process,  with  loss  of  function  and  increa.sed  exudate 
of  normal  joint-fluid,  or,  in  further  continuance  of  the  process,  by 
fibrinous  exudate.  Should  the  articulation  become  infected  by  pyo- 
genic cocci,  either  from  without  or  from  within,  suppuration  will  follow, 
with  destruction  of  the  cartilage;  or  the  process  may  advance  to  bone- 
disease,  a  condition  which  will  be  described  under  Arthritis. 

Flexion  is  favored  by  distention  and  by  muscular  contraction  in  the 
attempt  to  place  the  joint  at  rest  In  the  slow  or  chronic  variety  the 
distention  may  increase  very  gradually  and  be  unaccompanied  by  any 
of  the  ordinary  symptoms  enumerated.     In  certain  joints,  as  in  tlie 
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knee,  where  the  area  of  synovial  membrane  is  large,  the  amount  of 
[fluid  present  is  sometimes  great.     The  ramifications  of  the  membrane 
beneath  and  above  the  patella  and  the  bursa  beneath  the  quadriceps  are 
seriously  involved  in  the  process. 

The  effect  of  rapid  exudation  of  serum  following  a  severe  injury  of 
the  knee  is  well  illustrated  in  the  accompanying  cut,  in  which  the 
sudden  increase  of  fluid  in  the  bursa  above  and  below  the  patella  gives 


Fig.  339. — Synovia]  eSusion  simulalitig  (laciured  patella. 

the  appearance  of  a  fracture  of  the  bone  with  separation  of  fragments 

(F'g-  339)- 

Rheumatism,  acute  fevers,  infectious  processes  of  micro-organisms, 

etc..  are  also  among  the  causes  of  synovitis,  and  will  be  further  consid- 
ered under  special  headings. 

Diagnosis. — The  diagnosis  will  depend  upon  the  history  of  trau- 
matism, and  the  differentiation  of  acute  symptoms  from  these  of  rheu- 
matic, septic,  or  other  origin. 

Treatment. — The  essential  element  of  treatment  is  rest  of  the 
affected  joint.  This  is  accomplished  by  the  removal  of  weight-bearing, 
by  fixation  of  the  articulation  with  some  form  of  splint,  the  application 
of  ice-bags  or  of  the  ice-coil,  and  local  evaporating  lotions  of  witch 
hazel,  tincture  of  opium,  or  astringents.  The  employment  of  hot 
douching  for  an  hour  following  the  reception  of  a  sprain  will  frequently 
greatly  lessen  not  only  the  pain  but  the  resultant  effects.  This  process 
may  be  repeated  with  advantage  once  or  twice  during  the  first  twenty- 
four  hours  following  an  injury.  Absolute  rest,  by  arresting  hyperemia 
and  subsequent  inflammation,  guards  against  resultant  ankylosis.  The 
more  complete  the  enforcement  of  rest,  the  more  certain  will  be  the 
abortive  effects;  consequently  confinement  to  bed  or  the  employment 
of  crutches  and  splints  is  of  the  greatest  importance. 

Splints  of  wood,  feit.  tin.  silicate,  or  plaster  of  I'aris  are  especially 
helpful  by  resisting  muscular  action  and  preventing  even  the  slightest 


694 


mTERNATIONAL    TEXTBOOK  OF  SURGERY. 


movement  of  tlie  joint.  The  splint  cannot  be  applied  too  early,  as  an 
abortion  of  the  process  will  often  save  weeks  or  months  of  disability  or 
disease,  and  effusion  often  takes  place  within  a  few  hours  after  the 
injury. 

Serous  effusion  may  be  treated  by  local  counterirritants,  blisters. 
pressure  with  compressed  sponge,  or  by  aseptic  aspiration.  Aspiration, 
if  cleanly  performed,  should  be  employed  early  in  order  to  promote 
speedy  recovery  of  circulation  in  the  compressed  serous  membrane. 
Adhesive-plaster  strapping  will  greatly  assist  in  absorption  of  fluid  and 
in  giving  uniform  support  to  a  joint,  and  is  preferable  to  an  ordinary 
bandage.  When  applied  to  the  entire  convexity  of  a  joint  it  greatly 
limits  motion. 

Suppurative  synovitis  should  be  tested  with  an  aspirator,  and  if 
streptococci  are  present,  incision  with  irrigation,  and  drainage  if  neces- 
sary, should  be  practised. 

Septic  synovitis  occurring  in  the  course  of  an  acute  .septic  condition 
has  its  origin  from  to.\ic  elements  in  the  blood,  and  suppuration  is  the 
rule;  consequently  early  inci.sion  with  cleansing  is  essential.  Caution, 
however,  should  be  exercised  in  irrigating  a  joint.  Simple  sterile  water 
is  best,  but  weak  solutions  of  bichlorid  ( i  :  io,ooO),  chlorid  of  zinc 
(l  :  5000},  or  formaldehyd  (1  :  looo)  may  be  employed. 


ARTHRITIS. 

Arthritis,  or  acute  articular  osteitis,  is  an  inflammatory  condition  of 
the  joint-structures,  involving  both  synovial  membrane  and  the  sur- 
rounding hard  and  soft  tissues. 

Etiology. — The  forms  of  artJiritis  are  classified  chiefly  according 
to  their  causes,  as  traumatic,  rheumatic,  gonorrheal,  tubercular,  febrile, 
etc.,  which  will  be  considered  under  their  special  headings. 

Symptoms. — Arthritis  may  commence  as  a  .synovitis,  extension 
occurring  from  the  synovial  membrane  to  the  cartilage,  thence  to  the 
bone- structures ;  or  the  process  may  advance  from  the  bone  toward 
the  articulation,  as  in  tubercular  osteomyelitis.  The  process  is  ordi- 
narily less  acute  than  in  synovitis  ;  the  pain  is  intense,  while  the  exuda- 
tion of  the  tissues  about  the  joint  will  vary  with  the  causative  disease. 
Flexion  is  the  rule,  and  night-cries  are  common,  from  the  impingement 
of  the  inflamed  surfaces. 

In  simple  traumatic  arthritis  without  a  septic  cause,  the  symptoms 
will  at  first  be  similar  to  those  described  under  Synovitis;  but  the 
steady  extension  to  the  surrounding  structures  soon  gives  evidence  of 
a  wider  area  of  involvement,  even  to  bony  structure.  I'ain  is  usually 
severe  ;  redness,  heat,  and  swelling  arc  more  marked,  and  infection  from 
staphylococci  and  streptococci  is  rapid.  In  the  chronic  fomis  of  tuber- 
cular and  rheumatoid  arthritis  the  symptoms  are  slow  and  insidious, 
and  their  recognition  is  more  difficult. 

Acute  suppurative  arthritis  often  arises  from  punctured  septic 
wounds  ending  in  complete  ankylosis.  The  skiagraph  exhibits  a  non- 
suppurative punctured  wound  in  childhood  resulting  in  ankylosis  so 
absolute  that  the  cancellated  tissue  of  the  femur  and  that  of  the  tibia 
appear  in  adult  life  to  be  absolutely  continuous  (Fig.  340). 
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Pathology. — In  simple  ntlhtitis  ihc  [mHCSS  is  piininrilj'  "nc  of  hyprrcmiii.  us  described 
UTifl^T  Syri4.^vili».  the  cimdiltoii  t>cing  accoiiLpanJo<l  i^arlv  \i\  list  exuiEiilion  of  ccU-clemenis 
imo  llic  iunouiiding  livsuc.  Sliaiild  ihis  eiudalc  drgpncraie.  eiiher  from  infeclion  by 
pvogeiiie  cotci  or  fiuro  i-xli-riinl  causes.  sup|>iiTntiun  will  follow.  Willi  ihi-  loss  of  boaesub- 
alance.  In  septic,  gononhcal,  and  similar  infcclitins  ^uppurslion  may  lake  place  in  a  few 
hour.s. 

Diagnosis. — The  diagnosis  of  the  existence  of  arthritis  is  not  dif- 
ficult, but  the  discovcrj-  of  the  cause  will   include  a   review  of  the 


Pig,  340. — Total  obliicrmlioa  of  the  knet-joint,  with  fuimn  ot  femur  and  tibia, 

entire  history  and  progress  of  the  disease  with  all  its  attendant  symp- 
toms. The  stcahhy  advance  of  a  tubercular  prticess  in  a  Joint  where 
resistive  power  has  been  temporarily  reduced  by  an  injury  is  so 
frequent  that  its  occurrence  shoukl  always  be  suspected.  Iniluration, 
doughy  in  character,  especially  when  .situated  over  the  neighboring 
bonc-arcas  rather  than  directly  about  the  articulation,  should  at  once 
arouse  suspicion  of  tuberculosis. 

Rheumatic  and  gouty  arthriti.s  are  usually  accompanied  by  fever 
and  other  constitutional  symptoms,  and  several  joints  are  liable  to  be 
infected.  In  rheumatoid  or  dry  arthritis  the  onset  is  slow,  creaking 
is  often  distinct,  and  nodosities  are  common. 
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Bursa;  about  the  knee,  when  chronically  tnflamud,  will  give  to  the 
surgeon  the  sensation  of  a  localized  soft  fluctuating  tumor,  and  will  be 
accompanied  with  lameness  and  tenderness.  Flexion  is  usually  absent, 
or  not  so  marked  as  in  joint-inflammation. 

The  prognosis  will  neccs-sarily  dL'i>cnd  upon  the  severity  of  the" 
process  and  the  character  of  the  infection. 

Treatment. — The  treatment  will  include  the  removal  of  the 
exciting  cause,  and  the  control  of  the  condition  as  indicated  under  the 
special  forms  of  arthritis.  Rest  should  primarily  be  thoroughly  enforced 
in  bed,  or  later  upon  crutches  in  the  open  air,  provided  the  lower  limb 
be  the  one  affected.  Wcight-and-pulley  extension  is  often  of  service. 
Splints  of  wood  or  plaster  are  of  absolute  importance.  Locally,  iodin, 
blisters,  absorbent  liniments,  mercur)',  belladonna,  etc.  are  helpful. 
Internally,  potassium  iodid,  arsenic,  iron,  cod-liver  oil,  etc.  are  indi- 
cated Surgically,  in  all  the  suppurative  forms,  early  incision,  washing, 
and  drainage  are  essential.  Erasion  and  excision  may  become  neces- 
sary, and  amputation  must  be  practised  in  sjwcial   cases. 

Acute  Gouty  Arthritis. — Acute  gouty  arthritis  is  a  form  of  joint- 
inflanuiiation  due  to  perverted  nutrition  and  the  accumulation  of  uric 
acid  salts  in  the  blood,  producing  deposits  of  sodium  urate,  etc., 
especially  in  the  smaller  articulations. 

Etiology. — Gout  is  a  disease  in  which  the  income  of  nutrition  is 
greater  than  the  outgo  of  waste.  Limited  excretion  and  the  accumu- 
lation of  uric  acid,  producing  derangement  of  nutrition,  are  recognized 
factors.  Both  defective  oxidation  and  defective  elimination  are  present. 
Acdve  cell-proliferation  probably  causes  the  primary  disturbance,  while 
the  deposits  arc  secondary. 

Heredity  plays  a  most  important  part  in  the  production  of  this  dis- 
ease. The  special  originating  causes  are  excesses,  especially  in  the  use 
of  alcoholic  liquors  and  the  heavier  wines  and  in  food-supply,  although 
it  is  erroneous  to  assume  that  this  disease  is  necessarily  one  of  luxury, 
A  deficient  amount  of  food  and  lack  of  air  and  sunshine  are  also  fre- 
quent causes. 

The  smaller  articulations  suffer  more  than  the  larger  ones,  and 
various  manifestations  of  ix>ison  are  found  in  the  throat,  head,  eyes, 
and  all  portions  of  the  body. 

The  acute  variety  is  sudden  in  its  onset  and  accompanied  by  the 
mo.st  excruciating  pain,  with  other  inflammatorj'  symptoms  in  the 
smaller  joints.  Its  exacerbations  are  most  severe  at  night.  I  have 
seen  violent  attacks  occurring  in  one  night,  following  an  excessive  use 
of  champagne,  with  inflammatory  symptoms  sufficiently  severe  to  end 
in  suppuration  of  a  knee. 

Treatment. — The  cure  of  gouty  arthritis  consists  in  the  elimination 
of  the  cause  and  the  combating  of  the  articular  inflammation.  The 
most  hopeful  aids  arc  alkaline  waters,  diuretics,  diaphoretics,  and 
cathartics,  with  abundant  fluids.  Local  anodyne  applications  relieve 
pain.  Superheated  hot  air  (see  p.  697)  is  useful,  as  it  assists  in  tlie 
absorption  of  the  uric-acid  deposit.  Care  must  be  taken,  however, 
when  this  treatment  is  employed,  that  the  products  thus  scattered  shall 
not  be  retained  in  the  system,  but  that  they  shall  be  flushed  out  cither 
through  the  kidneys,  or  intestines,  or  skin.     Operative  interference  will 
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be  called  for  in  cases  of  joint-suppuration.     In  such  cases  the  treatment 

will  be  washing  and  drainage  as  in  ordinarj'  suppurative  arthritis. 

Acate  Rheumatic  Arthritis. — Rheumatic  arthritis  is  an  inflam- 
matory condition  of  a  joint  produced  by  a  special  poison,  probably 
chemical,  but  possibly  a  saprophytic  organism  acting  upon  the  fibrous 
tissues. 

Etiology  and  Symptoms. — Various  organisms  are  claimed  to  be 
quite  persistently  present,  a  delicate  diplocoecus  differing  from  tliat  of 
pneumonia,  the  various  streptoeoeci,  the  staphylococci,  etc.,  but  their 
causative  effect  is  not  yet  definitely  fixed. 

Achalinc'  from  reaeanrhei  on  both  dead  and  Living  bodies,  claims  to  have  di^overcd  an 
abundance  of  rnd-shaped  aerobic  bncilli  in  a  stnte  of  jiittc  cultuie  in  the  normal  Duids, 
myocatdiuin,  and  diseased  valves  of  Ihe  heart.  Biologically  Ihe  bacillus  is  pfculiat  in  that 
lis  eullure  givef  riae  to  the  production  of  lacLic  and  other  acids.  Inoculation  give^  chamc^ 
leristic  lesions,  and  guinea-pig  inoculBtion-senim  gives  rise  to  lesions  of  emlocanlium  and 
pleura.  Tiiboulet  and  Cavon  '  al.w  claim  to  have  isolaled  Ihe  diplocoecus.  A  joint  synovial 
membrane,  being  excessively  vascular,  may  rodily  receive  either  microbes  or  toiini  direcllf 
from  the  vessels. 

Uthemia,  a  cooditjon  of  defective  eliminative  metabolism,  has  very  properly  been  Inng 
considere<l  one  of  the  chief  causes  of  rheu^uIi^m,  and  it  is  probable  that  Ihe  cause  is 
chemical  rather  than  bacterial.  Certainly  an  excess  of  uric  acid  eiisls  in  the  blood  of  most 
rheumatics. 

DiagTiosis. — The  chief  surgical  interest  in  this  disease  will  lie  in  the 
effort  to  differentiate  the  acute  condition  of  joint -inllamnution  from  septic 
hygienic  and  other  processes  in  thejoint,  from  epiphysitis,  acute  arthritis, 
osteomyelitis,  and  tubercular  disease.  Hundreds  of  tubercular  joints 
are  lost  through  the  mistaken  diagnosis  of  rheumatism.  In  children  it 
would  be  far  better  to  adopt  the  rule  that  rheumati.sm  of  a  single  joint 
without  positive  symptoms  never  occurs.  The  slow  onset  of  tubercular 
disea.se  and  the  early  rigidity  of  muscles  are  sufficiently  distinctive  to 
establish  a  diagnosis. 

In  acute  infectious  processes  in  the  bone  the  rapid  progress  of  the 
symptoms  and  the  speedy  advancement  to  suppuration  are  diagnostic. 
The  habit  of  attributing  all  joint-pains  to  rheumatism  is  one  of  the 
most  fateful  of  errors. 

Treatment. — Medicinally,  the  treatment  consists  in  the  employment 
of  salicylates,  .salol.  oil  of  wintergreen,  melhylic  salicylate,  etc.  Sper- 
min  has  also  been  advocated  for  its  metabolic  action. 

Surgically,  local  anodynes  will  relieve  pain.  The  application  of  the 
jV-rays  to  acute  rheumatic  joints  has  been  stated  to  be  helpful  in  the 
arrest  of  the  process. 

During  the  acute  stage  absolute  rest  in  bed  and  the  application  of 
splints  to  limit  motion  and  thus  prevent  inflammatory  deposits  are 
essential.  Fibrinous  exudates  are  best  absorbed  by  the  use  of  super- 
heated drj'  air,  which  assists  in  the  softening  of  the  exudate  and  then 
in  its  being  carried  on  by  the  increased  local  circulation.  The  appa- 
ratus for  the  application  of  superheated  air  consi.sts  of  a  brass  cylinder 
(Fig-  34')  30  inches  long  by  16  inches  in  diameter,  thickly  lined  with 
aslK-stos  and  magnesia,  and  heated  below  by  gas,  alcohol,  or  oil.  One 
end  of  such  cylinder  consists  of  a  canvas  sleeve  with  a  drawing  string 
to  grasp  the  inserted  teg  or  arm.     A  special  sleeve  with  four  flaps  per- 

'  Annal.  Jt  f  Imtiiui  Faslfur.  Nov.,  1S97  ;  Gaillard's  Mid.  Jour.,  March,  1898. 
"  aWV™/  SiaH.ia;l.  April,  1S98. 
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mits  adaptation  to  shoulder,  hip.  back,  or  loins,  thus  rendering  helpful 
service  in  lumbago,  sprained  shoulder,  etc.  The  part  to  be  treated  is 
protected  by  a  number  of  layers  of  cheese-cloth,  gauze,  or  lint,  loosely 
held  in  place.  If  tightly  bandaged,  blistering  is  apt  to  occur.  The 
limb  should  bu  inserted  at  about  150^  F.,  and  although  the  boiling 
point  of  water  is  212°  F.,  yet  the  majority  of  patients  will  bear  250°  F. 
after  the  first  treatment  without  burning.  The  highest  point  that  \ 
have  reached  without  injury  has  been  383°  F,     The  perspiration  of  the 


Fig.  341. — Cylinder  for  Ihc  npplicniiun  of  iuperheated  dry  air. 


part  treated  is  absorbed  by  tile  gauze  and  dissipated  in  the  intense  dry 
heat  of  the  cylinder,  or  carried  off  through  sliding  trap-doors,  thus 
avoiding  blistering.  The  treatment  may  be  continued  from  thirty  to 
sixty  minutes,  after  which  the  part  should  be  bathed  with  alcohol,  or 
massaged  with  cocoanut  oil  to  a.ssist  in  absorption.  Gentle  passive 
motion  is  helpful. 

In  many  cases,  while  the  local  temperature  is  elevated,  the  general 
temperature  is  not  raised  more  than  a  fraction  of  a  degree.  The  heart's 
action  is  increased  from  5  to  10  beats,  and  profuse  perspiration  is  the 
rule,  requiring  the  removal  of  surplus  clothing.  Softening  of  the 
deposits  following  acute  rheumatic  arthritis  is  marked,  and  their  absorp- 
tion greatly  promoted.  In  chronic  rheumatism  a  varying  degree  of 
permanent  good  is  secured  and  pain  is  relieved.  In  rheumatoid 
arthritis  the  benefit,  of  course,  is  not  so  great,  but  comfort  is  obtained. 
In  the  absorption  of  inflammatory  deposits,  and  in  the  "  rheumatic 
pains"  that  so  commonly  follow  sprains,  fractures,  etc.,  the  greatest 
benefit  is  secured.  In  lumbago,  sciatica,  and  shoulder-sprains  decided 
comfort  is  realized. 

In  tubercular  joints  the  process  theoretically  is  so  dangerous  that  the 
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writer  has  hesitated  to  make  the  clinical  experiment,  lest  the  tubercular 
infecting  bacilli  be  swept  on  in  the  circulation  to  involve  fresh  areas, 
or  lest  undue  activity  be  developed  in  the  local  diseased  area. 

When  partial  ankylosis  exists,  much  assistance  will  be  rendered  by 
massage  and  passive  movements  following  the  softening  process  secured 
by  the  use  of  hot  air;  or  hot  douches  may  be  practised.  Varying 
forms  of  gymnastics  are  also  helpful. 

O'Conor'  argues  that  rheumatism  is  an  acute  septic  arthritis  anal- 
ogous to  the  gonorrheal  or  pyemic  variety,  and  that  the  joint-structures 
are  incubators  for  the  subsequent  distribution  of  the  poison  through 
the  blood  vessels  to  the  heart  and  to  the  other  articulations.  Reason- 
ing from  his  experience  of  10  cases,  he  advocates  the  immediate  open- 
ing of  the  joint  and  irrigation  with  1  :  5000  bichlorid  and  drainage. 

Rheumatoid  Artiiritis. — 5ynonyms. — Arthritis  deformans ; 
Osteitis  deformans;  Osteo-arlliritis ;  Drj'  arthritis;  Arthritis  sicca; 
Rheumatic  gout;  Nodosities  of  the  joints. 

PaUlOlOgy. — Aucmpls  have  liteii  msk«  lo  discover  (he  specific  organism  producing  [his 
disease.  Uannalvne  and  Wohlniann  claim  lo  hav«  suc^csi^fullv  lienionsl rated  thi?  presence 
ef  a  tninule  dumb-bell  bacillus  wliich  can  be  tlamcd  by  gentian  violel  and  by  ani)in-melhy- 
lent  blue.  Whelher  Ihis  condilion  is  due  to  microbes  or  lo  inhercnl  elemenls  in  Ihe  blood, 
hrreditkry  or  acquired,  ihe  resull  is  onp  of  slow,  steadily  progressive  proliftmlion  of  cells, 
lending  10  desUuction  of  joint -cartilage  with  deposition  of  biine-nudo.sities  within  and  amund 
ihr  DTliculations.  These  depositions  under  Altrilion  nmy  harden  and  become  eburnated,  and 
progressive  fixnlion  of  Ihe  joint  may  occur. 

Recent  in vestijja lions'  in  a  tomb  of  the  Fifth  Dvnttsty  revenled  a  skeletQii  al  le»sl  SSOO 
years  old  showing  polyarticular  degeneislive  changes  of  cartilages  and  bones,  with  nodosi- 
ties, ebumalion,  and  grooves  characteristic  of  rheumaloid  arthritis. 

Etiology  and  Syiriptoms. — While  rheumatism  and  gout  are  fre- 
quently found  in  the  ancestry  of  these  sufferers,  yet  its  existence  prob- 
ably exerts  no  greater  influence  than  antecedent  debilitating  and 
exhaustive  conditions,  such  as  lack  of  sunshine,  gonorrheal  rheu- 
matism, alcoholism,  etc. 

The  monarticular  form  of  this  disease  is  usually  found  in  elderly 
people,  and.  as  seen  by  the  surgeon,  exists  chiefly  as  one  form  of  .senile 
arthritis  of  hip  and  knee.  •  The  polyarticular  variety  is  found  in  adults ; 
occasionally  in  children.  The  onset  is  slow,  with  exacerbations  of 
pain,  limping,  progressive  interference  with  joint-motion,  creaking  and 
grating  within  the  joint,  and  ultimately  ankylosis.  Sometimes  it  involves 
almost  ever}'  joint  of  the  body,  including  the  spine. 

A  distinction  should  be  made  between  o.stco-arthritis  and  rheuma- 
toid arthritis,  the  latter  being  distinguished  by  swelling  of  the  joint 
during  the  acute  and  subacute  stages,  followed  by  atrophy  in  the 
region  of  the  joint,  and  by  atrophy  of  the  muscles  with  hy|x;rexten- 
sion.  In  osteo-arthrltis  there  is  great  proliferation  of  cartilage  with 
deposit  of  osteophytes  (Heberden's  nodes);  distortion  is  greater,  and 
the  joint  remains  permanently  larger.  In  the  fingers  the  deformity  is 
usually  hypcrextension  with  lateral  di.stortion  and  atrophy  of  the 
mu.scles  (Figs.  342,  343)-  In  the  larger  joints  flexion  is  the  rule. 
Tlie  character  of  the  deposit  about  the  shoulder  and  hip  is  well  illus- 
tiated  by  the  accompanying  illustrations  (Figs.  344-346). 

'  Gi«aou  Mtd.  Jour.,  Oct.,  1897  ;  Pkiln.  Mtd.  Jour.,  Feb.,  189S  ;  Annali  e/Surgfry, 
Feb.,  iSqS.  .^prrl,  1899. 

»  Bni.   .Vfd.  Jour.,  Dec.  4,  1897:   tWri-.  Mtd.  Mag..  FA..  1898. 
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Diagnosis.— Diagnosis  from  tubercular  disease  will  depend  upon 
the  history  of  the  case  and  the  density  of  the  nodosities,  in  contradis- > 
tinction  to  doughy  thidcening.  In  tuberculosis,  also,  muscular  rigidity 
will  occur  early  and  be  more  marked.  The  onset  in  both  cases  is 
slow.  In  tuberculosis  the  condition  tends  to  suppuration;  in  osteo- 
arthritis, to  .stalactitic  deposits  around  the  joints.  Depositions  in  the 
muscles  will  lead  to  a  diagnosis  in  myositis  ossificans. 

Prognosis,— The  disease  is  most  insidious  and  persistent,  often 
running  a  course  of  from  ten  to  twenty  years. 

Treatment. — Granting  that  the  disease  is  of  bacterial  origin,  the 
best  medical  eliminativcs  would  be  guaiacol  carbonate,  creosolal.  and 
benzosol.  the  first-named  drug  being  less  objectionable  to  the  stomach 
in  doses  varying  from  5  to  t5  grains,  and  increased  as  advisable.     This 


VVS.  349.  343. — Eflecl  of  chronic  rheumalold  arthdlis  on  the  hands  (Adams). 


drug  is  supposed  to  combine  with  the  bacterial  to.xins,  and  by  elimi- 
nation of  the  guaiacol  sulphate  to  have  a  beneficial  action.  Other 
helpful  medication  consists  in  the  use  of  arsenic,  Lugol's  solution  of 
iodin,  cod-liver  oil,  potassium  iodid.  and  digestives.  Locally,  massage 
with  guaiacol  and  olive  oil  gives  comfort,  and  hot  baths  are  recom- 
mended, especially  if  thermal  springs  are  .ivailable.  The  application 
of  superheated  dry  air  as  described  on  page  697  is  helpful  in  relieving 
pain  and  in  absorbing  deposit,  the  temperature  being  carried  to  from 
250°  F.  to  400°  F.  according  to  the  comfort  of  the  patient. 

Surgical  treatment  should  vary  according  to  the  type  of  the  disease 
— that  is,  in  osteo-arthritis  motion  .should  be  slight  and  guarded;  in 
rheumatoid  arthritis  rest  should  be  enforced  during  the  acute  stage. 


ARTHRITIS.  701 

but  more  vigorous  exertion  is  advisable  after  the  inflammatory  process 
has  subsided.  Active  and  passive  motions,  even  under  anesthesia,  are 
helpful,  and  the  use  of  the  articulation  is  to  be  encouraged.  Some- 
times, but  rarely,  electricity  and  electric  radiant  baths  are  of  ser\'ice. 

Surgically,  benefit  is  derived  in  some  cases  from  tenotomy  of  the 
contracted  tendons,  especially  the  hamstrings.  This  prevents  atro- 
phy and  improves  locomotion.  If  a  single  joint  is  deformed,  chiselling 
of  the  nodosities  might  prove  of  temporary  service  in  permitting 
locomotion. 


Fig.  344. — Shoulder-joiDi  in  ■  cue  of  chronic  rtieumaloid  arthnl»  (.\dams|. 

The  .^-rays  are  helpful  in  diagnosing  this  disease  from  other  joint- 
conditions. 

Gonorrlieal  Arthritis. — Synonyms. — Gonorrheal  rhoumati.-im ; 
Gonorrheal  arthritis;  Trip[jer  riieumatisnius;  Gonoccle ;  Urethral  rheu- 
matism; Urethral  synovitis;  Artliropathie  blennorrhagique ;  Rheuma- 
tismus  gonorrhoisch ;   Kheumatismus  blennorrhoicus. 

Etioloicy. — Tiiis  disease  is  the  result  of  septic  infection  due  to  the 
implantation  of  gonococci,  or  their  ptomains,  or  of  secondarj'  infections 
in  the  fertile  soil  of  the  articulations.  The  amount  of  urethral  inflam- 
mation bears  no  relation  to  the  attack.  The  presence  of  gonococci  is 
usually  demonstrable  in  the  infected  joint  both  by  preparations  and  by 
cultures.     When    non-discoverable,  the   examination   may  have  been 


702 


WTBRNATIONAL    TEXT-BOOK  OF  SURGERY. 


made  too  latt,  or  the  free  exudate,  and  not  the  tissues,  may  have  been 
selected.  Even  after  the  disappearance  of  the  gonococci  the  resultant 
pathological  changes  may  continue. 

Symptoms. — The  onset  is  usually  sudden,  in  the  third  or  fourth 
week  of  an  attack  of  gonorrhea,  and  is  sometimes,  but  not  always, 
accompanied  by  a  disappearance  of  the  local  discharge.  It  may  attack^ 
any  joint  in  the  body,  but  preferably  the  knee,  ankle,  and  wrisL  The 
progress  of  the  disease  is  essentially  thai  of  a  septic  arthritis.  Often 
there  is  rapid  destruction  of  the  joint-structures,  with  suppuration,  or 


f^"'-  345-— Ace Inl mill m  of  .in  adull  wild 
hnij  long  suPfered  ftoiii  chronic  riipumatuid 
arthrllis  (Adams). 


VVi.  346. — PiisIcrioT  view  of  hoBd,  neck, 
and  su|ienor  cxircmily  in  a  case  of  chronic 
rheumaloid  artlirilis  of  Ihe  hip  {Adams). 


there  may  be  ankylosis  without  suppuration,  especially  at  the  wrist  and 
carpus.  Swelling  is  marked ;  pain  and  constitutional  symptoms  arc 
severe  at  night.  Gonorrheal  liursitis  may  occur  beneath  the  insertion 
of  the  tendo  AchllHs  (achillodynia)  or  above  the  patella. 

Diagnosis. — ^The  recent  existence  of  urethral  disease  wilt,  unless 
concealed,  lead  the  surgeon  in  the  proper  direction. 

Treatment — Treatment  should  be  promptly  instituted,  especially 
if  there  has  been  a  subsidence  of  the  urethral  di.scharge,  and  if  acute 
symptoms  are  present.  Absolute  rest  of  the  joint  or  joints  is  essen- 
tial, and  hot  irrigations  of  the  urethra  with  sterile  water  or  a  weak 
solution  of  potassium  permanganate  may  be  practised.  There  should 
be  absolute  fixation  of  the  joint  with  gypsum  or  other  splint  until 
acute  inflammatory  symptoms  have  passed,  after  which  the  joint  should 
be  gently  moved  to  prevent  the  ever-present  tendency  to  ailkylo.sis. 
As  soon  as  evidences  of  suppuration  appear,  incision  and  thorough 
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cleansing  with  bichlorid  (i  :  5000)  or  formaldehyd  (i :  2000)  and  com- 
plete drainage  of  tlie  joint  are  requisite.  Subsequent  ankylosis  should 
be  treated  by  forcible  straightening,  tenotomies,  etc. 

Tubercolar  Osteitic  Artliritis. — Synonyms. — Joint-tuberculo- 
sis; White  swelling;  Gciatinou.s  or  Pulpy  or  Fungous  degeneration; 
Strumous  arthritis. 

Pathology. — Tuberculosis  in  the  region  of  the  joints,  whether  of 
the  trunk-  or  e.Ktremities,  is  essentially  a  bone-tuberculosis  (osteitis), 
although  it  occasionally  originates  in  the  synovial  membrane  (arthritis). 
It  is  a  disease  of  infection,  caused  by  the  presence  of  the  tubercle 
bacillus,  and  accompanied  by  the  formation  of  circumscribed  nodules, 
called  tubercles,  in  the  tissues  adjacent  to  and  within  the  diseased  joints, 

A  lubercular  nodule  in  bane  consitMs  of  a  co11«:lion  or  nnind  Hod  variously  ronned  celU, 
ihe  atofX  coniUanl  of  which  is  the  e|>ilhetioiil.  These  cells  (plalycytei)  resemble  endolhe- 
hum,  and  iire  of  finely  Branulalcd  proiojilasm  wilh  sninll  oioid  nuclei.  In  nddilion  lo  Ihese 
epithelioid  bodies,  peripheTally  polvnuclealed  giant-cellb  (macrophagocyles)  are  very  con- 
slantly  found,  grouped  in  niasscs  and  fewer  in  number.  Tuhtrcle  hacilli,  nid<.ha|>e>t,  may 
be  found  within  or  adherent  to  any  of  these  cells.  Tlie  epithelioid  celli^  are  jjrohably 
derived  fmm  the  blood  vessels  or  by  proliferation  of  the  previously  existing  cells,  as  a  result 
of  liie  activity  induced  by  the  prestnue  of  the  bacilli. 

The  active  central  cells  are  probably  derived  from  Iculiocytes ;  the  ginnl-cells  may  be 

fnacd  epithelial  cells,  or  their  origin  may  be  from  degenerated  cells  by  proliferallon  without 

lepnraLion  of  protoplasm,  even  although  the  nuclei  divide.      Small   round  cells  similar  lo 

\  those  found  in  young  granulnlion-tiMoe  also  occupy  a  considerable  space  in  the  tuberculous 

nodule,  and  blood- plaques  are  sometimes  seen, 

\\*hen  a  tuberculous  nodule  retrogrades,  polynuclear  leukocytes  make  their  appearance  ; 
fatty  degeneration  lakes  place,  and  caseation  with  litjuefaction  follows.  If  favorable  libroid 
■  encapsulation  takes  place  from  an  erected  wall  of  defence,  calcihcation  will  occur,  and  the 
:  debris  of  bacilli  and  their  ptumaiiis  may  remain  quiescent  for  a  long  perioti  of  lime,  or  Ihe 
entire  mass  may  work  its  way  toward  the  surface  and  be  discbargeil  in  the  form  of  a  cold 
abscess.  The  irritation  caused  by  the  tubercle  bacilli  often  excite?  inRammntory  processes, 
and  if  staphylococcus  infection  is  added,  suppuration  ensues,  and  the  tubetculixc  nodule  may 
linallv  be  eliminated  bv  tbi^  melh<xl ;  but  suppuration  is  not  an  essential  pan  of  a  tubercular 
pitKFss.  The  changes  in  ii  lubctcular  nodule  closely  resemble  those  seen  in  ordinary  Inllam- 
tnation. 

I'he  action  of  bacilli  is  essentially  desliuclive,  bnl  their  presence  immediately  arouses  a 

L  piQccdure  which  has  been  already  described  as  "  the  mcllioil  by  which  organisms  attempt  lo 

l-render  inert  noxious  elements  introduced  from  without  or  arising  from  within."       Following 

liyperemia,  congestion,  stasis,  and  emigration  of  red  and  white  cells,  phagocytosis  becomes 

active,  and  a  priK'tss  beneficial  to  Ihe  tissues  is  aroused,  since  rapid  tissue -changes  are  inimical 

to  the  growth  and  development  of  bacilli. 

I^.^cilla^y  infection  may  occur  from  without,  leaving  no  trace  of 
local  infection  at  the  atrium,  or  from  within  through  the  blood-vessels. 
Lodgement  of  these  micro-organisms  having  occurred  in  or  near  a 
joint  in  a  healtliy  individual,  the  invaders  are  overpowered  by  the 
defenders,  and  no  injury  results.  Under  the  influence  of  slight  injury, 
however,  or  from  inherent  cell -weakness,  this  defensive  power  having 
been  temporarily  or  permanently  lost,  a  foothold  is  gained  and  the 
point  of  attack  fortified.  A  tubercular  nodule  is  the  result.  Garrisoned 
fOU  this  vantage  ground,  the  bacilli  or  their  spores  lurk  prepared  to 
renew  the  as.sault  at  any  near  or  remote  moment  when  the  defenders 
are  off  duty  or  are  engaged  in  repelling  other  invaders,  or  when  their 
resi.stivc  powers  are  lessened  by  traumatism,  by  fever,  or  by  other 
cause. 

The  impirinnt  part  ihni  bereility  plays  in  this  pruteu  is  simply  Ihat  the  cells  are  less 
rtsislire  and  Icvs  capable  of  wilhsUnding  assault ;  such  im|uired  vilaliiation  having  been 
{mfMrtol  Ihniugh  spennatoioid  or  ovum  in  the  nme  manner  u  are  other  characlcrislici. 
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The  lerm  hercdily  implies  n  condilion  of  ti^silc,  nol  a  disea.sc.  Thu.s  it  is  cvidcnl  l5i«l  ihe 
infeclion  uf  lutH^rcukisJa  is  inHueni:Fd  by  flnc^^^IiBl  le^acii^!^^  by  personn^  habits  of  ILfef  and 
by  temporary  and  permanenl  local  condilion.s.  When  the  dj^Linclivi;  symptoms  of  joint - 
lubeTcuIusis  are  present,  the  n  on -exigence  of  tubercle  In  the  family  history  is  of  Utile 
moment,  save  for  prognosis,  since  any  individual  may  develop  local  tuberciilnsis. 

The  abolition  of  the  old  terms  "white  swelling."  .scrofulou^  joint,  etc.,  which  ^rved 
(heir  purpose  foi  clinical  description,  h.-is  been  due  to  realiialjun  of  tile  unity  of  the  tubercu- 
lous process.  The  use  of  the  lerm  scrofulous  still  series  clinically,  however,  ti>  denote  a 
non-resistant  condition  of  the  tissues,  s'ubjectiog  (he  individual  to  a  degenerative  process 
which  tends,  not  to  oq;aniutlion,  but  to  disintegration  of  the  s(iuc(ures-  Traumatism, 
heredity,  scrofulosis,  environment,  and  local  conditions  are  all  concerned  in  the  jiroduclion 
of  local  bone- tuberculosis.  Traumatism  certainly  plays  a  most  important  p«rt  in  this  patho- 
kiji^ioal  process  by  setting  up  an  intlammatory  condition  which  destroys  the  power  of  resist- 
ance of  the  tissue-cells  against  the  enemy — the  tubercle  bacillus.  In  severe  injuries  cell- 
resistance  is  more  lhurDUi>hly  aroused  than  in  slight  joint- contusions,  and  infection  by  the 
bacillus  is  thereby  more  readily  repelled. 

Tuberculosis  of  the  synovial  memlinine,  if  primary,  may  cause  a  ditTused  thickenitig  of 
the  membrane  or  the  direct  formation  of  tubercular  nodules.  Pulpy  degeneration  follows, 
and  as  the  supply  of  blood  diminishes,  the  cartilage  loses  its  vitality,  macerates,  and  becomes 
inlihraleil  with  tubercular  granulations.  Gelatinous  inhllration  occurs,  from  perforation  of 
the  synovial  membrane  and  infection  of  the  surrounding  tissues  by  the  esca[>e  of  tubercle 
cells. 

Tubercular  deposits  in  (he  extremities  of  bones  u-sually  occur  primarily  in  or  near  an  epi- 
physeal lirte.  When  the  tubercular  process  advances  to  the  articular  surface,  the  cartilage 
may  be  loosened  almost  en  mane,  or  it  may  be  eroded,  while  the  underlying  layer  of  bone- 
tissue  becomes  carious. 

The  deposit  of  tubercle  nol  infrequently  causes  a  rarefying  osteitis  in  (he  immediate 
neighborhood  of  a  joint,  although  the  presence  of  bacilli  may  not  be  demonstrable.     The 

Haversian  canals  are  enlarged  coinci- 
dently  viith  absurplion  of  the  Irabeculie 
and  the  dcvelopmfnl  of  granulation-tis- 
sue- Claries  of  Ihe  bone  of  the  fungous 
variety  may  follow,  with  an  excessive 
production  of  granulation-tissue.  A 
considerable  portion  of  the  bone  and 
joint  may  be  destroyed — caries  necititicii ; 
or  a  wedge-shaped  portion  of  the  bone 
may  become  necrosed  from  a  tubercular 
infarct.  Even  when  an  infatti  does  nol 
exisl.  the  deposit  of  tubercular  material 
so  retards  circulation  that  articular  bone- 
death  may  result  from  loss  of  nutrition. 
In  some  cases  'A  sequestrum  results,  but 
more  frci|uenlly  the  lione  becomes  slowly 
carious,  or  an  abscess  forms.  The  pre- 
cise form  of  residtant  death  will  depend 
upon  the  rapidity  or  violence  of  the 
process,  or  u|Mjn  the  existence  of  mi crobic 
osteomyelitis;  but  the  latter  condition  is 
more  common  in  the  shaft  of  the  bone  than  at  the  extremities. 

Although  the  initiatory  process  is  usually  in  the  bone,  yet  the  violence  of  the  onset  may 
sometimes  appear  primarily  in  the  juinl.struc(ures.  as  noted  in  the  accompanying  microscojri- 
cal  sections  taken  from  the  insertion  of  the  round  ligament  into  Ihe  ncetnbulum  (Figs.  347, 
348).  In  this  ca-sc,  which  was  under  my  care,  and  in  which  the  [lalieni  die<!  of  acute  tuber- 
cular meningitis,  the  epiphysis  containecl  no  casefltii;g  nodules,  but  characteristic  foci  were 
found  in  the  round  ligament.  The  changes  demonstrated  were  those  chiefly  of  increased 
cell -activity,  and  not  of  distinct  tuberculosis. 

Symptoms  and  Etiology. — Tubercular  joint-disease  may  occur  at 
any  age,  even  a.s  early  as  two  months.  Lack  of  food  and  sunshine,  bad 
air,  and  intemperance  of  parents  are  the  most  common  factors-  In  chil- 
dren a  large  proportion  of  diseases  of  the  joints  are  tubercular  in 
character,  while  in  adults  the  non-tubercular  conditions  preponderate. 

In  cases  of  decided  injury  the  hyperemia,  swelling,  and  pain  in  the 
region  of  the  joint  may  be  acute ;  but  these  are  rather  true  of  synovitic 


FlO.  347. — Attachment  of  the  ligamenlum  teres  to 
the  bead  of  the  femur ;  X  50. 
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cases  than  of  tubercular  osteitic  arthritis.  Often  thepaJn  is  not  located 
at  the  joint,  but  is  manifested  at  some  distant  point  Reflex  pains  may- 
be present  in  the  knee,  hip,  abdomen,  arm,  or  chest.  The  contour  is 
altered,  and  the  carriage  of  the  body  in  standing,  stooping,  walking, 
etc.  is  changed. 

In  non-acute  cases  the  jieriod  between  the  reception  of  the  injury 
and  the  development  of  symptoms  may  be  delayed  for  many  months. 
First,  a  slight  uneasiness  or  restlessness  of  the  limb  may  manifest  itself 
at  night — a  discomfort  rather  than  a  pain.     In  hip-infection  this  distress 


n;f. 
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Fid,  348. — Attachment  of  the  synoi-ial  membrane  to  llic  pf  riphcry  of  the  arlicnlar  caililage  of 
the  head  of  Iht"  ftmur;   >.■  jo. 


may  be  referred  first  to  the  region  of  the  adductors,  then  down  near  the 
inner  condyle.  At  first  the  child  limps  only  at  times,  afterward  more 
persistently. 

If  the  spine  is  the  seat  of  infection,  movement  of  the  vertebra  will 
be  avoided  by  carrying  the  body  rigidly  and  by  cautious  stooping,  while 
colicky  pains  will  disturb  the  patient  al  night.  Tlie  first  stage  is  a  vari- 
able one,  with  retardation  or  witli  rapid  advancement  under  slight 
injuries.  Such  a  patient  stripped  and  exainineil  wil!  show,  first  of  all, 
rigidity  of  the  part  involved — muscular  protection.  This  rigidity  is  per- 
sistent from  the  earliest  onset,  and  is  the  most  characteristic  symptom. 
Ti.'nderncss,  swelling,  and  dcformitj-  are  variable:  the  diagnosis  should 
be  made  before  these  appear,  if  treatment  is  to  be  of  decided  avail. 

Richard-son  hd^  ndvocnleil  the  svateinalic  au.scullnlion  of  joinl^  with  -single  or  double 
slclhowopc.  In  hfiiUhy  nrticulo lions  no  iound  will  lie  rlieUcd.  hul  in  disease  unc  may 
obtoiti  iim]iiy  dry  friction*,  dry  ^fing.  nioiii  crepitant,  ond  coarse  crrpunw   si'Utid*, 

In  the  second  stage,  that  of  joint-effusion,  marked  limping  comes  on 
as  the  patient  endeavors  to  shorten  the  time  of  inifjact  of  the  sore  joint- 
surfaces.  Soon  ■'  starting  pains  "  or  "  night-cries,"  caused  by  the  alter- 
nate rcIa^iation  and  contraction  of  the  guarding  muscles  as  they  bring 
into  contact  the  two  inflamed  joint-surfaces,  will  seriously  disturb  the 
sleep  of  the  patient.  Deformity,  usually  in  the  direction  of  flexion, 
becomes  more  marked  as  the  muscles  increase  their  efforts  at  protec- 
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tion,  and  reflex  pains  in  chest,  abdomen,  or  limbs  are.indicated,  often  at 
a  considerable  distance  from  the  part  invohed.  In  caries  of  the  spine 
local  tenderness  is  the  exception ;  at  the  other  joints  it  is  usually,  but 
not  in\ariabl\\  present  Alteration  of  contour  speedily  follows,  the 
swelling  beiny  julpiible  in  the  rcjpon  of  the  joint,  and  doughy  indura- 
tion rapidly  increases.  Atrophj-  of  the  muscles  also  alters  the  normal 
outlines  of  the  various  rvgions  invohed.  The  whole  aspect  is  so  char- 
acteristic that  a  dta<;nosis  of  "  rheumatism  "  can  be  explained  only  b)' 
igni^f'Uiec  or  by  carvlessness  in  examination. 

The  Liter  or  third  staije  is  one  of  rupture  of  the  joint-capsule,  »4th 
infectioTi  and  destruction  of  tissues,  usualU-  suppurative.  Sfxne,  anlde. 
and  knee  viistorxii'ns  will  not  greatly  alter  their  position  at  this  stage; 
but  at  the  hip.  abduction  is  changed  to  adduction,  and  lengthening  to 
shortetiini;,  \»\\\  apparvnt  and  real,  as  bone-destruction  progresses. 
Great  thickening  in  the  region  of  the  joint  is  present,  with  subsequent 
sottening  and  formation  erf  abscesses  or  ankylosis. 

DiaciMMis. — Simple  sj-novitis  and  acute  rheumatic  arthritis  are 
sudden  in  their  i>nstt,  with  speedy  rise  in  p;;Ise  and  Cemperatun: :  the 
latter  di^^e-ise  nuy  attack  several  joints.  The  history-  in  both  cases  aill 
be  quite  i.!iKer<.':;t  from  the  sequence  of  sj-mpioms  *een  in  tubercular 
arthritic  osteins — slow  onset,  rigiditv-  of  the  surroundinjg  muscles, 
flexion  of  the  >^r.;.  and  atr\.»phy. 

In  ch;li.i:vn.  «  hen  j  sinj;^'  joint  is  Afrectec.  the  in:;rKr-:e  ihot:Ic  be 
ala-ays  in  rUv^T  «'f  :-ubercuI.ir  disease.  Mono->irt:c:;lir  rhc-.:n:Lir£s=*.  in  chil- 
dren wiihout  other  posidve  s>inptos:s  should  S;  abs.:?;;t!;;y  ciscanied 
firv>m  the  surgevr.s  niir.d.  H-indrecs  '>i  children  ire  j-^ir-ly  pemrirre-i  by 
the  diX'f::!  n".\th  of  "" rheuirj^sm "  :o  pA?s  S;*..T.d  'Jz-t  ^•.'r-.t  ■ather-; 
aS>r:y.f  :7s.i:n:en:  ^  ross:b'.e  ;  lo^^s  of  ■.".r:-"ur.s.~  :r..  l:-*s  -"ji  "-~~'~>  i::-i 
even  of  h-V.  jn:  the  res;:!:  ■^■i  such  err^.-rs. 

The  orstt  of  ir^.tiie  •.■viralyss  -j^  so:nti~-iS  r^jz^h.-^.  is  rhc  child 
nwy  CT"."  ■.v.~tn  .',ir.Ci''j.      i  ."»  j^'iir  v.nin  ^.'e  T^^'iri  :.>  -v ■^'  n.i-:iid 
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are  lacking.  A  tubercular-joint  patient  should  actually  live  in  the 
open  air,  and  by  the  employment  of  the  bed-frame  this  can  be  accom- 
plished even  where  strict  confinement  to  bed  is  required.  The  sea  air, 
especially  where  it  is  dry,  as  on  the  New  Jersey  coast,  has  a  most 
beneficial  effect  upon  children  with  joint-trouble,  although  it  frequently 
has  the  contrary  intluence  upon  phthisis  pulmonalis.  An  out-door  life 
in  the  country  is  beneficial,  and  even  in  a  crowded  city  its  results, 
though  not  so  obvious,  are  still  markedly  helpful. 

The  beneficial  effect  of  absolute  fixation  of  tubercular  joints  is 
thoroughly  proved.  It  is  the  superadded  inflammatory  condition,  and 
not  tubtTCular  disease,  that  is  likely  to  produce  ankylosis.  Rest  is  the 
only  measure  that  can  abort  a  threatened  infection.  Traction  assists 
in  securing  rest  by  resisting  muscular  contraction,  modifying  joint- 
pre.ssure.  and  relieving  pain  and  deformity. 

Counterirritation,  so  much  relied  upon,  is  practically  useless,  save 
as  combined  with  rest.  The  benefit  obtained  by  the  use  of  the  actual 
cautery  in  former  days  was  doubtless  largely  due  to  the  fact  that  it  put 
the  patient  in  bed  for  many  weeks  and  prevented  the  use  of  the 
inflamed  joint. 

During  the  acute  painful  stage,  extension  by  weight  and  pulley  can 
be  maintained  in  the  horizontal  position  while  the  patient  enjoys  all 
the  advantages  of  out-door  life  by  the  use  of  a  simple  tray  or  bed- 
frame  or  stretcher,  consisting  of  a  framework  of  gas-ptpe  or  wood 
covered  with  canvas  in  one,  two,  or  three  sections.  This  can  be  laid 
upon  a  btd  at  night,  while  during  the  day  the  patient  can  be  carried 
upon  it  in  the  horizontal  position  and  enjoy  the  advantages  of  fresh  air. 
Such  frame  can  be  carried  in  anns  without  the  patient  being  disturbed 
from  the  dorsal  decubitus;  or  it  can  be  placed  upon  the  platform  of  a 
long  baby -coach,  or  rested  upon  chairs  .or  trestles  upon  a  porch  or 
under  shade  trees,  and  at  night  placed  upon  a  bed. 

Requisite  extension  can  be  temporarily  secured  by  elastic  traction 
to  an  upright  at  the  foot  of  the  frame,  or  at  the  head  in  spinal  disease, 
A  good  rule  in  hip-disease  is  to  keep  the  patient  in  the  horizontal  posi- 
tion for  three  months  after  the  cessation  of  all  pain.  Extension  may 
also  be  made  by  one  of  the  forms  of  traction -apparatus. 

Fixation  will  be  secured  by  the  employment  of  splints  of  wood,  felt, 
paper,  tin,  leather,  plaster  of  Paris,  or  silicate.  The  joint  should  be 
kept  at  absolute  rest.  The  diagnosis  having  been  firmly  established  in 
the  beginning,  no  motion  should  be  permitted  for  months.  When  the 
acute  stage  has  passed,  the  patient  may  be  fitted  with  a  proper  fixation 
or  traction  splint,  and  treated  on  the  ambulatory  plan  with  crutches, 
high  shoe,  etc.,  as  required.  Gypsum  bandages  form  the  most  com- 
mon drcs.sings. 

Trephimng  of  Bohc. — Incision  into  or  trephining  of  bone  is  often 
of  service,  if  the  precise  focus  can  be  reached.  It  is  of  sjjccial  advan- 
tage where  the  di.sease  has  commcncetl  in  the  condyle  of  the  femur,  or 
in  the  great  trochanter,  or  in  the  humeral  or  tibial  epiphyses. 

Iffnifunctun-. — The  perforation  of  a  tubercular  bone-focus  with  the 
Paquelin  cautery  often  has  a  mo.st  beneficial  effect. 

Injections  of  Anttltacillitry  SubHances. — Injections  of  iodoform, 
chlorid  of  zinc,  alcohol,  or  formaldehyd  into  a  joint  or  into  the  tissues 
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surrounding  a  tubercular  focus  have  been  practised,  and  sometimes 

lauded.  The  writer's  experience  with  this  treatment,  however,  lias  been 
unfortunate,  as  even  under  the  most  absolute  cleanliness,  suppuration  in 
many  cases  has  been  rather  hastened  than  retarded.  Boiled  olive  oil 
or  glycerin  with  lo  per  cent,  sterilized  iodoform  added  may  be  injected 
hypodermically  either  into  the  joint  or  into  the  surrounding  tissues. 
In  the  latter  case  lo  or  15  minims  of  the  mixture  should  be  employed 
at  each  point  of  injection,  and  at  least  one  dram  should  be  used 
altogether;  in  a  joint  an  ounce  of  the  mixture  may  be  employed. 
Pain  from  such  injection.^  may  be  mitigated  by  the  local  use  of  a  spray' 
of  ethyl  chlorid  or  by  Schleich's  tissue-pressure  anesthesia.  The 
sclerogenic  treatment,  or  the  circumferential  injection  at  numerous 
points  of  a  10  per  cent,  solution  of  chlorid  of  zinc,  has  a  decided 
re.strictive  effect.  Wood-alcohol  or  fornialdeliyd  is  also  useful  by  its 
constricting  effect  upon  tlie  capillaries. 

Injections  of  AntilubfraiHn  Sfruni. — The  injection  of  antiphthisin  (a 
sozalbumin  containing  the  germicidal  elements  of  tuberculin),  tuber- 
culin R..  repeated  injections  of  serum  and  serum-products,  compounds 
of  pilocarpin.  creosote,  etc.,  have  not  been  sufficiently  tested  to  give 
definite  results,  but  they  are  helpful. 

Chronic  Congestive  Method. — The  artificial  chronic  congestive  method 
advanced  by  Bier  for  the  destruction  of  the  tubercle  bacilli  has  not 
been  received  with  much  favor.  The  method  consists  in  surcharging 
the  joint-structures  with  blood  by  a  constricting  elastic  bandage,  the 
congestion  being  carried  to  a  point  of  even  blistering,  etc.,  and  followed 
by  active  and  passive  movements  of  the  articulation  both  during  the 
time  of  constriction  and  afterward.' 

Aspiration. — Aspiration  of  a  joint  or  of  a  cold  abscess  that  con- 
tains the  liquefaction  of  caseation  will  often  result  in  the  absorption  and 
caseation  of  the  tuberculous  mass  and  in  ultimate  cure  without  sup- 
puration. The  process  may  be  repeated  until  positive  evidence  of  pus 
is  found.  Sterile  iodoform  oil  (20  to  50  c.c.)  or  tincture  of  iodin  may 
be  injected  through  the  cannula  of  the  aspirator.  If  the  contents  of  such 
an  abscess  are  found  to  be  sterile,  there  need  be  no  haste  in  opening  it, 

Artltrotomy  (Inci.sion,  Irrigation,  and  Drainage). — The  laying  open 
and  washing  of  a  joint  with  boiled  sterilized  water  or  .sterilized  bichlo- 
rid  {1 :  lo.cxx))  or  formaldehyd  (1  :  2000)  is  often  of  great  .service  when 
suppuration  has  commenced,  and  is  demanded  when  infection  is  pres- 
ent. Drainage  by  rubber  tubes  or  gauze  packing  is  often  required,  the 
joint  being  filled  with  iodoform  oil.  It  is  almo.st  unnecessary  to  say 
that  all  operations  should  be  conducted  with  the  utmost  attention  to 
cleanliness. 

Exeisinn  of  Sac. — All  surgeons  now  realize  that  the  sac  of  a  tuber- 
culous abscess  is  not  a  pyogenic  but  a  pyophylactic  membrane — a  wall 
of  defence  and  of  limitation.  When  it  can  be  completely  exci.sed  with 
knife  or  scissors,  such  plan  is  most  desirable ;  but  in  many  ca.ses  of 
spinal  and  hip  caries  complete  extirpation  is  impossible.  Under  such 
circumstances,  after  excision  of  all  attainable  sections  the  remaining  sac 
should  be  approximately  removed  with  a  hollow  flushing  curet,  infec- 

'  Mfd.  Pins  and  Cirriilur,  May  20.  1894;  Crntralh,  f&r  Cliiruig..  Lcipsic,  1892,  N* 
S3 :  Btrlinrr  A'liait.,  Nov.,  1895  ;  Eri/.  Mnl.  JoHr..  Dec.  »I.  1895. 
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tion  from  the  disturbed  remaining  areas  being  prevented  by  mopping 
with  tincture  of  iodin,  saturated  solution  of  chlorid  of  zinc,  or  pure 
carbolic  acid.  When  the  sac  cannot  be  thoroughly  dealt  with,  the 
safer  plan  after  incision  and  irrigation  is  to  avoid  all  disturbance  of  the 
membrane  even  by  pressure,  lest  fissure  of  the  wall  permit  a  route  for 
entrance,  and  infection  and  meningitis  result.  In  such  cases  the  cavity 
should  be  injected  with  tincture  of  iodin,  then  iilled  with  sterile  iodo- 
form oil  (10  per  cent.),  and  the  wound  closed.  When  pyogenic  cocci 
are  present,  drainage  will  be  required. 

Evasion. — Erasion,  improperly  called  arthrectomy,  is  an   operation 
frequently  employed  in  the  later  or  suppurative  stage  of  joint-disease. 


Pic.  349. — Skiagraph  of  carious  knee-loiot  witb  Erosion:  aduli. 

It  includes  the  scraping  away  by  gouge,  knife,  or  scissors  of  all  dis- 
ea.sed  hard  and  soft  tissues,  leaving  behind  every  possible  healthy  por- 
tion. Thorough  exposure  of  the  articulation  is  necessary,  and  the  ope- 
ration is  most  helpful  in  those  cases  of  arthritis  where  complete  re- 
moval of  the  diseased  area  can  be  accomplished.  In  the  hip,  while  often 
serviceable,  it  is  not  certain  in  its  effects.  In  the  spine  total  removal  is 
impossible,  and  one  must  content  himself  with  thorough  drainage. 
Ankylosis  after  this  operation  is  common,  but  not  universal.  Erasion 
is  most  useful  at  the  wrist,  ankle,  elbow,  and  knee.  In  the  tarsus  and 
carpus  in  children  the  entire  series  of  bones  may  be  taken  away,  and 
yet  a  useful  hand  and  foot  may  be  secured,  sometimes  much  better  than 
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an  artificial  member.  An  important  consideration  in  the  treatment  of 
children  is  the  saving  of  the  epiphyseal  lines,  thus  ensuring  growth  of 
the  limb,  even  though  repeated  operations  are  necessary.  ■ 

Chronic  sinuses  leading  to  dead  bone  should  be  treated  by  erasion 
of  the  diseased  osseous  structures,  excision  of  sinus  walls,  and  cauteri- 
zation with  chlorid  of  zinc  or  tincture  of  iodin. 

Excision. — The  formal  or  t)-pical  excision  of  the  articular  surfaces 
of  diseased  bone  often  destroys  the  epiphyseal  lines  and  checks  future 
growth.  When  the  tubercular  destruction,  however,  is  large  in  extent, 
this  operation  becomes  a  necessity,  even  in  children,  and  is  a  most  val- 
uable agent  in  saving  life  and  limb.  It  is  also  indicated  in  positive 
joint-destruction  in  adults  when  constitutiona!  symptoms  are  not  so 
severe  as  to  demand  amputation.  The  determination  as  to  erasion  or 
excision,  or  of  interference  with  ankylosed  tubercular  joints  where  the 
process  has  subsided,  may  often  be  effectually  decided  by  the  employ- 
ment of  the  A'-rays,  as  the  extent  of  the  destructive  process  cait  be 
very  accurately  delineated  (Fig.  349). 

Aitipiitation. — Sacrifice  of  a  limb  is  a  procedure  that  is  not  infre- 
quently demanded  in  advanced  joint-disease  in  adults,  but  should  be 
avoided  in  children,  except  in  pronounced  and  absolute  destruction. 
Erasion.  even  if  several  times  repeated,  and  excision,  with  constitutional 
treatment,  are  preferable  in  tlie  young, 

Nenropatiic  Artliritis,  Spinal  Arthropathy,  or  Charcot's 
Disease  of  the  Joints.^In  1831.  long  before  Charcot's  observations. 
J.  K.  Mitchell,  of  Philadelphia,  advanced  the  idea  of  an  arthropathy 
associated  with  a  neuropathy. 

Spinal  arthropatliy  is  the  name  given  to  peculiar  degenerations  of 
the  joint-structures  occurring  in  the  course  of  spinal-cord  lesions, 
especially  locomotor  ataxia,  tabes,  .syringomyelia,  etc. 

Etiology. — The  essential  cause  is  a  degeneration  of  the  spinal  cord, 
steadily  advancing  in  the  central  axis,  with  secondary  nutritive  changes 
in  the  articulations,  which,  under  certain  circumstances,  lead  to  destruc- 
tion first  of  the  synovial  membrane  and  fringes,  then  of  the  cartilage, 
and  finally  of  the  bone.  These  changes  are  slow  in  character,  and  are 
usually,  but  not  always,  accompanied  by  pain  and  doughy  swelling, 
with  distortion  probably  due  to  the  altered  nerve-supply.  The  process, 
both  pathologically  and  clinically,  differs  markedly  from  tubercular  dis- 
ease.    Suppuration  only  rarely  occurs. 

When  associated  with  hemiplegia,  the  synovitis  is  usually  of  the 
exudative  or  vegetative  type,  and  is  found  especially  in  the  upper 
extremities.  If  associated  with  tabes  the  result  of  trophic  changes  or 
nerve-trunk  disease,  serous  exudate  is  common,  and  the  degenerative 
changes  may  be  so  great  as  to  destroy  the  ligaments  and  permit  tlie 
most  extraordinary  dislocations ;  or  they  may  result  in  destruction  and 
absorption  of  the  entire  extremity  of  a  bone.' 

Treatment  has  but  little  efTect  in  staying  the  course  of  the  disease. 
In  contractions,  downward  traction  by  weight  and  pulley  and  fixation 

'  In  a  shoulder-anhropalhj'  associsted  wilh  ^jyrinRomj'clia,  Spiller  ciamined  microscom- 
cally  bolt  coixl  und  spinal  ganglia  wilh  definilc  results  {Am.  Joitr.  Med.  Sfi.^  Dec,  1S96). 
The  .irLiculntiun  w.t^  liiblocnled,  emdeil,  ntid  sutriiunded  liy  dtpiisiis.  and  (he  entire  head  of 
Ihe  humenis  liiid  diaipprared.  Some  60  cases  os.«M!ialc(l  Willi  syriiigomyeliB  have  been 
recorded,  most  o!  ihem  having  occarrcd  in  the  upper  exlreniily. 
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are  beneficial.     Operative  measures  are  of  use  only  in  relieving  a  false 
position  ;  otherwise  they  are  unnecessary. 


NEUROMIHEas,  OR  HYSTERICAL  JOINT. 

Nervous  mimicry  of  joint-disease  is  often  difficult  of  diagnosLs, 
especially  in  a  patient  who,  from  long  residence  in  a  hospital  or  from 
self-concentration,  has  acquainted  himself  or  herself  with  the  symptoms 
to  be  anticipated  from  an  injury  of  an  articulation.  The  conditions, 
which  at  first  after  traumatism  were  undoubtedly  real  and  positive,  are 
finally  exaggerated  by  the  neurotic,  and  are  mentally  dwelt  upon  until 
absolute  disability  is  developed.  Following  an  injury',  the  first  move- 
ments, after  enforced  rest,  are  necessarily  painful,  and  the  patient  seeks 
to  protect  the  joint ;  therefore,  if  a  surgeon  fails  to  differentiate  between 
still  existing  conditions  and  the  pains  produced  by  the  stiffness  from 
slight  adhesions,  his  error  may  result  in  a  permanent  condition  of 
disability. 

In  all  inflammatory  cases  there  is  a  primary  time  for  rest  and  there 
is  a  secondary  time  for  action.  After  the  subsidence  of  a  simple 
inflammation,  massage  and  use  of  the  limb  are  of  the  utmost  impor- 
tance in  producing  a  cure,  while  in  tubercular  infection  the  use  of  the 
limb  must  be  prohibited  for  a  long  period  of  time.  Hence  the  sur- 
geon must  be  most  judicious  and  skilful  in  his  diagnosis. 

Diagnosis  is  often  obscured  by  actual  inflammatory  thickening 
which  usually  surrounds  a  joint  to  a  greater  or  less  degree  after  an 
injury.  In  such  cases  the  character  of  the  patient  and  the  general 
and  local  symptoms  must  be  closely  studied. 

When,  in  the  absence  of  swelling  or  induration,  there  is  excessive 
pain  upon  movement,  and  especially  when  there  is  marked  hyperesthe- 
sia of  the  skin,  even  under  the  gentlest  touch,  a  neurotic  element  may 
be  strongly  suspected.  While  actual  lameness  and  all  subjective 
symptoms  may  be  present,  yet  they  will  be  found  altogether  out  of 
proportion  to  the  actual  palpable  conditions.  By  engaging  the  patient's 
attention  during  the  joint-examination  and  by  close  obser\'ation  of  each 
symptom  a  diagnosis  may  be  made,  although  probably  not  at  a  single 
sitting. 

In  cases  of  doubt  anesthesia  may  assist.  In  tubercular  joint-lesion 
muscular  rigidity  will  disappear  late  in  the  process  of  anesthesia,  and 
wilt  be  renewed  as  soon  as  the  individual  returns  from  the  stage  of 
complete  unconsciousness ;  while  in  a  hysterical  joint  this  muscular 
protection  will  not  reappear  until  the  individual  is  thoroughly  conver- 
sant of  his  acts. 

The  absence  of  effusion  and  the  atrophy  of  muscles  are  also  impor- 
tant elements  in  diagnosis.  Spinal  tenderness,  nerve-pains,  and  a  gen- 
eral line  of  neuroses  may  assist  in  the  recognition  of  the  true  con- 
dition. 

In  the  treatment  of  neuromimesis  it  should  never  be  forgotten  that 
the  tenderness,  though  aggravated,  is  real.  The  confidence  and  co-op- 
eration of  the  patient  must,  therefore,  be  .secured.  This  must  be  fol- 
lowed by  attention  to  the  general  health.  Massage  should  be  used, 
and  mechanical,  passive,  and  active  movements  should  be  employed. 
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Superheated  dry  air  and  progressive  voluntary  use  of  the  joint  should 
follow.  Such  a  course,  if  carefully  pursued,  will  result  in  restoring 
function  to  a  joint  which  might  otherwise  become  permanently  disabled. 
Local  blisters  and  the  actual  cautery  are  often  useful,  together  with 
blistering  of  the  lumbar  spine. 

LOOSE  BODIES  IN  THE  JOINTS:  DISLOCATION  OF  CARTILAGE. 

Loose  or  movable  bodies  in  the  joints,  or  floating  cartilages,  may 
be  entirely  free  or  may  be  partially  restrained  by  pedicles. 

Ecchondromata  are  formed  from  true  cartilage  of  bone,  or  the  sepa- 


FlG.  350,— Disi  oca  lion  of  [lie  semilunar  cartilage. 


rated  nodosities  of  osteo-arthntis,  or  the  violently  detached  portions  of 
cartilage,  or  from  overgrowths  of  synovial-membrane  cart  11  age -eel  Is. 
Ecchondromata  are  formed  from  the  villous  outgrowths  of  the  synovial 
membrane  which  have  been  gradually  torn  free,  or  from  degenerated 
fibrinou."!  tuberculous  fringes. 

Symptoms. — The  distinct  symptom  is  a  sudden  locking  of  the 
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joint,  usually  the  knee,  while  it  is  in  a  flexed  position,  the  patient  being 
seized  with  an  intense  pain. 

The  condition  with  which  this  state  is  most  likely  to  be  confounded 
is  displacement  of  the  semilunar  cartilages  or  "  internal  derangement 
of  a  joint "  (Fig.  350),  a  tearing  loose  of  the  semilunar  cartilages  from 
rupture  of  the  coronary  ligaments.  This  may  be  the  effect  of  injury 
from  sudden  hypcrextension,  or  from  flexion  or  rotation,  and  is  accom- 
panied by  severe  pain  and  locking  of  the  articulation. 

Treatment. — Reduction  of  a  joint  locked  from  loose  bodies  is 
usually  readily  accomplished  by  extension  followed  by  forcible  flexion 
and  rotation.  The  ancient  plan  of  strong  flexion  against  the  edge  of  a 
table  upon  which  the  patient  sits  is  a  good  one.  Anesthesia  may  be 
required.  Mechanical  retention  of  the  bodies  by  apparatus  is  seldom 
successful.  When  locking  is  frequent  and  locomotion  troublesome, 
aseptic  removal  of  the  loose  bodies  is  the  only  hope  of  cure.  If  an 
anesthetic  is  given,  the  precaution  of  fixation  of  the  nodule  with  a 
tenaculum  should  be  adopted. 

Dislocation  of  the  semilunar  cartilages  maybe  reduced  in  a  similar 
manner.  When  the  cartil^es  persistently  slip  from  their  positions,  an 
apparatus  which  will  prevent  rotation  of  the  leg  upon  the  thigh,  check 
the  joint-action  before  full  extension  is  reached,  and  permit  only  flexion 
of  the  knee  will  be  most  helpful.  Should  this  fail,  the  cartilages  them- 
selves should  be  excised,  or  moored  to  the  periosteum  by  silver  sutures. 


CHAPTER    XXI. 


DISEASES  OF  SPEOAL  JOINTS  (ORTHOPEDIC  SURGERY). 

DISEASES  OF  THE  HIP-JOINT. 

Diseases  of  the  hip-joint  are  due  to  changes  in  the  capsule  or  the 
bones,  impairing  the  use  of  the  part.  These  diseases  are  mostly  inflam- 
matory, either  chronic  or  acute ;  by  far  the  most  frequent  is  that  called 
tubercular,  due  to  the  parasitic  action  of  the  tubercle  bacillus,  and  met 
with  on  a  large  scale  in  the  urban  communities  of  temperate  climates. 
Typical  examples  of  this  disease  have  been  familiar  for  centuries,  and 
liave  been  termed   morbus   cox:k.  coxitis,  or  hip-disease  (Fig.   35l). 


Fig.  351. — Righl  hip.iiiseasi;,  chronic,  in  a  boy  ot  nine  ,  marked  fleiiun  aiid  adduction. 

Inflammation  of  the  hip-joint  may  attend  other  infective  states,  or 
general  disorders  of  the  system,  such  as  pyemia,  osteomyelitis,  gonor- 
rhea, scarlatina,  rheumatism,  rheumatoid  arthritis,  gout,  and  syphilis. 
Occasionally  the  joint  is  affected  by  the  "simple  inflammation  "  of  an 
7U 
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iin complicated  injury,  such  as  sprain  or  dislocation.  The  existence  of 
these  various  diseases  has  often  been  certified  by  scientific  proofs,  which 
are  sometimes  applicable  in  clinical  practice  ;  but  In  many  instances  the 
definition  of  the  actual  variety  of  disease  is  chiefly  a  matter  of  inference 
and  more  or  less  probability.  In  clinical  practice,  many  cases  now 
inferred  to  be  tubercular  are  capable  of  recovery,  and  often  of  complete 
resolution,  under  suitable  mechanical  treatment  and  rest;  and  exact 
proof  of  their  nature  must  often  be  wanting,  though  a  belief  In  the 
character  of  the  disease  Is,  with  our  present  knowledge,  irresistible. 

Cause. — ll  canniJt  alwayii  be  definilel)'  ascerlained  whether  Wberciilai  hip-disease  is  the 
reAull  of  injury  or  has  appareoLly  arisen  ".spontaneousty  ;"  but  there  is  every  reason  to 
believe  that  the  diseaw  arises  in  ditecl  cunseijueiice  of  injury,  ulthough  it  may  often  occur 
apparently  wiihoul  any  such  contrihulory  cause.  TobercuJar  joinl-diwaie,  especiallj'  in 
children,  often  occurs  in  individuals  seemingly  robust  and  well. 

The  tissues  affected  in  joint- diseases  are  the  capsule  and  the  bones,  and  inflammatioii 
may  take  the  fonn  of  "capsular  arthrilis,"  of  " osteo-anhritis."  or  of  both.  If  fluid  i> 
effused  within  the  capsule,  there  is  said  (o  be  "  synovitis.,"  or  inllaniination  of  the  synovial 
liniDg  of  Ihc  capsule.  In  some  cases  the  synovitis  may  attend  osteo-uttlirliis.  In  a  well- 
dehned  exposed  joint,  like  the  knee,  these  distinctions  are  easily  ina<le  out  at  the  bed-side ; 
but  it  is  different  with  the  hip,  situated  deeply  among  the  muscles.  The  cviileiices  of  opera- 
lion  and  of  post -mortem  examination  make  it  certain  that  in  hip-disease  the  inflammation  may 
attack  the  capsule,  or.  usually  primarily,  tlie  bones  inside  the  capsule  :  but  we  have  no  cer- 
tain mean!  of  deciding  at  the  commeneeroent,  nnd  had  better  therefore  not  attempt  always  to 
predict  in  which  tissue  the  disease  arises,  seeing  that  some  cases  recover  without  defect  and 
without  trace.  Whether  the  disease  begins  in  the  bones  or  in  the  capstile.  there  may  be 
effusion  of  fluid,  which  can  be  detected,  when  in  sufficient  quantity,  on  one  side  or  other 
of  the  joinL  Such  evidence  of  Huid  apparently  hardly  ever  produces  much  distention  and 
bulging  of  the  capsule,  so  that  the  lemi  "synovitis"  is  seldom  if  ever  applicable,  in 
the  opinion  of  the  writer,  to  any  of  the  conditions  found  in  this  particular  joint.  The 
Ibickening  nf  and  about  the  joint  is  due  mainly  to  intillralion  of  the  various  tissues. 

SjTnptoms. — The  symptoms  of  hip-disease  can  best  be  under- 
stood by  studying  those  of  the  most  numerous  class,  the  tubercular, 
and  may  be  comprised  under  three  heads — pain  and  tenderness,  lame- 
ness, and  deformity.  In  a  tjpical  case  there  are  pain  and  tenderness  in 
the  joint,  which  is  stiffened  in  the  flexed  position,  and  there  is  a  limp 
or  roll  In  the  gait 

The  sj-mptoms  in  such  a  case  are  sometimes  so  definite,  and  so  obviously  point  to  the 
legion  affected,  that  their  proper  cause  is  easily  recognized  by  a  medical  atlendnnl  who  iruy 
have  little  or  no  previous  experience  to  guide  him.  In  fact,  the  parents  or  friends  of  the 
patient,  or  the  patient  alone,  may  not  infieiiuenlly  be  enabled,  in  the  light  of  common 
acnsc  or  of  local  perception,  to  form  a  good  idea  of  what  is  the  matter.  But,  easy  though  it 
be,  in  typical  cases,  (u  recognize  the  affection  when  several  symptoms  point  to  it,  iheit:  is 
uncertainty  when  some,  or  even  Trust,  of  the  usual  symptoms  are  absent,  unless  the  observer 
has  B  varied  experience  of  his  own.  or  has  rules  laid  down  by  the  experience  of  others. 
The  pain,  for  instance,  may  be  insignificant,  and  even  absent  altogether :  while  tenderness 
on  pressure  or  movement  may  be  unnodceable-  There  is  then  to  be  considered  the  limping 
or  rolling  gall,  which  is  very  conspicuous  when  due  to  pain  or  tenderness,  but  which  is 
often  due  merely  to  stiffness  and  ■  tiled  altilude,  irtosily  flexion,  when  neither  pain  nor 
leitderacss  exisl.s.  In  the  case  of  infants  in  arms  the  gait  cannot  be  tested.  There  then 
Itmain  the  adoption  of  certain  attitudes  and  the  stiffness  of  the  joint,  which  have  now  to  be 
cooadeted. 

In  examining  a  typical  case  of  hip-discase,  with  pain,  tenderness, 
and  limping,  if  the  patient  Is  stripped  and  laid  on  the  floor,  on  a  table, 
or  other  suitable  flat  surface,  there  Is  always  found  to  be  a  stiffened 
and  ti.sually  a  more  or  less  flexed  attitude  nf  the  limb  on  the  affected 
side.  There  is  a  want  of  symmetry  between  the  lower  limbs  In  .some 
positions.    If  the  legs  and  thighs  be  placed  parallel  in  line  with  the  body. 
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there  is  found  to  be  bending  of  the  trunk  by  increased  arching  of  the 

lumbar  spine,  which  thus  cannot  be  brought  into  contact  with  the  sur- 
face on  which  the  patient  is  lying.  If,  however,  the  knees  and  hips  be 
flexed  equally  on  both  sides,  the  lumbar  spine  can  be  flattened  and  the 
trunk   thus  straightened;    and   if  flexion   be  the  only  deformity-,  its 

amount  is  readily  ascertained  and  a 
symmetrical  attitude  found  for  the 
limbs  and  trunk.  Flexion,  how- 
ever, is  not  always  the  sole  position 
in  which  the  joint  is  stiffened,  for 
there  may,  in  addition,  be  abduc- 
tion or  adduction,  or  there  may  be 
rotation  out  (Fig.  352)  or  rotation 
in.  Symmetry  of  the  trunk  is  se- 
cured by  straightening  the  spine 
and  placing  the  anterior  iliac  spines 
on  a  level,  by  adjusting  the  pelvis 
until  the  line  through  the  sternum, 
umbilicus,  and  pubic  symphysis  is 
straight;  symmetry  of  the  limbs  is 
secured  by  flexing  both  knees  and 
hips  as  much  as  is  required  to  ob- 
literate the  abnormal  lumbar  curve, 
and  in  the  event  of  adduction  by 
crossing  the  legs,  in  that  of  abduc- 
tion by  setting  them  apart.  The 
attitude  in  which  the  loin  and  thigh 
are  fixed  on  the  diseased  side  is  thus 
imparted  to  the  unfixed  and  supple 
corresponding  parts  on  the  sound 
.side.  All  thi.f  may  appear  some- 
what complicated  in  words,  but  it 
can  be  understood  in  a  few  mo- 
ments at  a  glance,  with  slight  ma- 
nipulations. An  exact  demonstra- 
tion of  the  flexion,  abduction,  ad- 
duction, or  rotation  is  easily  made 
by  adopting  a  device  of  the  late 
Hugh  Owen  Thomas.  This  con- 
sists in  flexing  the  sound  hip  and 
knee  to  the  fullest  extent,  as  the 
patient,  stripped,  lies  on  his  back 
on  a  flat  surface,  holding  the  limb 
in  that  attitude  against  the  chest 
while  putting  the  diseased  limb  as 
straight  as  it  will  go.  The  precise 
amount  of  flexion  or  other  deformity  is  then  displayed  in  the  affected 
hip-joint  (Fig.  353).  Abduction  or  adduction  may  or  may  not  be  pres- 
ent, and  the  same  applies  to  the  rotation  out  or  in.  But  in  every  case  of 
hip-disea.'ie  pra'ioiisly  untreated  by  rigid  apparatus  or  by  effeetivc  rest  in  the 
lying  posture,  a  certain  amount  of  stiffness  in  the  flexed  position  is  pre.sent. 


I'lii.  352, —  LtJl  liip-Jj^oiii^  111  ii  lii.in  uf 
fifly-scven;  flexion,  adduction,  and  rotalion 
Dulwartl. 
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Why  should  flexion  or  other  fixed  attitude  be  found  in  hip-disease  ? 
In  a  healthy  state  of  the  parts,  ail  iho  positions  and  attitudes  of  the  joint 
can  in  turn  be  assumed  at  will ;  but  with  inflammation  come  swelling, 
impairment  of  nutrition  and  function,  and  reflex  spasm,  with  stiflening 
of  the  capsule  and  other  tissues  that  should  be  pliable.  All  muscular 
movement  is  also  more  or  less  hindered  by  the  stiffness,  especially 
extension,  which  depends  upon  muscular  movement  alone.  Flexion, 
though  also  hindered  by  stiffness  and  muscular  weakness,  is  neverthe- 
less favored  on  every  attempt  at  sitting,  when  the  weight  of  the  body 
alone  tends  to  fold  the  thigh  on  the  trunk.  The  flexion  tends  to  be  con- 
firmed, since  the  joint  never  becomes  perfectly  straightened  in  the  inter- 
vals. Not  only  are  the  muscles,  in  the  stiffened  state  of  the  inflamed 
parts,  less  effective  for  the  usual  movements  of  the  joint,  but  even  in 


Flo.  353- — Acute  left  hip-diseaie,  before  trenUneat.  in  a  boy  of  seven.      Degree  of   flexion 
displayed  by   H.  O.  Thomas  s  lesi. 

early  cases,  where  the  capsule  is  still  unaffected,  there  may  be  flexion 
from  muscular  spasm.  Instead  of  resting  between  their  efforts,  as  they 
would  in  a  healthy  state  of  the  parts,  all  the  muscles  around  the  inflamed 
hip-joint  are.  through  the  influence  of  the  nervous  system,  brought  more 
or  less  into  a  state  of  constant  contraction.  This  action  is  mainly  invol- 
untary, but  there  may  be  a  supplementary  effort  of  the  same  kind  con- 
sciously effected  at  the  instance  of  the  patient's  own  reason  and  expe- 
rience. This  rigid  "  watchfulness  "  of  the  muscles  more  or  less  attains, 
in  certain  cases,  the  effect  of  partially  warding  off  pain  by  an  attempt  to 
keep  the  joint  still  during  the  waking  state  of  the  patient.  When  the 
patient,  however,  drops  off  to  sleep,  the  muscles  relax  and  the  limb 
moves,  causing  in  the  joint  a  momentary  pain  under  which  the  muscles 
instantly  contmct  again,  producing  the  well-known  "  starting  pains." 
This  symptom  was  con.sidere<l,  and  is  still  bj-  some  accepted,  as  evi- 
dence of  ulceration  in  the  cartilages.  It  is  not  easy  to  say  how  either 
the  truth  or  the  error  of  such  a  supposition  is  to  be  proved  ;  but  the 
explanation  given  above  .seems  to  the  writer  more  in  accordance  with 
reason  and  probability. 

Flexion  in  hip-disease  varies  in  degree  from  a  flexion  which  brings 

Uie  thigh  nearly  in  contact  with  the  trunk  (in  occasional  old  neglected 

s)  down  to  a  point  where  careful  tests  are  needful  to  demonstrate 


718 


INTERNA  TIONAL    TEXT-BOOK  OF  SVRGER  Y. 


the  vicious  position.     Usually  the  6exion  is  accompanied  by  adduction 

or  abduction.  Abduction  occurs  snnn;tinies,  cspfcially  in  early  cases, 
but  is  less  common.  Later  the  combination  of  adduction  with  flexion 
is  the  familiar  picture.  No  les.s  important  than  the  presence  of  deformity 
is  the  limitation  of  motion  by  muscular  spasm  which  may  occur  where 
there  is  no  deformity.  In  very  early  cases  the  only  sign  present  may 
be  a  certain  limitation  of  the  range  of  motion  as  compared  with  that  of 
the  sound  hip.  There  may  be  limitation  of  all  movements,  or  of  some 
only;  for  instance,  there  may  be  a  loss  of  hyperextension  only,  or  of 
external  rotation  and  abduction.  Any  difference  in  the  range  of 
motion  in  the  two  hips  requires  explanation.  If  there  is  no  other  proc- 
ess found,  it  is  safer  to  assume  that  there  is  joint-trouble  (probably 
tubercular),  to  warn  the  parents  of  the  patient  as  to  the  possibility 
of  serious  trouble,  and  to  treat  the  case  for  the  time  being,  until  a 
definite  diagnosis  is  possible,  as  one  of  probable  hii>-disease. 

It  is  to  be  noted  tliat  flexion-deformity  may  be  a  result  of  structural 
changes,  and  hence  may  not  yield  to  treatment.  The  same  is  true,  to 
some  extent,  of  the  limitation  of  motion  ;  but  in  general  the  limitation 
corresponds  pretty  closely  to  the  acuteness  of  the  disease  (wiielher  in 
early  or  late  stage),  and  is  therefore  a  better  index  of  effectiveness  of 
treatment  than  is  the  decrease  in  permanent  flexion. 

Since  flexion  ia  in  certain  cajies  tht  only  symptom  upon  which  reliance  can  be  plnced 
in  llie  diagnosis  of  hip-tiisea^.  il  becomes  importonl  lo  detect  it  with  certainly.  Klexion  is 
found  also  in  caries  of  the  lumliar  spine,  with  abscess  in  the  iliac  (ossa.  In  hip-disease 
tlie  spine  archer  readily  when  the  limb  is  pressed  straight  while  the  patient  liea  on  his  hack  ; 
in  spinal  disease,  however,  the  knee  cniinul  hi-  presst^l  down,  bnt  remains  tilled  up.  owing 
to  slifliieas  in  the  tlexor  tnuscles  of  the  hi])-joint  and  rigidity  of  the  spine.  Such  cases  may 
be  mistaken  for  uach  other,  especmlly  when  attendeil  wiLh  abscess  in  the  groin  and  iliac  fossa. 

Another  well-known  symptom,  "flattening  of  the  buttock,"  is  the 
result  of  muscular  wasting;  and  the  wasting  of  other  muscles  leads  to 
a  general  atrophy  of  the  limbs.  In  certain  muscles  this  is  the  specific 
atrophy  of  joint-disease ;  there  is  also,  however,  tiie  atrophy  of  disuse, 
affecting  all  the  tissues,  as  seen  in  the  short  foot  familiar  in  old  hip 
cases. 

When  i>ain  attends  liip-disease,  it  is  commonly  definite,  and  referred 
to  tlie  immediate  neighborhood  of  the  joint;  but  sometimes  it  is  also 
felt  down  the  front  or  inner  side  of  the  thigh,  and  even  as  far  as  the 
knee.  This  distant  pain  is  supposed  to  be  due  to  irritation  of  the 
obturator  nerve,  the  distribution  of  which  in  the  hip-  and  knee-joints 
and  down  the  thigh  corresponds  with  the  distribution  of  the  pain. 
Even  in  the  absence  of  pain  in  the  hip-joint,  pain  down  the  thigh  or  in 
the  knee  may  be  felt,  and  might  withdraw  the  surgeon's  attention  from 
the  joint  concerned,  were  it  not  that  the  traditional  interest  attached  to 
"pain  in  the  knee"  has  become  established,  in  literature  and  practice, 
as  a  .symptom  of  hip-disease.  The  pain  accompanying  hip-disease  is 
ofien  persistent  and  prolonged,  and  even  when  it  has  ceased  to  be 
constant  or  frequent,  is  easily  reproduced  by  slight  movement  or 
pressure.  It  is  probable  that  acuteness  of  pain  in  the  hip-joint  is  a 
sign  of  tension.  This  tension  may  be  capsular  or  interos.seous.  Per- 
sistent and  prolonged  pain,  described  as  dull  aching  or  boring  in 
character,  often  attends  cases  in  which  the  bones  are  primarily  affected, 


D/SEASES   OF   THE  UIPJOINT. 


719 


and  in  which  afterward  shortening  of  the  femoral  neck  or  absorption 
of  the  head  is  manifested  by  the  altered  position  of  the  great  trochanter, 
and  by  a  shortened  limb.  .Tension  or  at  least  irritation  in  parts  inflamed 
may  be  brought  about  by  their  movements;  hence  the  great  pain  ex- 
perienced in  many  cases  of  inflamed  joint  previous  to  their  fixation  by 
a  suitable  splint,  and  the  converse,  the  early  relief  experienced  on  the 
meclianical  attainment  of  immobility. 

All  this  may  occur  witiiout  abscess,  and  ihe  TBsuli  mil)'  be  a  complete  Telum  lo  sound- 
ness, ID  (be  sense  of  teeoveiy  fTom  inJlaninuition,  Ihe  disappearance  of  all  pain  and  tendeT- 
ness,  the  mainlenance  of  strengtli  and  of  a  large  amount  of  mobilily.  But  there  may  easily  be 
left  some  flexion -deformity,  and  usually  some  limitation  of  motion,  esp>ecially  if  mechanical 
treatraeul  has  nol  been  very  thoroughly  persistci)  in  for  a  long  time.  More  generally,  how- 
ever, irk  cases  of  prolonged  pain  and  primarv  disease  of  the  bone^,  an  abscess  forms,  and 
elTects  a  greiit  and  serious  change  in  (he  p[^>spev:l4  and  management  of  the  case,  although 
such  an  nbsce^^  may  become  absorbed  quietly,  willi  or  without  aspiration. 

The  "shortening"  alluded  to  as  a  deformity  is  most  important, 
and  always  indicates  defective  growth  or  loss  of  substance  in  the 
femur.  It  may  in  later  stages  be  considerable  in  amount,  and  will 
then  usually  be  found  to  indicate  partial  or  complete  luxation  of  the 
hip,  rendered  possible  especially  by  the  absorption  of  the  rim  of 
the  acetabulum.  Such  luxation  may  occur  despite  careful  treatment. 
There  are,  however,  many  ca.ses  in  which  stiffness  in  the  flexed  position, 
with  or  without  other  fixed  attitudes,  produces  an  effect  of  shortening 
that  on  cio-'ie  investigation  is  found  to  be  apparent  only.  Tn  distinguish 
between  "apparent"  and  "real"  shortening  is  ofimporlance.  but  this  can- 
not be  attained  by  merely  measuring  the  length  from  the  anterior  pubic 
.^ine  to  some  fixed  point  in  the  limb,  such  as  the  tip  of  a  malleolus, 
unless  the  relation  of  the  limb  to  the  pelvis  is  the  same  on  both  sides. 
Forordinarypurposestheamount  of  real  shortening,  or  its  absence  in  the 
event  of  apparent  shortening,  can  be  detected  at  a  glance  by  placing  the 
limbs  "  symmetrically,"  as  referred  to  above  in  the  estimation  of  flexion. 
These  adjustments  are  effected  by  manipulating  the  hmb  on  the  diseased 
side  until  the  pelvis  is  placed  quite  evenly.  Then  the  sound  limb  is  put  m 
the  same  position  as  that  in  which  the  other  is  fixed,  and  by  comparing 
the  two  sides  their  length  is  found  to  be  identical  in  cases  of  apparent 
shortening,  and  the  amount  of  true  shortening  is  accurately  seen  in 
cases  where  it  exists.  For  exact  measurement,  however,  and  complete 
demonstration,  "  Nelaton's  line"  is  valuable.  This  is  indicated  by 
laying  a  tape  on  tlie  outer  side  of  the  limb  from  the  anterior  superior 
iliac  spine  to  the  ischial  tuberosity  of  the  .s;ime  side.  In  a  sound  hip, 
or  in  one  unaffected  by  shortening,  the  tip  of  the  great  trochanter  lies 
just  below  this  line.  In  the  event  of  shortening,  the  amount  will  be 
shown  by  the  altered  situation  of  the  trochanter  in  relation  to  Nelaton's 
line.  For  this  demonstration  the  patient  has  to  be  turned  over  on  the 
sound  side. 

Diagnosis. — From  the  account  just  given  under  the  head  of 
Symptoms,  it  is  evident  that  the  diagnosis  may  be  easy  or  difficult 
according  to  circumstances.  Many  cases  run  their  course  without 
abscess  or  any  signs  of  liquid  effusion.  Some  are  actually  painful  and 
disabling,  and  attract  attention  early;  while  others  are  milder  in  their 
course,  and  more  or  less  recovered  from,  even  if  untreated,  and  result 
in  flexion-deformity  and  stiffness.     Mistakes  in  diagnosis  may  be  made 
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not  only  by  b^inners  but  by  persons  of  ripe  and  varied  experience. 
The  most  usual  mistakes  are  the  confusion  of  hip-  and  spine-disease  j 
above  referred  to,  the  failure  to  recognize  acute  sprains  or  fractures  of  i 
the  femoral  neck,  and  occasional  failure  to  detect  congenital  hip-disloca- j 

tion  or  coxa  vara. 

Principles  of  Treatment. — The  treatment  of  hip-disease  has  the 
following  objects  in  view:  (i)  immobilization  of  the  joint;  (3)  separation 
by  traction  of  the  joint-surfaces;  (3)  the  correction  of  flexion  or  other 
malposition ;  (4)  the  treatment  of  abscess.  In  early  cases  the  importance  1 
of  rest  in  bed  must  always  be  kept  in  mind.  Even  if  no  appliances  be] 
at  hand,  this  resource  need  never  fail,  especially  in  the  presence  of  pain  , 
or  tenderness.  Its  employment  is  obviously  dictated  by  common  sense, 
and  cannot  be  dispensed  with  until  all  pain  and  tenderness  are  gone. 
The  application  of  a  splinl,  without  confining  the  patient  to  bed,  should 
seldom  or  never  be  resorted  to  until  the  surgeon  has  had  some  experi- 
ence in  its  use,  enabling  him  to  judge  which  cases  arc  fitted  to  move 
about  from  the  commencement.  Not  only  in  early  cases,  but  where 
there  is  double  hip-disease,  and  in  cases  at  any  stage  where  there  is 
much  pain  or  tenderness,  marked  deformity  or  rapid  progress,  with  or 
without  abscess,  bed  treatment  is  indicated.  Almost  invariably,  how- 
ever, the  recumbent  po.'iition  has  to  be  supplemented  by  some  mechani- 
cal arrangement  that  fixes  the  hmb  and  trunk  in  line.  The  more 
completely  and  rigidly  tliis  fixation  is  attained,  the  more  effectual  wilt 
the  treatment  be.  For  this  purpose  the  long  splint  of  Liston  has  often 
served,  and  up  to  about  1874  was  the  chief  resource  in  the  British  Isles. 

In  the  case  of  infants  the  single  long  splint  is  almost  useless,  because 
the  patient  rolis  over  on  the  side,  in  which  position  flexion  of  the  hip- 
joint  is  not  prevented.  To  secure  proper  immobility,  a  pair  of  long 
splints  attached  by  a  cross  bar  at  each  end,  so  as  to  constitute  a  stiff 
frame,  keeps  the  patient  still  enough  to  attain  the  object  in  certain  cases. 
Still  better  is  a  fixation-frame  to  which  the  patient  may  be  strapped. 
Such  a  frame  may  be  made  of  light  gas-pipe,  joined  at  the  corners  with 


Flc.  3S4. — Bradford's  fixation-fniine. 


ordinary  right-angled  gas-fitters'  joints.  It  should  be  from  two  to  four 
inches  longer  than  the  patient,  of  a  width  about  equal  to  that  between 
the  shoulder-tips.  It  is  covered  with  stout  drilling,  tightly  stretched, 
as  shown  in  the  illustration  (Fig.  354).  Such  a  frame  gives  a  means 
of  fixation  for  the  patient's  body,  and  makes  it  possible  to  move  him 
without  stirring  up  the  joint.  Traction  is  applied  by  weight  and  pul- 
ley; a  hold  on  the  limb  is  secured  by  adhesive  piaster  strips  running 
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well  up  the  thigh ;  the  weight  used  is  from  4  to  10  pounds.  Trac- 
tion is  made  in  the  line  of  deformity',  if  deformity  is  present;  if  flex- 
ion is  present,  the  leg  is  meanwhile  supported  on  an  inclined  plane. 
Under  this  treatment  reflex  spasm,  the  usual  cause  of  deformity,  re- 
laxes, and  the  apparatus  is  gradually  lowered  till  the  traction  is  exerted 
in  full  extension. 

The  Thomas  hip-splint  is  also  used  for  bed  treatment,  though  it 
does  not  in  its  usual  form  provide  for  traction. 

The  great  mechanical  value  of  Thomas's  hip-splint  rests  in  its  applica- 
tion behind  the  limb  and  the  trunk,  in  such  a  way  as  most  eflectually  to 
oppose  all  tendency  to  flexion.  It 
is  made  of  flat  iron  rod  stiff  enough 
to  resist  the  muscles  of  the  patient,  ' 
but  not  too  stiff  to  be  t^visted  or 
bent  forcibly  by  the  surgeon  or 
instrument- maker.  In  its  single 
form  it  is  slightly  padded  and  cov- 
ered with  leather  (Fig.  355).  For 
infants  and  young  children  the 
double  splint  is  much  the  best. 
and  fixed   padding   can   often  be 


FiGL  355. — Thoinas'i  lingte  hip-iplinl. 


Fig.  3s6. — Thomas's  double  hii>-iphni  icady 
for  application  ;  loose  pad  for  (he  bACk  It  iitu ; 
ihoulder-braces  of  bandage  po&smg  Ihrough 
lealher  tubes  lo  go  aver  Ibe  shouldeis. 


dispensed  with,  being  replaced  by  a  large  loose  flat  pad  enclosed  in 
basil  leather  for  the  back  (Fig.  356).  while  the  limbs  are  protected 
by  a  roll  of  cotton  wadding  bandaged  on.  The  modification  of  the 
Thomas  splint  by  Robert  Jones  (Fig.  358)  provides  not  only  for  fix- 
ation but  for  traction  as  well,  and  a  certain  amount  of  abduction  coun- 
teracting the  usual  adduction  and  flexion-deformity. 

The  vast  majority  of  cases  of  hip-disease,  however,  need  bed  treat- 
ment for  a  short  time  only,  or  at  infrequent  intervals,  and  can  be  well 
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treated  by  ambulatory  splints.  The  first  requisite  of  such  a  splint  is 
that  it  relieve  the  hip  nf  weight ;  the  second,  that  it  fix  the  hip.  Beyond 
this  there  is  good  reason  to  believe  traction  on  the  leg  of  definite  value. 
The  splints  most  in  use  are  modifications  of  those  of  Thomas  and  of 
Taylor.  The  Thomas  splint  is  more  effective  in  fixing  the  joint  and 
limiting  flexion  ;  it  is.  however,  somewhat  cumbersome,  does  not  afford 
any  traction  beyond  the  weight  of  the  limb,  and  does  not  really  insure 
rest  to  the  hip  even  where  a  high  sole  on  the  other  foot  is  used,  for 
children  are  very  likely,  where  the  joint  is  not  tender,  to  use  the  foot 


Fig.  357, — A.  Long  Iraclion-iplinl ;  B.  Convalescent  splint. 


despite  any  apparatus.  The  Taylor  splint  fixes  less  well,  but  with  proper 
application  it  is  possible  to  secure  good  traction  and  to  prevent  abso- 
lutely any  use  of  the  limb.  With  either  splint  the  high  iole  and 
crutches  should  be  u.sed. 

If  pain  persists  in  spite  of  a  well-applied  splint,  it  will  be  due  to  a 
persistent  course  of  the  disease,  especially  in  the  bones. 

In  late  cases,  if  the  flexion  is  great  and  the  stiffness  is  marked. 
though  not  extreme,  while  pain  is  absent,  and  the  case  is  chiefly  one 
of  deformed  attitude  and  resulting  chronic  lameness,  rest  in  bed,  with 
traction  and  prolonged  treatment  with  the  extension-splint,  will  effect 
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a  gradual  straightening,  and  ultimately  greatly  improved  progression, 
This  gradual  straightening  is  a  spontaneous  process  unattended  by  any 
mechanical  force  on  the  part  of  the  surgeon,  who  merely  "  takes  in  the 
slack  "  as  he  finds  it.  It  is  not  always  painless,  and  may  be  a  source 
of  much  aching  and  sleeplessness  to  the  patient  during  the  first  few 
days.  This  pain  is  due  to  the  stretching  of  muscles  which  have  become 
shortened  during  the  maintenance  of  the  flexed  attitude,  and  also,  per- 
haps, to  a  similar  stretching  of  shortened  capsule. 

A  very  important  question  then  arises  as  to  how  long  treatment 
must  be  continued.  It  must  be  obvious  that  treatment  should  con- 
tinue until  the  symptoms  have  disappeared  and  do  not  return;  but  the 
symptoms  sometirnes  do  return  shortly 
after  remitting  the  treatment.  Practi- 
cally, it  is  not  safe  to  omit  the  splint 
until  a  year  or  two  after  muscular 
spasm  has  disappeared.  During  this 
period,  however,  a  convalescent  splint 
(Fig.  357,  B)  may  be  worn.  After  the 
application  of  such  splint  the  patient 
should  be  carefully  inspected  at  inter- 
vals, to  see  whether  any  flexion-stilTness, 
pain,  or  increased  tenderness  have  re- 
turned. The  return  of  any  symptom 
should  be  met  by  the  re-application  of 
the  splint  previously  worn,  or  perhaps 
by  confinement  to  bed,  and  treatment 
is  to  be  continued  until  all  symptoms 
are  gone  and  fail  to  return  before  re- 
suming the  convalescent  splint.  The 
removal  of  the  splint  btxomes  just  as 
much  a  matter  of  experience  as  its 
original  application.  The  evidence  of 
complete  resolution  is  the  absence  not 
only  of  all  pain  and  tenderness,  but 
also  of  all  stiffness  or  return  of  de- 
formity. The  patient  must  be  able  to 
extend  the  hip-joint  fully  while  lying 
down  on  a  flat  surface  with  the  sound 
limb  bent  completely  on  the  trunk.  In 
practice,  however,  perfect  results  are 
rare.  After  a  prolonged  adoption  of  the  straight  position  in  the  splint, 
and  the  increase  and  improvement  of  locomotion  this  affords,  one  of 
two  things  may  be  expected  to  result — either  the  occurrence  of  perma- 
nent stifl^ness  in  the  straight  attitude,  or  the  restoration  of  movement 
in  the  joint.  The  permanent  stiffness  of  the  hip-joint  either  by  bony 
ankylosis,  which  is  not  frequent,  or  by  fibrous  adhesion  affords,  when 
attended  by  the  straight  position,  a  complete  and  almo.st  perfect  loco- 
motion, which  in  walking  can  be  effected  without  the  slightest  limp,  if 
there  be  no  shortening.  If  in  treatin;^  a  case  no  relaxation  of  the 
flexion  occurs,  if  bony  ankylosis  be  otherwise  ascertained  to  exist,  the 
femur  may  be  divided  at  or  above  the  great  trochanter. 


Fig.  35a. ^Thomas's  doublt  hip- 
iplini  an  modified  (or  pxiension  and 
atxluction  an  ihe  left  side;  perineal 
band  un  Ihe  right. 
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The  ideal   treatment  of   abscess  with    accompanying  hip-disease 
would  naturally  be  aseptic  incision,  with  or  without  flushing  with  hot, 
water  or  weak  antiseptic  solutions,  and  with  or  without  immediate  su-' 
turc  after  filling  the  cavity  with  iodoform-and-glycerin  emulsion.     Such  I 
treatment  should  be  preceded  by  the  application  of  a  splint,  in  com- 
bination with  which  the  necessary  dressings  can  be  applied.     Incision 
of  abscess  requires   bed  treatment  for  some   time  afterward  for  best 
results, 

The  opening  and  satisfactory  heahng  of  abscesse.s  by  aseptic  incision 
and  dressing,  without  removal  of  bone,  may  result  in  all  that  can 
be  desired,  leaving  the  limb  useful  and  unshortened,  as  in  resolution  of 


Fig.  35g. — Left  hip-disease  folluwing  typhujd  jti  a  man  aged  thlrly-sii,     Pulup  under  exiension 
and  abduction,  after  o&leotomy  of  the  neck  of  the  femur.  ' 

the  disease  without  abscess.  If  bony  ankylosis  or  stiff  fibrous  union 
result  in  the  .straight  position,  the  necessary  movements  occur  through 
the  flexibility  of  the  lumbar  spine.  Similarly,  the  spontaneous  burst- 
ing of  abscess,  and  even  the  continuance  of  sinuses,  may  result  in  .spon- 
taneous healing,  with  or  without  shortening,  flexion,  or  other  deformitj-. 
But  such  sinuses  may  persist,  and  impair  the  health  or  lame  the  patient. 
Secondary  excision,  performed  from  the  front,  may  result  beneficially. 
and  after  healing  may  be  followed  by  complete  recovery  of  health  and 
strength,  with  shortening,  but  often  with  considerable  motion. 

Although  pain,  tenderness,  and  .stiffness  quickly  disappear  in  many 
cases  on  the  application  of  the  splint,  there  are  others,  more  or  less 
acute,  in  which  the  expected  relief  is  greatly  delayed  or  fails  to  occur. 


DISEASES  OF   THE  HIP-JOINT. 


725 


the  case  going  on  from  bad  to  worse.  The  advance  of  the  tubercular 
process  often  accounts  for  this,  and  the  subsequent  shortening  in  cases 
that  eventually  get  well  proves  the  fact  of  absorption  in  the  head  or 
neck  of  the  femur.  In  other  cases  that  have  still  recovered  with 
shortening,  abscess  has  formed  and  has  been  successfully  treated,  the 
process  never  having  been  acute.  Others,  again,  had  early  persistent 
pain,  eventual  relief,  the  late  formation  of  abscess,  and  its  successful 
aspiration. 

Excision  of  the  joint  is  best  done  at  the  front  or  side,  which  is  more 
accessible  for  dressing  purposes,  while  the  tissues  behind  are  preserved 


Fig.  360. — Muhipti;  usleuRiyclilis.  ihat  of  the  femur  itffeciing  llie  hip-juini:  ten  yean' 
duration  ;  pntieni  aged  Alxtern. 

unwounded  for  the  application  of  the  splint.  When  undertaken  com- 
paratively early,  before  the  surface  has  broken,  the  tubercular  process 
has  a  good  chance  of  being  eradicated,  and  the  part  restored  to  sound- 
ness and  utility  more  speedily  than  after  the  formation  of  sinuses. 
There  is  necessarily  some  deformity,  owing  to  the  inevitable  shortening. 
The  [Kithological  condition  in  the  cases  to  which  early  primary 
excision  is  applied  differs  considerably  from  that  in  which  the  operation 
is  ]»crformed  "  secondarily."     In  the  former  class  of  cases  there  is  the 
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unbroken  surface,  and  the  chief  features  of  disease  are  the  softened. 
carious,  and  caseous  state  of  the  cancellous  bone  in  the  head  and  neck 
of  the  femur,  and  the  swollen  and  shreddy  condition  of  the  surrounding 
capsular  lij^aments  and  other  soft  parts.  There  may  be  abscess,  but  it 
is  often  more  serous  than  purulent  in  character.  The  object  of  every  such 
operation  is  to  remove  all  tubercular  material,  inflammatory  exudation, 
and  portions  of  devitalized  or  half  nourished  tissues  adjacent,  the 
removal  of  which  by  absorption  is  not.  indeed,  always  impossible,  for 
such  process  must  often  occur,  but  the  presence  of  which  at  the  best 
greatly  delays  the  re])arative  process,  and  in  the  event  of  bursting  or 
incision  may  be  attended  with  burrowing  sinuses  and  secondary  infective 
suppuration.  Firmer  and  sounder  tissues  are  left  in  contact  with  each 
Other,  and  in  spite  of  the  deformity  resulting  from  removal  of  bone,  a 
much  quicker  local  repair  is  obtained  than  by  the  efforts  of  nature, 
while  the  patient's  health  is  speedily  restored,  or  often  not  actually 
impaired.  Moreover,  the  healing  of  the  parts  sometimes  results  with- 
out suppuration,  febrile  reaction,  or  delay  of  any  kind. 

In  the  cases  to  which  "  secondary  excision  "  is  applied  there  may 
have  been  partial  repair,  but  sinuses  are  established  leading  to  the 
remains  of  the  joint,  and  perhaps  to  the  surface  or  interior  of  carious 
bone.  In  other  cases  steady  increase  of  symptoms  despite  c.^^efu! 
treatment  is  the  indication  for  excision.  The  object  of  excision  is  to 
open  up  the  burrowing  channels  of  local  infection,  and  to  attain  healing 
by  the  granulation  of  the  cavity  that  remains.  The  effect  of  operation 
in  some  cases  is  as  speedily  beneficial  as  in  the  removal  of  diseased  bone 
in  other  parts  away  from  joints ;  but  in  other  cases,  where  the  operation 
is  performed  on  emaciated  and  anemic  subjects,  the  risks  are  great 
though  necessary,  and  the  recovery  is  sometimes  slow. 

Late  excision  is  indicated  by  the  condition  of  the  joint  per  se,  early 
excision  often  in  adults,  and  where  thorough  treatment  is  impossible. 
The  question  of  the  selection  of  cases  for  early  excision  is  still  a  dis- 
puted point.  Some  surgeons  frequently  employ  this  measure;  others, 
almost  never.  In  certain  cases  where  the  whole  hip  region  is  involved 
and  riddled  with  sinuses,  especially  where  there  is  an  extensive  osteo- 
myelitis of  the  shaft  of  the  femur,  amputation  is  indicated.  Excellent 
as  the  results  of  late  excision  often  are,  in  some  cases  the  operation  is 
wholly  unsatisfactory. 

In  coMii  of  chronic  deformity  allendH  wiih  much  shortening,  flexion,  and  adduction, 
with  ijp-liJted  peh'is,  Robert  Jone'i  has  still  further  improved  the  treatment  bv  action  of  the 
combined  hip-  ami  knee-splints  inmiificd  as  in  the  extension  treatment  of  quickly  delerio- 
mling  early  hip-diseaie.  With  a  fine  saw  he  performs  antiseptic  osteotomy  of  the  femoral 
shnfl  very  oSliquely  about  the  great  trocbanler,  and  then  puis  up  the  limb  in  the  abducted 
position,  under  citension,  during  the  progress  of  union.  As  in  early  caries,  the  exten.sion 
is  maintained,  and  occasionally  re  .-id justed,  uotil  the  limb  is  firm  aod  strong.  Tbe  eflecl  of 
the  abducted  position  i«  to  till  the  pelvii;  down  on  (hat  side,  and  so  to  make  up  for  some  of 
the  shortening  previously  existing. 

Two  years  ago  the  writer  succeeded  admirably  in  such  a  case  in  a  man  of  thjrty-six, 
much  deformed  after  typhoid.  The  left  hip  was  ankyloscd,  adducled,  flexed,  and  rotated 
in,  the  skin  fortunately  being  unbroken,  and  the  [issues  healthy-  I  Osteotomy  of  the  femoral 
neck  was  performed  with  a  chisel  driven  Blraighl  through  the  skin  above  and  behind.  The 
limb  wa!4  put  up  under  extension  and  abduction.  The  wound  healefl  by  6rst  intention,  and 
all  deformity  was  got  rid  of  in  a  ■^Kty  few  weeks,  withimi  impairinc  the  patient's  health  in 
the  least.  In  this  case  no  special  appliance  was  used.  The  sound  side  was  fixed  in  nn 
ordinary  single  hip-spiint.  t^xtension  was  applied  after  osteotomy  oti  the  nffecled  side  by 
means  of  a  Thotnas's  knee-splint.     Abduction  wan  kept  up  by  means  of  ■  small  knee-splint 
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lied  to  each  ankle,  so  as  to  keep  them  apntl.  The  accompanying  illustration  ( Fig.  359 ) 
is  rmm  s  pholograph  taken  after  seven  weeks,  previous  10  tettiag  the  patient  up  in  a  left 
«ng[c  hip-splint,      lie  has  progressed  well  ever  since,  and  all  defonnity  is  gone. 

Where  there  is  flexion-ankylosis  or  flexion  with  adduction,  the  sub- 
trochanteric osteotomy  of  Gant  is  a!so  of  service.  Osteotomy  of  what- 
ever description  is  rarely  to  be  apphed  except  in  cases  where  there  is 
firm  ankylosis;  other  cases  are  usually  more  amenable  to  other  treat- 
ment, either  conservative  treatment  or  excision. 

Oslcomyelitis  is  sometimes  a  cause  of  hip-disease,  as  well  as  disease 
of  other  joints. 

Simple  traumatic  inflammation  of  the  hip  may  occur.  The  treat- 
ment in  Thomas's  splint  is  both  simple  and  speedy,  resulting  in  com- 
plete recovery  in  a  very  few  weeks. 


DISEASES  OF  THE  KNEE-JOINT. 

Affections  of  the  knee-joint  are  chiefly  inflammatory,  and  may  be 
anatomically  divided  into  three  classes:  i.  Synovitis;  2.  Capsular 
arthritis;  3.  Osteo-arthritis. 

Synovitis. — By  synovitis  is  usually  understood  an  effusion,  more 
or  less  hquid,  into  the  joint-cavity.  The  effusion  may  be  pure  blood, 
serum,  or  pus.  Since  pneumatic  aspiration  with  antiseptic  precautions 
has  come  into  vogue,  the  nature  of  the  effusion  can  be  harmlessly  and 
ofien  beneficially  investigated.  Effusions  of  blood  arc  commonly 
entirely  liquid,  but  sometimes  coagulate  shortly  after  issuing.  Effu- 
sions of  serum,  so-called,  also  frequently  undergo  partial  coagulation 
of  thin,  yellowish  fibrin.  Effusions  of  pus,  promptly  withdrawn  by 
aspiration,  after  efficient  fixation  in  the  straight  line,  are  sometimes 
cured  after  one  or  more,  sometimes  very  few,  tappings.  The  bac- 
teriological examination  of  the  pus  shows  micrococci,  indicating  the 
character  of  the  inflammation,  which  may  be  pyemic  or  gonorrheal. 
The  differential  study  of  these  conditions  is  favored,  and  the  tre.itment 
often  expedited,  by  merely  tapping ;  in  fact,  much  clinical  light  is  thrown 
upon  the  effusions  into  the  knee  by  tapping.  In  aspirating  joints  the  trocar 
should  not  be  smaller  than  a  No,  2  or  3  catheter  (English  scale),  and  may 
be  required  as  large  as  a  No.  4  or  5  or  larger  for  some  purpose-;.  Effu- 
sions into  the  knee  are  easily  seen  and  felt  by  the  bulging  of  the  joint- 
cavity,  everywhere  in  some  cases,  but  frequently  in  the  suprapatellar 
region  alone.  This  condition  may  exist  without  severe  symptoms,  com- 
ing on  gradually  and  almost  imperceptibly  at  times,  and  then  causing 
no  more  inconvenience  than  a  weakening  of  the  knee  and  diminished 
tctivitj'  of  the  limb;  but  in  other  cases  severe  pain  and  total  disablc- 
nient  are  conspicuous,  with  or  without  acute  fever.  Synovitis  may  be 
caused  by  a  sprain,  when  it  may  come  on  immediatelj'  or  after  a  few 
hours,  by  acute  or  chronic  rheumatism,  gonorrheal  rheumatism,  or 
tubercular  inflammation.  It  may  also  be  set  up  by  the  irritation  due 
to  popliteal  aneurysm.  When  resulting  from  sprain  or  other  sudden 
injury,  the  fluid  effused  may  be  pure  blood,  but  is  usually  serous.  The 
joint  in  synovitis  may  or  may  not  be  painful,  tender,  and  disabled,  and 
the  patella  separated  from  the  femup  by  effusion. 

Many  cases  of  synovitis  of  the  knee  tend  to  recur  persistently,  even 
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where  they  cannot  fairly  be  called  chronic.  In  some  of  these  cases 
the  underlying  condition  is  a  stretched  capsule  resulting  from  the  first 
attack,  often  associated  with  a  lack  of  support  from  muscles  which 
have  never  recovered  fully  from  the  atrophy  occurring  with  even  acute 
synovitis.  In  other  cases  a  slipping  patella  is  the  cause,  and  calls  for 
appropriate  treatment,  either  by  protective  apparatus  or,  if  obstinate, 
by  an  operation  to  take  up  slack  on  the  inner  side  of  the  capsule.  In 
other  cases,  however,  more  common  than  either  of  these  conditions, 
we  have  to  deal  with  luxations  of  the  semilunar  cartilages.  This  con- 
dition i.s  important,  not  only  from  its  relatively  common  occurrence, 
but  from  the  frequency  with  which  it  is  overlooked.  In  a  knee  where 
either  cartilage  has  once  been  luxated  a  slipping  may  occur  on  the  slight- 
est provocation,  and  may  give  rise  to  severe  synovitis.  If  the  cartilage 
be  still  displaced  (evidenced  by  a  painful  "  locking  "  of  the  knee  when 
full  extension  is  attempted),  it  is  possible  to  reduce  it  by  the  classical 
method:  flexion  and  traction,  rotation  and  extension;  but  even  after 
entire  subsidence  of  the  acute  symptoms  the  trouble  is  likely  to  recur, 
and  may  eventually  necessitate  removal  of  the  offending  cartilage. 

Some  cases  of  synovia!  effusion  are  apparently  of  syphilitic  origin. 
It  has  been  asserted  that  "  symmetrical  synovitis  "  of  the  knees  in 
young  persons  is  often  to  be  accepted  as  evidence  of  inherited  syphilis. 
Be  this  as  it  may,  the  writer  has  met  with  obstinate  synovitis  where  a 
history  of  syphilis  has  existed,  and  where  thickening  of  the  capsule 
and  chronic  orchitis,  suggestive  of  gummatous  enlargement,  have 
yielded  to  antisyphilitic  medication.  The  evidences  of  syphilis  in 
cases  of  synovitis  are,  in  the  opinion  and  experience  of  the  writer, 
both  rare  and  difficult  to  prove;  but  they  would  appear  at  any  rate 
to  be  met  with  occasionally. 

Attacks  of  synovitis,  with  or  without  the  thickening  that  indicates 
general  capsular  arthritis,  are  not  infrequently  found  associated  with  a 
present  gonorrhea  or  gleet,  or  a  history  of  a  recent  attack.  Such  cases 
well  fixed  in  a  proper  splint  may  be  rapidly  relieved,  but  if  not,  it  is 
well  to  perform  aspiration  after  fixing  the  hmb.  If  the  temperature  is 
raised,  suppuration  may  be  suspected,  and  by  this  operation  readily 
found.  The  number  of  tappings  depends  upon  the  effect.  One,  two, 
or  three,  at  intervals  of  twenty-four  or  forty-eight  hours,  or  of  several 
days,  will  commonly  suffice.  The  urethral  discharge  meanwhile  should 
be  treated.  Gonorrheal  synovitis  of  the  knee  is  highly  amenable  to  tap- 
ping, and  commonly  recovers  quickly;  but  the  prognosis  must  always 
be  guarded,  as  fibrous  ankylosis  may  sometimes  occur  in  spite  of  all 
treatment.     Incision  and  joint-irrigation  have  given  some  good  results. 

In  treating  a  case  of  synovitis  it  is  important  to  keep  the  limb  rigid  and 
straight.  A  conventional  method  which  is  not  infrequently  resorted  to 
consists  in  ordering  the  patient  to  bed  and  directing  the  application  of 
fomentations  until  the  pain  ceases  or  recovery  ensues.  This  method  is 
often  a  sheer  waste  of  time.  and.  moreover,  by  delay  aggravates  an  acute 
and  often  quickly  curable  synovitis  into  a  subacute  or  indolent  chronic 
condition.  There  are  cases  of  a  rheumatic  or  gouty  character  in  which 
fresh  air,  exercise,  frugal  feeding,  and  perhaps  local  massage  are  of 
importance,  while  the  fixation  of  the  joint  is  not.  Ordinarily,  fixation 
on  a  splint,  with  some  compression,  is  neces.sary. 
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As  regards  the  splint,  the  most  effectual  of  all  is  Thomas's  knee- 
splint  made  of  iron  rod.  The  variety  known  as  "  bed-splint "  is  appli- 
cable to  either  limb,  having  a  symmetrical  padded  oval  ring  embracing 
the  top  of  the  thigh,  and  a  bar  down  each  side  of  the  hmb,  extending 
below  the  fool,  where  the  bars  are  connected.  For  patients  walking 
about,  the  splint  is  made  shorter  and  the  side  bars  are  disconnected 
below,  but  each  is  turned  toward  its  fellow  and  made  to  clip  in  a  hole 
in  the  heel  of  the  boot.  In  that  form  it  is  called  the  "calliper." 
Another  form  of  "walking  splint"  (Fig.  361)  is  slightly  different  from 
each  of  these  in  its  lower  end,  which 
projects  beyond  the  foot  and  ends  in  a 
■■  patten "  or  ring  which  rests  on  the 
ground.  Attached  to  the  boot  on  the 
sound  side  is  another  patten,  to  equalize 
the  length  of  the  two  limbs.  In  this 
fashion  children  and  young  people  can 
walk  without  bearing  anj'  weight  on  the 
diseased  limb,  which  hangs  suspended 
in  the  iron  frame  that  bears  the  weight, 
as  the  patient  sits  on  the  upper  oval 
ring.  In  severe  and  many  other  cases 
the  use  of  Thomas's  splint  in  one  form 
or  the  other  enables  the  surgeon  to  suc- 
ceed where  othenvise  the  joint  would 
go  on  to  destruction.  In  simple  trau- 
matic cases  a  simple  knee-splint  will 
suffice. 

Where  the  tenderness  and  disable- 
ment are  not  great,  and  the  patient  can 
be  made  to  understand  the  utility  and 
importance  of  voluntarily  keeping  the 
hmb  stiff  and  straight,  the  joint  may  be 
iixed  with  wide  strapping  from  the  mid- 
dle of  the  calf  to  the  middle  of  the  thigh. 

For  ihis  purpnse  also  sheets  of  brown  paper 
spread  with  a  mixture  □(  pitch  and  resin,  thinned 
with  bcniolin.  mike  very  useful  plasiuring  material, 
which  can  be  appticil  in  strips  (rom  3  to  5  inches 
wide.  The  resuU  is  an  adhesive.  Brtn,  light  casing, 
having  a  neat  cuteritir,  thai  can  be  readily  torn  off 
when  chnnped  <*r  discontinueil. 

Capsular  Arthritis. — Capsular  ar- 
thritis is  a  general  inflammation  of  the 
capsule,  and  may  occur  in  cases  of  sprain 
or  other  injury,  with  or  without  synovial 
effusion.  The  peculiarity  about  capsular 
arthritis  is  that  evidently  the  capsule  is 
aflected  by  the  inflammation  and  is 
thickened  thereby,  whereas  in  synovitis 
there  is  effu.sion  without  such  participa- 
tion and  thickening.  Tubercular  arthritis  is  usually  of  this  kind, 
though   practically  always  the   primary  focus  is  in  the  bones,      In 


Frii.  361,— Photograph  made  for  H. 
(.1  Thomas  in  1871;,  showinK  his  knue- 
nplinl  wrtli  sfjuure  end  Compensating 
pulien  on  opposite  foot.  The  "  patten 
cnil"  of  the  splint  has  been  used  atoce 
tliBl  dale. 
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some  cases  a  swelling  occurs  in  some  comer  of  the  joint,  protruding 
the  skin,  and  giving  to  the  finger  a  feeling  of  elasticity,  so  much  so 
thai  aspiration  or  incision  may  be  practised  in  the  hope  of  letting  out 
fluid,  sometimes  with  and  at  other  times  without  such  issue.  Ana- 
tontical  and  surgical  experience  show  that  in  tubercular  infection  there 
may  l>e  any  decree  of  local  or  general  edema,  puffiness,  swelling,  in 
the  dcplhs  of  which  may  be  miliar>-  tubercles,  gelatinous  edema,  granu- 
lation tissue,  patches  of  necrotic  caseation,  or  suppuration.  Such 
swelling  often  comes  on  slowly,  painles.sly,  and  without  the  collective 
attributes  of  acute  inflammation,  for  which  reason  no  doubt  the  old 
term    "while  swelling"  was  naturally  applied  to  it 

Traatment. — A  case  of  early  arthritis  of  this  kind  may  sometimes 
rapidly  impnivc  if  the  joint  be  fixed  and  the  paticnt*s  weight  be  taken 
<m  it  bv  the  use  of  the  longer  u-alking  splint  with  patten  end  and  addi- 
tkMVtl  siuiit  jMttcn  on  the  of^wsite  fooL  The  need  for  careful  fixation 
by  Thomas's  splint  is  indicated  in  capsular  arthritis,  which  itself  may 
come  on  in  aggravate*!  synovitis  that  docs  not  >-ield  at  first  to  treat- j 
mcttL  After  recox-ery  and  discontinuance  of  the  splint,  sj-noMtis  may 
occur  in  the  jwnt.  and  disappear  again  on  resuming  the  splint.  Socnc- 
timcs  the  inflammation  is  "  gummatous,"  and  will  j-idd  to  rest  and  mcr- 
cwnl  medicatitwi  vtHth  or  w-ithout  potassium  iocfid ;  k  may  be  added, 
«j^  or  without  a  splint. 

OttetHlurtkritlS. — ^"Osteo-aitbiitis"  or  **  articular  osteitis  "  occurs 
in  the  tubercular  process  which  first  aflccts  tlic  growing  ends  of 
bone  and  then  implicates  tbc  at^accnt  jottL  Tbov  may  be  con-^ 
tmuous  dull  or  c^xn  sewre  {nan  in  tbc  aAectcd  booc,  and  abscess 
may  f>rm  outade  or  voce  iarode  the  joinL  Cbtco-arthritis  may  also 
occw  in  assocation  wM  aciMC.  arod  opcciiJtf  with  cteooic.  oeteomyv* 
iti^  the  htler  of  whiA.  ftwB  its  sfcw  aad  dfcen  fwtos  pmt;irs&.  may* 
dosclr  smmUlc  dK  afveHMKs  of  tabeide. 

TwWttr.^— The  ensteaceof  art«M»Mms  "Nm  r  i  *  ia  the  i^erior  of 
the  fewir  «r  iftn,  «t  the  lawe,  mn-  be  jQemfcid  «tt  a  ^imilir  adniff|| 
th*  IS  mdi:tiBemthiJbU  fcom  thu  of  oaofe,  m  boA  of  w*ich  «fac»ses 
thefemayhe«o<thewio»iasiae  Jariag  Aepcriedof  iihiii  aiiMi     In 
Whcr  Ckscx  of  CMMfS  duft  grtv  wag- aadi  bvsl  arts  lhc|aiM.therc  maf  J 
he  — ir  rf  the  afpwwMces  <<".Lhiiiak  white  swJag.   Thcvoy) 
bgr  Yhomas^  s^faM  to  a 


toayc^  ac»e 
wrtcfv  ^nMf^  oan*  i .  . . 
se«r*el 

laacaMltA«»c<»i 
«r«ichBiie«iiti« 

V<ie  Jiiiwm  rf 
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symmetrical  and  oval,  as  in  typical  white  swelling.  The  conditions  are 
most  apt  to  be  confounded  when  the  hWelihood  of  tumor  is  overlooked, 
so  that  a  careful  analysis  of  the  conditions  will  commonly  result  in  a 
correct  diagnosis. 

Treatment  of  Knee-joint  Disease. — The  treatment  should  be 
mechanical  in  the  vast  majority  of  conditions.  In  synovitis,  whatever 
be  the  cause,  mechanical  treatment  is  called  for  at  once.  If  acute  and 
disabling,  the  patient  must  be  kept  in  bed.  In  tht  absence  of  the  best 
kind  of  splint,  excellent  fixation  may  be  attained  Jn  bed  by  a  variety  of 
temporary  expedients,  such  as  canes,  strips  of  wood,  or  other  articles 
of  sufficient  length,  firmly  bound  to  the  limb  over  a  suitable  padding 
of  cotton  wadding  or  thickly  folded. sheeting.  Such  temporary  expedi- 
ents are  enough  sometimes  to  keep  the  limb  at  rest  while  the  patient 
sits  or  even  walks  about ;  but  the  appliance  in  which  efficient  fixation 
can  be  most  easily  and  securely  attained  is  Thomas's  splint. 

Whether  a  case  be  treated  in  bed  or  going  about  must  depend  upon 
the  sensitiveness  and  the  circumstances  of  the  patient.  As  a  rule,  in 
synovitis  he  can  bear  his  weight  on  the  limb  when  fixed  straight,  and 
sometimes  in  capsular  arthritis  also.  For  this  reason  it  is  seldom  neces- 
sary to  have  Thomas's  splint  longer  than  the  hmb  in  cases  of  this  kind. 
At  first  Thomas  took  the  weight  off  the  knee  in  all  cases,  but  afterward 
he  simply  fixed  the  joint  in  synovitis,  and  eventually  found  increased 
use  for  the  calliper  splint  in  mild  cases  of  capsular  arthriti.s,  many  cases 
recovering,  after  previous  use  of  the  longer  splint,  with  compensating 
patten  on  the  other  foot.  It  is,  moreover,  possible  to  take  the  weight 
of  the  body  from  the  affected  limb  in  walking  by  merely  making  the 
calliper  splint  of  full  Ungth.  The  ischial  region  then  rests  on  the 
top  ring,  on  which  most  of  the  body's  weight  is  then  borne  at  each 
step. 

It  is  not  to  be  supposed  that  all  cases  of  synovitis  can  be  cured 
with  perfect  mechanical  treatment,  even  when  supplemented  by 
aspiration.  Cases  of  suppuration  may  require  incision.  Some  are  so 
virulent  that  total  destruction  of  the  joint  results,  and  amputation  is 
required  to  save  life.  Others  go  on  to  firm  ankylosis  of  the  joint,  in 
spite  of  all  attempts  at  antiseptic  management.  These  arc  usually  cases 
of  peculiar  infection,  not  limited  to  suppuration,  but  attended  also  with 
necrosis  of  connective  tissue.  They  may  be  idiopathic  or  traumatic. 
In  the  former  event,  broken-down  constitutions  are  commonly  a 
favoring  condition  ;  in  the  latter,  wound  of  the  knee-joint,  imperfectly 
investigated  or  otherwise  subjected  to  mixed  infection.  When  once 
obstinate  suppuration  of  the  knee-joint  is  established,  ankylosis  is 
almost  certain  to  result  if  the  patient  and  the  limb  survive.  In  punct- 
ure or  other  wound  of  the  knee-joint,  and  more  especially  if  that  event 
be  merely  susjwctcd,  the  only  wise  course  is  to  explore  the  wound 
under  an  anesthetic,  carefully  fix  the  limb  straight,  and  apply  an  anti- 
septic dressing  to  the  part,  preferably  without  closing  the  wound. 

Sometimes,  in  chronic  synovitis  without  suppuration,  free  incision  of 
the  joint  is  required.  Such  operation  is  not  to  be  lightly  undertaken, 
and  only  after  proper  arrangements  for  antiseptic  management,  and 
the  most  careful  adjustment  of  the  splint,  which  for  this  and  ail  the 
other  purposes  of  exactitude  should  be  that  of  Thomas. 


732 


INTERNATIONAL    TEXT-BOOK  OF  SURGBRV. 


Cases  of  tubercular  arthritis  can  with  advantage  be  mechanically 
treated  in  Thomas's  splint  at  first,  and  in  the  early  stages  with  bed  treat- 
ment as  well.  Many  cases  do  tolerably  well  with  simple  fixation  \\\  a 
p las ter-of- Paris  bandage,  but  this  is  not  an  advisable  treatment.  The 
usual  ambulatory  treatment  should  be  by  the  long  Thomas  splint, 
preferably  supplemented  by  a  light  plaster- of- Paris  bandage  which 
prevents  flexion.  Traction  may  be  applied  as  in  hip  cases,  by  means 
of  adhesive  plaster  strips,  which  in  this  case  should  not  extend  above 
the  knee.  Traction  does  not  seem,  however,  to  be  as  essential  in 
the  treatment  of  the  knee  as  it  is  in  hip-disease.  The  high  sole 
and  crutches  should  always  be  used  till  the  convalescent  stage  is 
reached.  Slight  cases,  especially  Jn  children,  yield  remarkably  well, 
and  often  get  quite  sound  ;  but  in  the  event  of  absce.ss  the  case  is  differ- 
ent. Even  then,  in  children,  sound  healing  may  occur  after  bursting  or 
incision.  The  healing  is  sometimes  spontaneous  without  any  attempt  at 
antiseptic  dressing;  but  in  spite  of  this  the  dressing  should  be  used 
whenever  the  condition  is  known  to  exist.  In  adolescents  or  adults  it 
often  happens  that  abscess  forms  in  one  corner  or  other  of  the  joint, 
and  it  is  well  in  such  cases  to  ascertain  quickly  whether  or  not  the 
abscess  comes  from  the  joint,  and  to  perform  excision  early,  before 
secondary  suppuration  has  occurred.  It  is  useless  to  temporize  with 
tubercular  arthritis  in  adults  or  adolescents  when  suppuration  exists  or 
when  the  articular  surfaces  are  eroded.  Even  in  the  absence  of  suppura- 
tion, a  puiTy,  pulpy  synovitis,  unless  di.stinctly  relieved  by  mechanical 
treatment  and  evidently  diminishing,  should  be  submitted  to  opera- 
tion by  excision  or  amputation.  In  children,  however,  mechanical  treat- 
ment may  well  be  long  persisted  in.  When  improvement  occurs,  the 
rule  is  that  the  splint  with  the  patten  and  the  high  sole  on  the  sound 
foot  be  worn  till  reflex  spasm  disappears,  then  supplanted  by  the 
calliper  splint  during  the  long  period  of  protection  which  is  necessary 
here  as  in  hip  cases. 

Not  infrequently,  even  with  fair  treatment,  some  flexion  of  the  knee 
results,  and  in  the  less  successful  cases  subluxation  of  the  tibia  back- 
ward may  occur.  For  this  reason  reduction  of  flexion-deformity  in  the 
knee,  especially  in  the  later  cases,  is  difficult,  and,  where  forcible  reduc- 
tion is  advisable,  special  apparatus  is  neccs.sary  to  correct  the  subluxa- 
tion together  with  the  flexion.  Where  actual  ankylosis  has  occurred, 
with  marked  flexion,  either  osteotomy  near  the  joint  or  excision  must 
be  resorted  to. 

Excision  of  the  Knee-joint. — In  excision  the  operation  should 
always  be  planned,  if  possible,  before  the  surface  is  broken  by  previous 
operation.  Careful  aseptic  puncture  by  aspiration  need  not  vitiate 
the  condition  most  desired  in  excision,  nor  even  exploratory  incision, 
if  performed  within  twenty-four  hours  under  stringent  antiseptic  pre- 
cautions. Having  opened  the  joint  by  a  transverse  incision  passing 
between  the  patella  and  tibia,  the  ligaments  are  divided,  and  a  .slice  sawn 
off  the  femur  and  tibia  in  the  horizontal  plane  of  the  joint,  so  as  to 
result  after  union  in  a  perfectly  straight  limb.  All  suppiirative,  caseous, 
and  tubercular  tissues  are  carefully  removed,  even  to  the  extent,  when 
necessarj-,  of  complete  dissection  away  of  the  capsule  and  of  the  whole 
of  the  patella.     After  arresting  the  hemorrhage  and  applying  copious 
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irrigation  with  hot  water,  the  bones  are  placed  together,  the  integu- 
ments closed  by  a  few  sutures,  and  the  wound  enveloped  in  carbolized 
cyanide  gauzi:.  The  writer  has  always  used  Thomas's  splint,  with  which 
the  desired  fixation  can  be  attained.  A  long,  wide,  hollow  splint  of 
sheet  iron,  moderately  padded  and  enclosed  in  mackintosh  water- 
proofing, is  laid  behind  the  limb,  from  the  top  of  the  thigh  to  the  mid- 
dle of  the  calf,  slung  to  the  bars  of  the  Thomas's  splint.  The  foot  is 
enclosed  in  antiseptic  gauze,  covered  with  plenty  of  cotton  wadding 
folded  round  it  in  long  strips,  and  bandaged  firmly  to  the  bars  of 
the  splint  in  an  easy  but  immovable  position.  The  skin  and  calf 
are  enveloped  in  similar  material,  soft  and  thick,  and  bandaged  per- 
manently to  the  splint.  For  several  inches  above  and  below  the  wound 
are  placed  dressings  of  cyanide  gauze,  which  can  be  slipped  away  and 
freshly  interposed  a  day  or  two  after  operation,  and  occasionally  after- 
ward, without  disturbing  the  general  arrangement  of  the  splint  or  the 
quiescent  attitude  of  the  limb.  Above  and  below  the  wound-dressings, 
between  the  posterior  waterproof  splint  and  the  limb,  is  placed  some 
sublimated  wood-wool  sheeting,  so  that  all  may  be  comfortable  and 
free  from  damp,  or  in  a  position  to  dry  readily  by  evaporation.  When 
the  conditions  are  favorable,  good  healing  of  soft  parts  and  firm  union 
of  bone  quickly  occur.  Sometimes  a  stitch-abscess  or  even  a  tubercu- 
lar granulation  or  abscess  may  form,  without  detriment  or  serious  delay, 
and  can,  if  necessary,  be  dealt  with  by  a  minor  excision  or  scraping. 
But  the  rule  is  quick  recovery,  very  like  what  occurs  in  a  well-con- 
ducted aseptic  compound  fracture,  with  even  no  more  disturbance  than 
occurs  in  simple  fracture.  In  emaciated  adults  having  profuse  sup- 
puration or  septic  sinuses  connected  with  the  knee-joint,  it  is  com- 
monly safer  to  resort  to  amputation.  Even  here  amputation  should  not 
always  be  done,  and  the  writer  has  succeeded  with  excision  when  the 
risk  of  failure  or  even  death  was  encountered.  In  such  cases  months 
instead  of  weeks  may  be  required  for  the  necessary  heahng,  and  the 
expected  risk  should  not  often  be  faced  except  at  the  urgent  request 
of  the  patient,  and  with  a  reasonable  expectation  of  success. 

The  abject  of  excision  is  to  get  rid  of  the  tubercular  or  other 
inflammatory  process;  and  as  this  cannot  be  done  while  retaining  the 
surfaces  and  movements  of  the  joint,  some  bone  has  to  be  removed, 
even  if  not  actually  diseased,  in  order  to  bring  about  the  most  favor- 
able and  durable  ankylo.sis.  Even  when  the  bone-surfaces  are  involved, 
it  is  only  superficially,  as  a  rule,  and  no  more  than  a  thin  slice  has 
usually  to  be  removed.  Excision  is  also  required  sometimes  in  order 
to  straighten  a  hmb  ankylosed  in  the  flexed  position,  although  oste- 
otomy is  usually  possible,  with  good  results. 
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Synovitis  may  occur  from  a  simple  sprain,  and  in  milder  cases,  if 
treated  immediately  by  strapping  and  bandage  as  employed  by  Pagan 
Lowe  of  Bath,  will  recover  more  or  less  quickly,  under  certain  condi- 
tions, without  confinement  to  bed.  In  severe  cases  more  complete  rest 
in  plaster,  u.sually  in  bed  as  well,  is  necessary  to  speedy  repair  A 
neglected  sprain   of  the  ankle  may  be  a  most  tedious  affair,  and  in 
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delicate  persons  may  go  on  to  tubercular  arthritis,  suppuration,  and 
fatal  phthisis,  or  in  other  cases  to  destruction  of  the  joint  and  the 
necessity  of  amputation. 

Certain  cases  of  acute  or  subacute  arthritis  of  the  ankle  are  of 
gonorrheal  origin,  and  are  remedied  by  early  fixation  in  a  suitable 
splint. 

Tuberculosis  of  the  ankle  is  usually  primary,  and,  save  in  the  case 
of  the  OS  calcis,  the  process  rapidly  involves  the  whole  tarsus,  Karly 
tubercular  arthritis  of  the  ankle,  without  suppuration,  may  be  fittingly 
treated  by  Thomas's  skeleton  splint  of  iron  rod  reaching  up  to  the  calf, 
or  by  a  plaster-of- Paris  bandage.  The  addition  of  Thomas's  knee-splint, 
for  progression,  is  an  invaluable  help.  The  writer  has  no  experience  of 
excision  of  the  ankle-joint,  having  treated  advanced  cases  by  amputation, 
either  above  or  at  the  articulation.  The  operation  of  excision  should, 
however,  be  considered,  and,  especially  in  children,  has  given  good  func- 
tional results.  The  time  required  for  after-treatment  is  long,  and  in  chil- 
dren it  is  more  often  justifiable  to  undertake  a  long  course  of  treatment 
than  in  adults.  Enough  good  resulLs  from  excision  in  children  have  been 
reported  to  make  the  operation  distinctly  worth  while  in  suitable  cases. 
In  adults  amputation  should  be  the  usual  resort  in  advanced  tubercular 
disease  of  the  ankle-joint.  In  differential  diagnosis  arthritis  deformans, 
flat-foot,  and  the  other  static  disorders  are  especially  to  be  considered. 

DISEASES  OF  THE  SHOULDER-JOINT. 

Disease  of  the  shoulder-joint  seldom  takes  the  form  of  synovitis. 
Whether  it  be  that  the  joint  is  not  ordinarily  capable  of  much  disten- 
tion (it  has  been  supposed  that  the  capsule  easily  gives  way  where  the 
biceps  tendon  traverses  it,  and  lets  fluid  escape  into  the  surrounding 
tissues),  or  whatever  be  the  explanation,  inflammation  of  the  shoulder 
is  hardly  ever  attended  by  fluid  distention. 

Sprain  of  the  Shoulder. — Puffy  edema  in  sprain  or  arthritis  of 
the  shoulder  may  easily  occur,  and  is  not  to  be  mistaken  for  synovial 
effusion.  In  the  examination  of  an  injured  shoulder  or  upper  arm  it 
is  often  advantageous  to  examine  in  narcosis;  if  this  is  not  done,  it 
is  of  great  practical  assistance  to  the  surgeon  and  a  comfort  to  the 
patient,  after  stripping,  to  flex  the  elbow  and  sling  the  wrist  to  the 
neck,  for  which  purpose  a  folded  handkerchief  or  other  triangular 
bandage  is  the  most  handy.  The  weight  of  the  forearm  is  thus 
transferred  to  the  neck,  and  taken  off  the  upper  arm  and  shoulder, 
which  latter  parts  arc  then  most  easily  and  painlessly  examined. 
With  one  hand  on  the  shoulder  and  the  other  holding  the  elbow, 
gentle  movement  can  be  made  to  distinguish  between  fracture  of 
the  clavicle  or  upper  end  of  the  humerus  and  sprained  shoulder. 
In  the  latter  affection  creaking  of  the  capsule  may  give  a  sensa- 
tion something  hke  crepitus.  In  the  treatment  of  sprained  shoulder 
the  po.sition  just  described  for  the  examination  is  continued  till  the 
part  is  weJl,  the  wrist  being  slung  to  the  neck  at  a  convenient  height 
and  the  arm  strictly  confined  to  the  body  by  a  wide  bandage  around 
both  arm  and  body,  immediately  above  the  elbow.  This  prevents 
movement  in  the  shoulder-joint,  which  must  further  be  protected  from 
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pressure  by  keeping  the  patient  from  lying  on  it  when  in  bed.  A  few 
strips  of  plaster  may  be  laid  on  the  shoulder,  in  the  event  of  great  ten- 
derness, both  horizontally  and  vertically.  This  will  fix  the  skin  and 
help  to  secure  comfort  and  rest.  There  is  no  need  of  any  splint  or 
casing  of  leatlier,  gutta-percha,  or  mill-board,  as  all  the  necessary  pro- 
tection can  be  quickly  applied  in  the  form  of  many  strips  of  plaster. 
If  these  be  made  of  brown  paper  rendered  adhesive  by  a  solution  of 
pitch  in  benzolin,  the  skin  is  kept  aseptic  and  free  from  much  itching. 
To  cool  the  shoulder,  moreover,  the  paper  plaster  may  be  moistened 
after  application,  with  grateful  effect.  In  chronic  inflammation  of  the 
shoulder-joint  there  is  more  or  less  tenderness,  but  especially  stiffness. 
recognizable  from  behind  on  passive  abduction  of  the  elbow  while  the 
wrist  is  slung  to  the  neck.  In  proportion  to  the  stiffness,  the  scapula 
moves  with  the  upper  limb  in  abduction;  but  during  the  progress 
to  recovery  the  amount  of  this  stiffness  gradually  dimini.shes.  In 
neglected  or  obstinate  cases  the  flexed  and  slung  Hmb  has  to  be  tied 
up  against  the  trunk  for  months,  but  may  often  be  got  well  with  per- 
severance.    In  some  cases  passive  motion  is  of  great  value. 

Arthritis  of  the  shoulder  in  cases  of  tubercle  or  osteomyelitis  is 
frequently  attended  with  abscess,  which  may  burst  and  leave  sinuses, 
commonly  opening  before  or  behind  the  surgical  neck  of  the  humerus. 
Operation  in  these  cases  should  be  strictly  limited  to  the  necessities  of 
the  case.  After  incision,  necrosed  or  carious  bone  can  be  dealt  with 
in  osteomyelitis  by  removal  of  sequestra  or  gouging  of  surface,  with- 
out interfering  with  the  articulation  in  everj-  case.  Such  cases  may  at 
first  be  easily  mistaken  for  tubercle,  and  they  sometimes  cause  surprise 
at  their  quick  and  easy  recovery.  But  whether  in  osteomyelitis  or 
tubercle,  if  septic  sinuses  communicate  with  the  joint,  and  the  artic- 
ular surfaces  of  the  bones  be  eroded,  it  is  best  to  turn  out  the 
head  of  the  humerus  and  remove  it  by  excision.  A  vertical  incision 
on  the  front  of  the  joint  is  the  best ;  but  the  position  of  sinuses  may 
dictate  a  different  direction  in  which  to  open  the  joint,  such  as  the 
older-fashioned  deltoid  flap  raised  up  from  below,  or  some  other  that 
the  exigencies  of  the  case  may  suggest.  During  the  healing  of  the 
wound  the  limb  should'be  slung  as  above  described.  This  device,  in 
cases  not  requiring  operation,  was  practised  by  the  late  H.  O.  Thomas. 

In  acute  rhenmatisin,  transitorj-  inflammation  and  pain  in  the 
shoulder-joint  occur,  but  t!ie  recumbent  position,  without  appliance, 
is  commonly  sufllicient  for  the  needs  of  this  particular  joint. 


DISEASES  OF  THE  ELBOW-JMNT. 

Sprain. — The  elbow-Joint  is  frequently  sprained  by  falling  and 
otherwise.  The  result  is  pain,  heat,  swelling,  and  disablement,  the 
characteristic  symptoms  of  inflammation.  Synovial  effusion  may 
sometimes  occur,  and  the  writer  has  seen  it  in  chronic  inflamma- 
tion. The  moment  an  elbow  becomes  acutely  inflamed,  the  pain  ham- 
pers the  movement  and  seriously  incommodes  the  patient.  If  laid 
in  bed  on  a  pillow,  the  painful  limb  is  disturbed  at  each  change  of 
position.  If  conventional  routine  treatment  be  adopted  and  fomenta- 
tions applied,  without  the  simple  precaution  of  fixing  the  limb  in  an 
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immovable  easy  position,  days  may  be  spent  in  "taking    down  the] 
swelling,"  as  this  process  is  called.   The  best  plan  is  to  strip  the  patient  | 
to  the  waist  and  sling  the  arm  to  the  side,  with  the  wrist  firmly  and  j 
comfortably  attached  to  the  neck  by  a  soft  folded  handkerchief  or  other 
form  of  triangular  bandage.     If  attended  to  immediately  after  injury,  a 
rectangular  position  or  flexion  to  a  smaller  angle  may  be  found  a  speedy 
relief;  and  iflhere  is  no  fracture,  all  that  is  required  is  to  continue  this  atti- 
tude without  change,  applying  the  clothing  as  may  be  most  convenient  ] 
over  the  limb  thus  fixed  to  the  body.    If  in  addition,  fomentations  be  ap- 
plied, well  and  good ;  but  if  the  limb  has  been  hanging  straight  or  at  an 
obtuse  angle  for  many  hours,  the  attainment  of  the  flexed  position  will  | 
be  painful  at  first.     It  can  usually,  however,  be  sufficiently  bent,  by 
gradual  and  gentle  manipulation  for  a  few  minutes,  to  attach  the  wrist 
to  the  neck  and  keep  the  limb  against  the  trunk.     This  secures  a  posi- 
tion of  rest  which  can  be  maintained  at  a  right  angle  or  lesser  angle 
pending  recovery.     No  splint  is  required,  nor  would  a  splint  be  capable  , 
of  attaining  anything  like  the  accuracy  and  comfort  of  the  mere  sling,  ' 

In  the  progress  to  recovery  the  arm  at  first  continues  disabled,  and 
when  freed  from  the  sling  tends  to  drop  helplessly  unless  supported 
by  the  other  limb  or  by  another  person.  By  degrees,  however,  the 
elbow  can  be  held  unsupported  at  the  angle  at  which  it  has  been  slung, 
and  eventually  it  can  be  flexed  to  less  than  a  right  angle.  This  is  a 
test  of  approaching  fitness  for  use. 

Arthritis. — An  ordinary  sprain  may  develop  into  a  subacute  or 
chronic  arthritis,  especially  in  tubercular  persons,  if  left  to  itself,  or  to  the 
comparatively  perfunctory  assistance  of  fomentations,  without  mechanical 
help.  Such  arthritis  may  recover  completely  after  due  employment  of 
rest  in  the  slung  flexed  position  ;  but  in  tubercle  a  pulpy  condition  of 
the  capsule  may  result,  with  or  without  masses  of  granulations  or  ab- 
scess. A  condition  of  "  white  swelling  "  of  the  eibow,  with  emaciation 
of  the  limb  above  and  below,  is  typical  of  the  advanced  tuber- 
cular change,  and,  save  in  young  children,  there  is  no  advantageous 
treatment  for  this,  short  of  excision.  A  linear  incision  behind  the 
joint,  with  dissection  of  the  soft  parts  of  the  bones  right  and  left,  care 
being  taken  to  keep  close  to  the  inner  condyle,  and  to  lift  off  the 
ulnar  nerve  intact  with  the  other  soft  parts  after  separation  of  the  liga- 
ments, leads  to  exposure  of  the  articular  ends  of  the  bones,  which  can 
now  be  sawn  ofi"  beyond  the  cartilages.  All  tubercular  soft  parts 
should  be  carefully  dissected  away,  or  scraped  with  a  sharp  spoon, 
whichever  more  effectually  answers  the  purpose  at  each  locality.  The 
temi  " arthrectomy  "  is  sometimes  applied  to  this  part  of  the  process; 
but  the  object  desired  is  not  necessarily  removal  of  all  the  articular 
structures  so  much  as  the  removal  of  all  tissues  visibly  affected  by  the 
tubercular  process.  Caseous  and  granulation  masses  can  be  easily 
.scraped  away  with  the  sharp  spoon,  but  capsular  and  other  fibrous  tis- 
sues containing  miliary  tubercles  require  dissection.  After  arresting 
the  hemorrhage  and  irrigating  well  with  hot  water,  a  few  sutures  are 
put  in,  and  the  limb  placed  in  a  proper  position  to  receive  the  dressings. 
The  writer  always  ties  the  wrist  to  the  neck  with  a  triangular  bandage, 
the  elbow,  however,  being  flexed  at  a  right  angle,  or  even  a  smaller 
angle,  in  which  position  the  part  is  enveloped  in  carbolized  cyanide 
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gauze  bandaged  on.  The  cflect  of  this  position  is  to  keep  the  limb  in 
contact  with  the  trunk.  Wherever  the  body  goes,  the  limb  goes  with 
it,  and  the  comfort  of  the  patient  is  promoted ;  or  in  othtr  words,  any 
discomfort  attending  the  operation  is  reduced  to  a  minimum.  The 
writer  is  opposed  to  the  use  of  a  splint,  or  to  laying  the  limb  on  a 
pillow  "  at  an  obtuse  angle  "  after  excision  of  the  elbow.  By  slinging 
the  wrist  to  the  neck  and  the  arm  to  the  side,  the  pain  and  tenderness 
resulting  from  the  wound  are  quickly  got  rid  of,  and  the  patient 
enabled  to  get  up  in  a  much  shorter  time  than  would  otherwise  be  the 
case.  The  number  of  days  or  hours  of  confinement  to  bed  varies 
with  each  case,  but  the  writer  has  had  patients  able  to  be  up  and 
about  the  day  after  excision,  though  commonly  a  day  or  two  more 
elapses  before  this  event.  There  seems  to  be  no  need  to  trouble  tlie 
patient  to  submit  to  "  passive  movement "  of  the  elbow.  It  is  sufficient 
at  first  to  keep  the  wound  at  rest  for  healing  purposes.  But  the  posi- 
tion of  the  limb  may  be  slightly  changed  after  a  week  or  two,  alterna- 
ting between  a  right  angle  and  a  more  acute  angle.  In  the  opinion  of 
the  writer,  it  is  quite  time  enough  to  accustom  the  elbow  to  slight 
changes  of  position  when  the  healing  is  either  completed  or  well 
advanced.  Primary  union  may  occur  throughout  if  the  circumstances 
are  favorable,  or,  as  a  rule,  in  the  greater  part  of  the  wound  at  least; 
but  if  not.  each  event  will  be  dealt  with  as  its  circumstances  require. 
After  healing,  fresh  tubercle  may  develop  here  or  there,  and  must  be 
cut  out  if  manifested.  No  case  should  be  dismissed  or  lost  sight  of 
until  completely  healed;  and  any  delay  in  the  healing  should  be 
promptly  treated  by  exploration,  excision,  scraping,  or  other  antiseptic 
management. 

Excision  may  be  required  for  septic  arthritis  with  sinuses  following 
injury,  for  ankylosis,  or  for  bad  union  or  non-union  of  fractures  at  or 
near  the  elbow-joint.  In  some  cases,  especially  where  the  surface  is 
unbroken,  opportunity  arises  for  modifying  the  details  of  operation  in 
the  interest  of  the  patient  and  to  the  mechanical  advantage  of  the  limb. 
Such  a  case  occurred  to  the  writer  two  years  ago.  in  which  a  stiff  ex- 
tended elbow  following  a  fracture  of  the  outer  condyle  of  the  humerus 
into  the  joint  was  submitted  to  excision.  The  broken  and  ununited 
outer  condyle  was  cut  away  with  the  knife,  a  thin  slice  only  being 
removed  from  the  head  of  the  radius,  so  as  to  retain  the  orbicular  liga- 
ment; the  ulna,  after  removal  of  the  olecranon,  articulated  opportunely 
with  the  broken  outer  side  of  the  inner  condyle,  where  it  found  good 
support;  a  strong  and  greatly  thickened  anterior  ligament  of  the  joint 
formed  a  bond  of  union  which  was  gladly  left  alone,  and  the  result  was 
admirable  mobility  and  strength  of  elbow  after  a  very  quick  healing. 
The  patient,  a  member  of  the  civil  service  who  had  come  home  from 
India  for  treatment,  went  away  again  well  able  to  ride  and  drive,  to 
convey  food  to  his  mouth,  and.  in  fact,  to  perform  all  necessary  acts 
with  a  limb  previously  quite  useless  to  him. 

The  object  of  surgery  is  to  procure,  if  possible,  a  movable  elbow ; 
but  too  much  should  not  be  sacrificed  to  this  end.  Ankylosis  at  a 
right  angle  firm  and  strong,  though  usually  a  less  desirable  result  than 
flexibility,  is  not  necessarily  to  be  despised,  especially  if  the  latter  result 
be  attended  with  very  feeble  power  or.  what  is  worse,  an  uncontrollable 
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■'flail."  The  writer  had  once  for  a  patient  a  joiner  in  whom  the  right 
elbow  was  firmly  ankylosed  at  a  right  angle.  The  man  could  use  a  saw 
to  his  own  satisfaction,  and  was  quite  content  with  the  result — in  fact, 
did  not  desire  operation  to  procure  mobility,  which  might  easily  have 
been  attended  with  an  enfeebled  limb. 

Ill  acute  rhetimatism  the  elbows,  when  affected  consecutively,  as 
usually  happens,  are  sufficiently  protected  in  the  ordinary  attitude,  as 
the  arms  lie  on  the  bed  and  the  forearms  on  the  trunk.  No  inter- 
ference is  commonly  required,  and  the  inflammation  generally  dis- 
appears in  a  few  days. 

It  will  be  noticed  from  what  has  been  said  that  the  mechanical 
treatment  of  the  shoulder  and  elbow  differs  from  that  adopted  in  other 
joints.  In  the  hip  and  knee,  fixation  and  mechanical  rest  are  obtained 
by  splint,  in  a  straight  line.  The  same  will  be  found  to  apply  to  the 
wrist.  In  the  elbow,  the  limb  is  folded  against  the  trunk  and  slung 
there  in  the  flexed  position  of  the  joint.  In  the  shoulder,  the  same 
attitude  is  used,  and,  in  addition,  the  elbow  is  contined  to  the  side,  to 
prevent  movement  in  the  shoulder-joint 


DISEASES  OF  THE  WRIST. 

The  wri.st-joint  is  liable  to  inflammation  owing  to  sprains,  some  of 
which  are  attended  by  swelling  of  the  tendon-sheaths  around  the 
radius,  more  or  less  resembling  cases  of  CoUes'  fracture,  such  as  some- 
times occur  with  very  slight  deformity. 

Acute  Rhenmatistn. — Inflammation  of  the  wrist-joint  is  a  com- 
mon feature  in  acute  rheumatism,  and  a  source  of  great  annoyance  to 
the  patient  while  it  lasts.  The  usually  transitory  character  of  acute 
rheumatic  arthritis,  and  the  fact  that  the  other  joints  are  pretty  well  at 
re.st  as  the  patient  lies  in  bed,  have  caused  the  affection  of  the  wrists, 
during  the  few  days  that  it  lasts,  to  be  not  quite  sufficiently  noticed. 
The  late  Professor  John  Marshall  drew  the  attention  of  the  writer  to 
the  great  comfort  afforded  to  a  member  of  his  own  family  during  rheu- 
matic fever  by  promptly  supporting  the  wrists  in  suitable  splints  as 
they  became  in  turn  affected — a  practice  that  the  writer  has  since 
repeatedly  followed.  The  wrists  are  practically  the  only  joints  that 
require  surgical  treatment  in  acute  rheumatism,  and  the  contrast 
between  the  comfort  thus  attained  and  the  painful  helplessness  of  those 
lefl  alone  or  submitted  to  loose  applications  of  cotton-wool  or  the 
equally  useless  "  fomentations  "  is  too  evident,  when  witnessed,  to  need 
more  than  mere  mentimi. 

GrOnorrheal  rheumatism  of  the  wrist,  like  gonorrheal  rheuma- 
tism of  other  joints,  would  appear  to  vary  according  to  individual 
patients  and  experiences.  In  the  experience  of  the  writer,  this  affection, 
wherever  found,  has  been  usually  mild  and  eminently  amenable  to 
mechanical  treatment,  except  in  a  single  case  of  unusual  severity  affect- 
ing the  knees  and  ankles. 

Tubercular  inflammation  of  the  wrist  is  an  affection  of  very 
varying  extent  and  seveiit}'.  It  often  begins  insidiously  and  quietly, 
producing  so  little  inconvenience  that  serious  destruction  may  occur 
before  treatment,  which  might  earlier  have  been  curative,  is  ever  asked 
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for.  There  is  every  degree  between  a  slight  arthritis  and  puffy  excres- 
cences of  granulation  and  caseous  tissue  pouching  out  the  joint  at 
various  points.  When  abscess  forms  and  bursts  spontaneously,  a 
sinus  is  left.  In  middle  life  such  a  complication  requires  amputation 
of  the  forearm  (Fig.  362).     Abscess  of  the  wrist-joint  treated  with  an 


Fig.  363. — Senile  tubercle  of  the  wrist  treated  by  amputation.     Puffy  swelling  and  sinuses. 
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unbroken  surface  may  be  opened  antiseptically,  and  may  heal  without 
any  further  suppuration  at  any  age.  In  childhood  and  youth  much 
may  be  done  in  the  conservative  management  of  tubercular  inflamma- 
tion of  the  wrist  with  splints  and  antiseptic  incisions,  with  or  without 
removal  of  bone  where  diseased. 

The  mechanical  treatment  of  the  wrist  should  be  promptly 
and  thoroughly  attended  to  in  ail  cases  requiring  it.  Wtll-fitting 
splints  of  wood  or  sheet  metal,  hollowed  for  better  adaptation  to  the 
limb,  and  suitably  padded,  reaching  from  the  tips  of  the  fingers  to  a 
point  above  the  middle  of  the  forearm,  can  be  used  for  this  purpose 
both  effectually  and  neatly  when  not  bulky.  But  a  most  convenient 
splint  can  be  improvised  out  of  folded  newspaper  in  many  layers,  in 
the  form  of  a  trough  wide  enough  to  encircle  the  limb,  enclosing  the 
hand,  wrist,  and  forearm,  excluding  the  thumb,  and  bandaged  firmly 
to  the  limb  without  any  kind  of  padding.  For  severely  sprained 
wrist  the  early  application  of  such  a  splint  is  promptly  attended  by 
relief  of  all  symptoms.  Of  course,  to  be  efficient,  the  paper  splint 
must  be  firm  enough  to  rigidly  prevent  all  movement  of  the  wrist. 
The  apparatus  is  left  on  til!  recovery  is  complete,  and  a  single  appli- 
cation may  suffice  in  many  instances.  Perspiration  escapes  through 
the  paper,  which  also  lies  smoothly  and  comfortably  in  contact  with 
the  skin.  In  the  event  of  excoriation,  or,  in  fact,  at  any  time,  the  limb 
may  be  covered  with  a  few  layers  of  .antiseptic  gauze,  which  will  suffice 
to  preserve  the  surface  of  the  skin  and  to  render  unnecessarj-  the  sub- 
sequent inspection  of  trifling  breaches  of  surface.  The  same  kind  of 
splint  will  do  for  arthritis  of  the  wrist  unattended  with  sinus,  abscess, 
or  wound.  In  the  event  of  abscess,  the  limb  may  be  attached  to  a 
single  splint  of  wood  or  sheet  metal,  after  opening,  scraping,  washing, 
and  dressing  with  cyanide  gauze.  The  dressings  may  be  so  arranged 
B    as  to  be  changed  without  disturbing  the  splint.     After  heaUng,  a  good 
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splint  can  be  readily  constructed  by  bandaging  on  a  piece  of  sole- 
leather  softened  in  water,  in  the  form  of  a  long  gauntlet  closely  fitting 
the  limb,  its  open  side  lying  along  its  radial  edge,  leaving  out  the 
thumb.  When  the  gauntlet  is  dry,  it  can  be  removed,  trimmed  with 
a  knife,  perforated  with  a  few  holes,  and  re-applied  with  a  lace  to  hold 
it  close.  In  certain  tubercular  cases  perfect  healing  of  the  abscess 
may  be  thus  attained  by  attention  to  antiseptic  principles ;  but  there 
may  sometimes  result  inevitable  stiffness,  due  to  ankylosis  in  the 
wrist  or  radio-ulnar  joint  Such  cases  present  great  varieties  of  con- 
dition and  incident,  but  often  will  repay  careful  efforts  to  save  them. 
There  is  no  use  temporizing,  however,  in  cases  of  sinus  in  middle 
life.  Prompt  amputation  is  the  most  judicious  treatment,  as  experi- 
ence has  amply  shown.  In  children  and  young  adults  operations 
of  a  "cheese-paring"  description  may  profitably  be  undertaken,  inflam- 
matory exudation,  diseased  bone,  and  other  products  of  tubercular 
disease  being  excised  by  such  means  as  the  necessities  of  the  case  and 
the  ingenuity  of  the  surgeon  suggest.  Formal  excision  of  the  whole 
joint  is  seldom  called  for,  even  by  the  excellent  method  devised  long 
ago  by  Professor  Lister.  The  writer  has  succeeded  admirably  in  a  few 
cases  by  adopting  the  "  partial "  method  of  extirpating  the  local  disease, 
subsequently  preferred  by  Lister  himself  to  his  earlier  practice. 
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CONGENITAL  DISLOCATION  OF  THE  HIP. 

Congenital  dislocation  of  the  hip  is  a  dislocation  of  the  head  of 
the  femur  occurring  in  uterine  life. 

etiology. — The  etiology  of  this  affection  is  not  known.  It  would 
seem  probable,  however,  that  it  is  not  a  defect  of  development,  like 
hare-!ip,  but,  like  congenital  club-foot,  a  malposition  of  bones  with  the 
resulting  structural  changes  of  the  soft  parts.  Girls  are  much  more 
commonly  subject  to  this  alTection  than  boys,  for  some  unknown 
reason. 

Pathological  Anatomy.— Changes  In  the  Capsiile.^These  are  the  most  impor- 

lanl  palhologicai  changes,  and  ihev  are  of  gradual  df  velojinicnl.  There  i^  tio  nipture  of  the 
capsule,  as  in  a  Iraumntic  diilucalion.  but  it  a  altered  by  being  iliciched  by  the  head  uf  the 
bone,  is  forced  upward,  and  is  thickened  nnd  slteuKlliened  us  the  weight  of  the  child 
increases-  The  i^hape  of  the  capiule  becomes  altered  from  that  of  an  irregular  gk>be  cnti- 
nccling  the  acetabulum  and  feinuT.  and  tan  be  likened  lo  a  puise-bag  glued  to  the  bone,  the 
lower  portion  covering  the  Hcelabulum,  the  free  portion  enclosing  the  iemoral  head,  and  the 
puTH  neck  being  the  constricted  part  where  the  head  of  the  femur  left  the  acetabulum,  sltetch- 
ing  the  adherent  capsule  with  it.  What  tuny  be  termed  the  neck  of  the  capsule  becomes 
attached  on  its  iliac  surface  to  the  ilium,  and  this  aitachmenl  maybe  unusually  firm  ;  that  cov. 
ering  the  acetabulum  becf^mes  qltered.  and  with  the  changes  of  the  synovial  membrane  and 
stretched  cotyloid  ligament  resembles  firm  ti brims  tissue,  lilting  as  well  as  covering  the  socket, 
so  that  the  cavity  may  be  obliterated.      Portions  of  the  capsule  may  be  much  thickened- 

AKcratlons  in  the  Musclea. — The  changes  in  the  length  and  direction  of  muscles 
between  the  pelvis  and  femur  vary  according  to  the  altered  position  of  these  bones.  These 
aheratioiis  oner  less  resistance  to  reduction  than  those  of  the  capsule,  but  they  mav  be  an 
important  factor  in  causing  a  relapse  and  in  resisting  complete  correctioti.  The  jie I  i-i femoral 
muscles  are  especially  lo  he  considered — vii.,  the  adductors,  the  tensor  vagina;  fenioris  and 
the  fascia  lata,  the  reflected  head  of  the  rectus,  and  also  the  hamstring  muscles,  together 
with  the  psiias  and  iliacus.  Those  inserted  at  the  great  trochanter  are  not  ihorteiied.  and 
mav  be  ienglhened. 

Alterations  In  the  Boaes. — The  acetabulum  becomes  shallow  and  triangular,  and 
its  hyaline  cartilage  is  replaced  by  fibrous  tissue,  except  at  the  rim.  Tlie  formation  of  a 
new  lai«e  joint  with  osseous  socket  is  not  seen  in  congenital  dislocation  in  children,  and  is 
exiremety  mre  in  adults.  Frequently  the  neck  of  the  femur  is  twisted  and  its  angle  with 
the  shafi  diminished.      The  head  may  be  small  and  pointed. 

The  varieties  of  dislocation  are  haikit-arJ,  H/^t^irJ,  and  furuHird,  and  are  jtidicated  iti 
geneiBl  by  the  position  of  the  leg  and  the  direction  of  tlie  foot. 

Diagnosis. — The  diagnosis  of  this  affection  is  not  difficult  in  adult 
cases  or  in  lar^e  children,  as  the  characteristic  peculiarities  in  tjait  and 
attitude  are  easily  seen.  In  smaller  children  the.se  affections  must  be 
eliminated  :  coxa  vara,  distortion  folltnving  infaHtiif  paralysis,  separation 
of  the  i-piphysis.  drforwity  follffioing  early  arthritis  of  iiifaney.  traumatic 
dislocations,  and  the  drforniities  of  hip-disease. 

In  all  of  these  affections  except  coxa  vara  there  should  be  a  history 
of  previous  injury  or  illness,  and  in  all  except  coxa  vara  and  infantile 
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paralysis  the  freedom  of  motion  of  the  femur  seen  in  early  congenital 
dislocation  is  not  found.  In  coxa  vara  (rachitic  distortions  of  neck  of 
femur),  unlike  the  conditions  found  in  congenital  dislocation,  the  femur 
rotates  with  the  head  In  its  normal  socket  and  cannot  be  palpated. 
Coxa  vara  is  rare  before  five  years  of  age. 

Congenital  dislocation  is  characterized  by  marked  lordosis,  so  as  to 
be  frequently  mistaken  for  a  spinal  lesion.  Whether  the  dislocation 
be  unilateral  or  double,  the  gait  is  characteristic.  In  the  former 
instance  it  resembles  the  gait  on  the  free  side  of  an  organ-grinder 
carrying  a  barrel-organ ;  in  the  latter  instance  it  is  marked  by  a 
peculiar  side-to-side  movement.  The  gait  is  due  to  the  muscular  effort 
to  relieve  the  ligaments  of  tension  resulting  from  lack  of  bony  support 
Fluoroscopic  examination,  when  feasible,  is  conclusive  ewdence  in 
diagnosis. 

PTOg:nosis. — The  disability  caused  bj'  this  affection  in  childhood 
is  slight.  The  limp  is  noticeable,  and  in  double  congenital  dislocation 
may  be  distressing.  As  the  patient  becomes  older  and  the  weight 
increases,  some  annoyance  may  be  caused  in  adolescence,  but  the 
disability  is  ordinarily  not  great  until  middle  life  or  old  age.  A  single 
dislocation  is  less  anno>-ing.  An  increase  of  weight  or  overexertion 
may  cause  muscular  pain  and  spasms,  necessitating  the  temporary'  use 
of  crutches,  particularly  in  feeble  subjects,  and  seriously  limiting 
acti\-ity 

Xrcatment. — The  problem  to  be  solved  in  the  treatment  of  con- 
dislocations  of  the  hip  consists  in  replacing  the  bead  of  the 
into  the  acetabulum,  and  keeping  it  there,  so  that  the  weight  of 
the  trunk  is  transmitted  directlj-  to  the  femur.  The  most  important 
obstacle  to  reduction  lies  in  the  attachment  of  tbe  capsule,  dtsfdaced 
and  thickened,  to  tbe  ilium  above  and  aivund  tbe  front  of  the  acetab- 
ulum, .uid  to  tbe  anterior  sur£u:e  of  tbe  femur,  espeaally  to  the  lesser 
trt>ch.uiter.  Of  more  or  less  importance  are  the  sbcntened  peMfemoral 
muscks,  as  u-ell  as  tbe  shape  of  tbe  head  and  the  shallowness  of  the 
acetabulum. 

The  methods  may  be  grouped  as : 
I .  Reduction  after  inctsion. 
;    RcductHV)  b)-  forceful  nunipulatioiL 
^    Gradual  reducttoo  b>-  tnecfaanical  ^ipfiaoces. 

IMttcliMi  after  liirirt««. — Tbe  first  succesiiiil  operalii'c 
was  de\^sed  b%-  Hof&.  tbe  details  of  which  have  been  modi 
b\~  Lo*vm  and  In*  himsett     Tbe  patkwt  ts  to  be  placed  upon  tbe 
Wkh  tibe limb ^Mlacted  and  related  outward     Tltc indsaofi  b  made] 
a  Ine  dowR  firoa  io  front  of  ^k  aMenor  sificnar  ifmc.  ofaGqu 
doOTWifd  MMJ  fcrwud.  crossiig  tbe  fcaara  shoctdeaance  bdowi 
tap  of  dte  tnxlurter  (Fig.  563V    Tbe  waeiaa  sbottld  be  aba^ 
OQter  edge  «  tbe  tensor  ^ngaye  mbmcis;,  bctwen  tbis  and  tbe : 
border  of  tbe  gluteus  medhis.     Tbe  btdsica  sbodd  pass  belov  tbe  tnv 
,  and  dmdd  cross  tbe  icnsr  dteMr  I'lmY  tbe  level  of  tbe  1 
Tbe  tensor  T^aae  CnnoRS  ts  ictiscled.  and  tbe  bsda  I 
ibvided  by  a  stnigw  wusiui.  ano.  ■  neocssnv,  bjr  aa  adda 
nceaocL    Tbe  f^hAcns  ss  alio  nXiatsd  and  beiKalb  the  1»ii\<ii  1 
tbe  recSns  leiaacis  vjB  be  nond,  nsb  tbe  tevKXea  tendon  passng  out- 
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ward,  to  be  inserted  upon  the  ilium  above  the  acetabulum.  If  the  mus- 
cular tissues  are  well  retracted,  the  capsular  ligament  will  be  uncovered 
and  can  be  split.     This  should  be  done  by  an  incision  in  the  direction 


Fig.  364. — Operative  reduclion.  lecond 

of  the  original  skin-incision,  free  enough  to  expose  the  whole  head  and 
neck  as  far  as  the  trochanteric  line.  An  assistant  should  then  flex  the 
thigh  to  a  right  angle  with  the  trunk,  and  the  attachments  of  the  cap- 


FIG.  363. — Operative  reduction,  tbird  step. 


Fig,  366. — Openiiive  reduction,  fourth  atep. 
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sule  to  the  neck  and  trochanteric  line,  including  the  lesser  trochanter, 
should  be  freed,  both  on  the  anterior  and  the  posterior  surface  of  the 
neck,  to  such  an  extent  that  the  surgeon  can  pass  his  finger  completely 
around  the  neck.  The  head  can  then  be  thrown  out  and  the  liga- 
mentum  teres  divided,  if  present.  The  head  of  the  femur  can  then  be 
pulled  aside,  and  a  clear  view  of  the  capsule  covering  a  portion  of  the 
acetabulum,  as  well  as  the  acetabulum  itself,  can  be  had.  A  curet  can 
then  be  introduced  to  deepen  the  acetabulum,  if  necessary.  It  is 
important  that  the  bony  edge  overhanging  the  acetabulum  should  pro- 
ject sufficiently  to  furnish  a  firm  socket  after  the  head  is  reduced.  It 
is  sometimes  difficult,  if  the  tissues  are  imperfectly  divided,  to  find  the 
socket,  for  the  reason  thai  a  jiortion  of  the  capsule  lies  flat  across  the 
socket  and  is  adherent  to  the  edges,  the  surgeon  feeling  only  the  upper 
edge  and  a  mass  of  connective  tissue.  This  connective  tissue  must  be 
divided  in  order  to  open  the  cavity. 
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It  is  best  not  to  remove  the  cartilage  from  both  the  head  of  the  femur 

and  the  acetabulum,  in  order  to  avoid  subsequent  ankylosis.  It  is 
important  that  all  tense  bands  of  the  capsule  should  be  divided,  and 
that  no  portion  of  its  capsule  should  get  between  the  head  of  the  femur 
and  the  acetabulum.  The  femur  may  be  used  as  a  lever  to  stretch 
certain  undivided  portions  of  the  capsule. 

After  reduction,  the  redundant  capsule  can  be  stitched  and  the 
wound  closed  or  drained  according  to  the  judgment  of  the  surgeon. 
Results  show  that  drainage  is  of  especial  importance  on  account  of  the 
depth  of  the  cavity  and  the  danger  of  infection  from  urine  in  small 
children. 

The  limb  is  maintained  in  a  flexed  and  strongly  abducted  position 
by  means  of  a  plaster- of- Paris  spica  reaching  from  the  thorax  down  to 
the  foot.  Access  to  the  wound  is  obtained  by  means  of  a  window  cut 
in  the  plaster.  The  amount  of  abduction  necessaiy  at  the  outset  will 
vary  with  the  difficulty  in  keeping  the  bone  in  the  socket;  the  limb  is 
gradually  adducted  by  means  of  subsequent  bandages. 

Although  of  comparatively  recent  date,  it  is  thoroughly  established 
by  the  results  of  Hoffa,  Lorenz,  and  Delanglade  that  these  cases  can 
be  cured  by  operation.  In  a  series  of  135  cases  collected  by  Schanz. 
death  occurred    in   7   instances,  but  there  were   109  excellent  results. 

Reduction  by  Forcible  Manipulation. — The  early  attempts  at  forci- 
ble reposition  under  an  anesthetic  in  congenital  dislocation  of  the  hip 
were  not  successful.  Guided  by  his  knowledge  of  the  pathology  of 
congenital  dislocations,  and  profiting  by  his  experience  in  reduction  after 
incision,  Lorenz  has  devised  a  so-called  bloodless  method  for  the  treat- 
ment of  these  ca.ses.  This  method  has  had  sufficient  trial  to  demon- 
strate its  efficacy  in  certain  adapted  cases,  and  its  greater  safety  than 
reduction  after  incision. 

Reduction  by  forcible  manipulation  can  be  successful  only  if  the 
head  of  the  femur  can  be  made  to  dilate  and  pass  through  the  neck  of 
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FIC.  367.— Method  of  forcible  strelching  under  ancslhesia,  with  forcible  abduclion  and  hyper- 

pKtension. 


the  capsule  into  the  acetabulum,  accompanied  by  the  freeing  and  stretch- 
ing of  adherent  and  shortened  portions  of  the  capsule,  as  well  as  the 
lengthening  of  certain  muscles.  In  children  over  two  and  under  five 
years — ^in  some  instances  between  five  and  seven  years — under  an  anes- 
thetic, forcible  reduction  can  be  successfully  used ;   but  in  some  in- 
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stances  it  is  by  no  means  certain  in  bloodless  reduction  that  a  portion 
of  the  distorted  capsule  may  not  be  folded  in  in  front  of  the  femur, 
making  a  relapse  probable. 

It  is  sometimes  advisable  as  a  preliminary  step  to  stretch  the  mus- 
cles, and  possibly  the  capsule.  For  this  purpose  the  child  is  placed 
upon  its  back  on  a  frame,  and  by  means  of  weights  and  pulleys  traction 
is  exerted  with  the  legs  abducted  more  and  more  as  the  muscles  yield. 
A  counter-pull  can  be  made  by  cross-straps  pressing  down  upon  the 
top  of  the  trochanter.  This  can  be  done  without  causing  the  patient 
great  discomfort,  and  a  position  of  forced  abduction  nearly  at  right 
angles  with  the  trunk  of  the  limb  can  be  gained  in  young  children  after 
a  short  lime. 

After  this  preliminary  treatment  the  patient  should  be  anesthetized, 
and  then  considerable  force  should  be  exerted  by  the  hand,  by  means  of 
apparatus  with  screw  or  windlass  attachments,  in  such  a  direction  as  to 
overcome  the  adhesions,  the  shortened  bands  of  capsule,  and  the  con- 
tracted muscles. 

The  child  is  placed  upon  its  back,  the  thigh  much  abducted,  and 
traction  exerted  by  means  of  a  loop  of  yarn  placed  around  the  ankle 
or  a  padded  anklet,  and  attached  to  a  screw-force  fastened  to  the  end 
of  the  table,  while  at  the  same  time  counter- traction  is  maintained  by 
means  of  a  long  sheet  of  folded  cloth  placed  beneath  the  perineum  on 
the  unaflected  side  ;  or  a  windlass-traction  attachment  can  be  added  to 
the  well-known  Thomas  knee-splint.  Tlie  force  is  transmitted  to  the 
leg  through  strips  of  adhesive  plaster  applied  along  and  across  the  leg 
and  thigh,  firmly  bandaged  to  the  limb,  and  counter- resistance  is  met 
by  the  padded  ring  at  the  upper  end  of  the  splint  pressing  against  the 
tuberosity  of  the  ischium  and  ramus  of  the  pubes.  The  limb  is  to  be 
abducted  as  much  as  possible,  and  force  slowly  applied.  This  maneuver 
should  be  applied  in  various  directions,  stretching  the  adductor  muscles, 
the  flexors,  the  hamstrings  and  rectus  femoris,  and  the  capsule. 

After  a  few  minutes  of  forced  mechanical  hyperabduction  with 
traction,  the  thigh  .should  be  alternately  hype  rex  tended,  abducted, 
rotated,  and  circumducted  in  order  to  loosen  all  portions  of  the  capsule. 
If  the  capsule  can  be  thus  sufficiently  stretched,  reduction  can  be 
affected  by  manipulation,  and  is  indicated  by  an  audible  movement  of 
the  head  of  the  femur  into  the  capsule;  otherwise  an  incision  will  be 
necessary  in  order  to  reduce  the  dislocation.  Tendency  to  recurrence 
justifies  further  attempts  at  stretching,  which  may  be  aided  by  using 
the  femur  a.s  a  lever,  provided  the  head  can  be  engaged  in  the  acetab- 
ular lip. 

After  bloodlcs.s  reduction  the  limb  should  be  strongly  flexed  and 
abducted,  and  kept  in  this  position  by  means  of  a  pi aster-of- Paris  spica. 
From  time  to  time  new  bandages  are  applied  until  the  leg  assumes  a 
normal  position.  A  splint  can  be  combined  with  massage  for  several 
months,  and  the  protective  appliances  gradually  removed. 

After  bloodless  reduction  the  patient  should  be  allowed  to  walk 
about  on  the  abducted  hmb  to  exert  pressure  upon  the  acetabulum,  to 
press  through  a  fold  of  the  capsule,  if  any  remain. 

Neoarthrosis  Operation — Certain  cases  resist  all  attempts  at 
reducing  and  maintaining  the  head  of  the  femur  in  the  acetabulum. 
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Hofia  has  proposed  an  operation  for  these  cases,  on  the  ground  that 

nature  never  forms  a  true  new  joint.  In  this  operation  the  capsule  is 
incised  and  the  bane  curetted  and  deepened  to  form  a  socket.  The 
value  of  this  method  has  not  yet  been  thoroughly  demonstrated. 

Excision  of  the  !uad  of  tin  femur  docs  not  seem  to  be  a  proper  pro- 
cedure in  congenital  dislocation. 

Gradual  Reduction  by  Mechanical  Appliances. — Gradual  reduction 
by  mechanical  appliances  has  not  proved  itself  a  reliable  method  of 
treatment ;  neither  has  the  method  of  reduction  by  long-continued  bed- 
traction. 

TALIPES  VALGUS. 

The  position  of  the  normal  foot,  whether  at  rest  or  in  action,  is 
regulated  by  certain  physiological  conditions,  which,  when  exaggerated 
or  persistent,  may  give  rise  to  tlie  affection  known  as  flat-foot.  If  the 
leg  and  foot  hang  loosely  from  the  knee,  the  anterior  border  of  the 
tibia  can  be  projected  in  a  relatively  straight  line  to  the  space  between 
the  first  and  second  toes.  If  the  individual  bears  his  weight  upon  the 
foot,  this  line  forms  an  obtuse  angle  near  the  internal  malleolus,  point- 
ing inward. 

This  anatomical  change  consists  of  a  twist  of  the  foot  at  the  medio- 
tarsal  articulation,  and  also  a  sagging  downward  (or  plantar  flexion)  of 
the  head  of  the  astragalus  and  the  os  calcis.  This  condition  is  exagger- 
ated when  the  weight  is  borne  on  one  foot  alone,  as  demonstrated  by 
foot-prints  on  smoked  paper.  The  bones  of  the  foot  are  arranged  so 
as  to  form  a  tran.sverse  and  two  longitudinal  arches  sustained  by  liga- 
ments when  the  foot  is  at  rest,  and  supported,  in  addition,  by  muscles 
when  in  action.  The  addition  of  weight  causes  a  slight  lengthening 
and  widening  of  the  foot,  of  little  importance  compared  with  twist  at 
the  mediotarsal  articulation.  The  important  changes  take  place  in  the 
internal  longitudinal  arch. 

The  checks  to  the  mediotarsal  twist  are  largely  the  tibialis  anticus 
and  posticus  muscles,  but  also  the  plantar  fa.scia  and  plantar  muscles,  as 
well  as  the  flexors  of  the  toes,  the  various  ligamentous  bands  which  pass 
from  the  os  calcis  to  the  astragalus,  the  scaphoid  and  cuneiform  bones 
on  the  sole  of  the  foot,  and  the  strong  deltoid  ligament.  Within  certain 
limits  the  antount  of  change  varies  according  to  the  weight  of  the 
individual  in  relation  to  the  strength  of  his  muscles  and  ligaments. 
Deformity  alone  is  no  sign  of  suffering,  as  proved  by  athletes  accustomed 
to  bear  great  weights  ;  but  subjective  symptoms  arise  when  the  muscles 
weaken,  thereby  cau.sing  the  ligaments  to  stretch.  Permanent  distor- 
tion follows  when  the  ligaments  arc  lengthened,  and  in  extreme  cases 
the  relative  position  and  shape  of  the  tarsal  bones  become  altered  so 
that  complete  inversion  is  no  longer  possible. 

Etiology. — Anything  which  weakens  the  muscles  and  ligaments 
of  the  foot  or  disproportionately  increases  the  weight  to  be  overcome 
predisposes  to  the  development  of  flat-foot.  Furthermore,  imperfect 
shoeing  puts  the  foot  at  a  mechanical  disadvantage.  The  commonest 
faults  of  shoeing  are  pointed  toes,  high  heels,  short  shoes,  or  shoes 
arranged  so  that  the  toes  are  crowded. 

Symptoms  and  DiagTiosis. — flat-foot  gives  rise  to  but  few  symp- 
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toms  beyond  the  deformity,  the  peculiarity  of  gait,  and  fatigue  and  pain 
in  locomotion;  but  this  chronic  condition  is  interrupted  at  times  by  a 
muscular  or  ligamentous  strain  which  causes  an  exaggeration  of  the 
peculiarity  in  gait,  and  may  give  rise  to  a  limp,  pain  and  a  puffiness  of 
the  dorsum  of  the  foot,  and  tonic  spasms  of  the  extensor  muscles  of 
the  foot.  The  deformity  of  well-marked  cases  is  characteristic.  The 
sinking  of  the  foot  shows  that  the  inner  arch  is  lower  than  normal,  and 
the  lack  of  elasticity  in  gait  is  easily  recognized,  as  well  as  abnormal 
eve  rs  ion. 

More  care  is  needed  to  recognize  the  pathological  flat-foot  in  chil- 
dren or  in  the  lighter  stages  in  adults.  An  impression  of  the  sole- 
pressure  on  paper  blackened  by  camphor-soot,  first  with  but  little 
weight,  then  with  the  whole  weight  of  the  body,  is  of  value  to  indicate 
the  area  of  maximum  contact.  The  diminishing  extent  of  the  hollow 
under  the  inner  arch  is  indicative  of  the  flatness  of  the  foot. 

Treatment. — The  treatment  of  these  cases  necessarily  varies 
according  to  their  severity,  and  for  descriptive  purposes  we  will  con- 
sider these  stages :  I.  Light  cases  in  growing  children;  2,  Severe  cases 
in  growing  children;  3.  Light  cases  in  adults;  4.  Severe  resistant  cases 
in  adults. 

In  the  light  cases  in  children  it  is  extremely  important  that  proper 
shoes  are  furnished.  The  best  covering  for  the  foot  is  necessarily  a 
shoe  which  constricts  as  little  as  possible.  It  is  essential  that  the  shoes 
be  not  too  short,  the  toes  broad,  heels  low  ;  the  instep  should  fit  snugly, 
so  as  to  prevent  crowding  of  the  toes.  The  soles  of  the  shoes  should 
be  shaped  so  that  the  toes  are  not  crowded  or  forced  outward.  Short 
stockings  are  injurious.  Gymnastic  exercises  as  mentioned  for  adults 
may  be  of  value. 

In  the  severer  cases  mechanical  support  for  the  arch  of  the  foot 
may  be  necessary.  In-soles  with  a  stiffened  or  padded  arch  of  sad- 
dler's felt  will  be  sufficient  in  the  lighter  cases,  with  or  without  the 
raising  of  the  inner  edge  of  the  sole  and  heel  from  ^  to  J  inch,  for  the 
purpose  of  throwing  the  weight  more  upon  the  outer  side. 

In  light  cases  in  adults  supports  to  the  arch  are  more  necessary 
than  in  children,  on  account  of  the  increased  weight  and  strain.  Suit- 
able shoes  should  be  ordered,  and  gymnastic  exercises  prescribed  in 
order  to  develop  the  muscles  which  support  the  arch.  The  simple 
exercise  of  rising  upon  the  toes  a  specified  number  of  times,  walking 
with  heels  raised,  bending  the  knees  and  lowering  the  trunk  with  the 
heels  raised,  if  thoroughly  carried  out,  will  be  of  service.  The  patient 
should  walk  with  the  toes  straight  ahead,  and  avoid  a  position  with  the 
foot  everted. 

The  object  of  a  support  to  the  arch  is  partly  to  sustain  a  portion  of 
the  weight,  but  more  particularly  to  maintain  a  proper  position  of  the 
bones  of  the  foot.  The  most  readily  made  form  of  support  is  a 
strengthened  leather  inner  sole. 

This  can  be  furnished  by  soaking  a  thin  piece  of  ox-hide  of  the 
requisite  size,  containing  but  little  oil,  and  applying  it  to  the  foot  in 
the  proper  position,  or,  better,  to  a  cast  of  the  foot  When  thoroughly 
dry  and  stiff"  the  conca^'itj-  of  the  inner  arch  is  filled  with  layers  of 
leather   or  made  more  lesistant  with  strips  of  steel.     This  is  to  be 
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worn  in  the  shoe,  and  will  be  comfortable  if  it  is  indicated  and  has 
been  properly  fitted. 

In  most  instances  needing  support  metal  plates  are  the  most  ser- 
viceable, and  the  most  efficient  are  those  recommended  by  Whitman 
(Fig.  368).  In  thi.s  plate  all  injurious  pressure  is  avoided,  and  it  acts 
constantly  to  throw  the  weight  toward  the  outer  arch.  The  plate  is 
worn  inside  the  shoe,  which  should  be  of  an  approved  pattern. 


Fig.  3b8. — Wlm man's  brace  for  flai-fooi. 

This  plate  should  be  made  from  a  plaster  model  of  the  foot  in  the 

proper  position — /.  c.  turned  slightly  inward.  The  plate  should  not  be 
so  long  as  to  reach  the  heads  of  the  metatarsal  bones  or  the  tubercles 
of  the  OS  calcis,  but  it  should  support  the  under  surface  of  the  scaph- 
oid and  the  head  of  the  astragalus.  The  metal  should  be  strong 
enough  not  to  yield  under  pressure. 

In  the  severer  cases,  accompanied  by  muscular  spasm  and  over- 
stretched ligaments  in  the  fixed  eversion  of  the  foot,  it  is  necessarj' 
to  fix  the  foot  in  as  correct  a  position  as  possible  by  means  of  plaster 
bandages  successively  applied  to  the  foot,  using  in  some  instances 
force  under  an  anesthetic. 

The  treatment  as  mentioned  above  can  be  employed  as  soon  as  the 
patient's  feet  have  sufficiently  recovered.  In  certain  severe  cases  with 
marked  deformity  of  bone,  a  wedge-shaped  portion  can  with  benefit  be 
removed  from  the  neck  of  the  astragalus  or  scaphoid,  and  then  the  foot 
inverted  and  fixed  by  means  of  a  plaster  bandage,  with  the  ordinary 
treatment  for  flat-foot  for  the  stage  of  convalescence. 

The  prognosis  of  the  treatment  of  flat-foot  is  satisfactory. 


CLUB-FOOT,  OR  TALIPES  EQUINOVARUS. 

Club-foot  consists  of  a  dislocation  at  the  mediotarsal  articulation, 
with  resulting  changes  in  soft  tissues  (skin,  muscles,  tendons,  fascis) 
and  bones  or  cartilages.  The  anterior  part  of  the  foot  is  inverted  and 
twisted,  and  the  heel  elevated  so  that  the  patient  walks  on  the  outside 
and,  in  extreme  cases,  on  the  dorsum  of  the  foot.  The  soft  tissues 
especially  involved  are  the  abductor  polHcis  muscle,  the  tibialis  anticus 
and  posticus,  plantar  fa.scia,  plantar  and  astragaloscaphoid  ligaments, 
and  tendo  Achillis.     The  bony  deformity  of  importance  consists  of  an 
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inward  rotation  of  the  scaphoid  and  cuboid  bones  around  the  anterior 
surfaces  of  the  astragalus  and  os  calcis  respectively,  with  occasional 
deformity  of  the  astragalus  and  os  calcis.  Secondary  changes  may  be 
the  result  of  pressure  or  locomotion. 

Club-fnot  may  be  congenital  or  acquired.  The  cause  of  the  con- 
genita! variety  is  still  a  matter  of  theory ;  the  acquired  variety  is  almost 
always  secondary  to  infantile  paralysi.s,  and  it  will  not  be  further  con- 
sidered here.  In  congenital  club-foot  the  muscles  may  atrophy  from 
disuse,  but  are  never  paralyzed. 

Symptoms  and  Diagnosis. — These  patients  suffer  considerable 
inconvenience  in  walking,  and  the  gait  is  unsightly  and  characteristic 
when  the  deformity  is  double,  in  that  one  foot  is  lifted  over  the  other 
in  a  peculiar  manner.  Bursse  and  callosities  frequently  develop,  and 
they  may  be  the  seat  of  inflammatory  processes.  The  position  of  the 
foot  and  the  shortened  ligaments  are  characteristic.  By  manipulation 
it  may  be  possible  to  reduce  the  deformity  more  or  less,  but  it  will 
recur  at  once.  The  deformity  increases  as  the  patient  walks  upon  the 
distorted  foot. 

Prognosis. — The  deformity  usually  persists  or  increases  if 
untreated,  and  shows  no  tendency  to  correct  itself  Early  cases  are 
easier  to  correct  than  late  ones.  AH  cases  are  amenable  to  correction, 
and  the  deformity  will  not  recur  if  complete  correction  or  overcorrec- 
tion has  been  secured  for  a  sufficiently  long  period  to  enable  the  parts 
to  have  adjusted  themselves. 

Treatment, — The  treatment  will  vary  according  to  the  age  and 
condition  of  the  deformity,  and  should  be  begun  as  soon  as  the  nutri- 
tion of  the  child  is  such  that  treatment  can  be  continued  without  inter- 
ruption. Methods  should  be  tried  in  the  order  of  their  simplicity,  as 
a  general  rule.  Our  aim  should  be  to  overcorrect  the  deformity,  and 
retain  the  foot  in  the  corrected  position  until  all  parts  become  adjusted, 
and  there  is  no  tendency  to  recurrence  when  the  foot  is  at  rest  and 
influenced  only  by  gravity,  and  particularly  when  in  walking  it  does 
not  tend  to  assume  its  former  distorted  position. 

All  treatment  is  mechanical,  with  or  without  some  surgical  interfer- 
ence, but  electricity  and  massage  may  be  of  value  during  convales- 
cence. 

Infantile  Cases. — Here  the  foot  is  pliable,  and  the  chief  obstacles 
to  correction  arc  the  shortened  muscles  and  ligaments.  Gradual  cor- 
rection by  means  of  manual  force  and  repeated  plaster  bandages  can 
be  employed,  although  often  tedious. 

The  deformity  is  corrected  in  this  order:  Inversion  at  the  ankle- 
joint,  inversion  at  the  mediotarsal  joint  (varus),  and  finally  the  plantar 
flexion  (equinus).  Plaster  bandages  are  applied  over  a  limb  well  pro- 
tected with  cotton,  every  two  to  four  weeks,  extending  from  the  toes 
to  the  thigh,  with  the  knee  slightly  bent  in  order  to  retain  the  plaster 
without  slipping.  In  correcting  the  deformity  care  must  be  exercised 
that  the  cuboid  is  forced  outward  as  well  as  the  scaphoid,  and  that  the 
heads  of  the  os  calcis  and  astragalus  are  forced  inward ;  otherwise  the 
correction  is  only  apparent,  and  will  not  be  permanent. 

Sooner  or  later,  according  to  the  condition  of  the  foot  and  the  cir- 
cumstances of  the  case,  tenotomy  is  resorted  to  in  order  to  free  what- 
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ever  bands  may  be  necessary,  particularly  the  tendo  AchUIis.  After 
the  operation  the  foot  is  retained  ten  days  to  two  weeks  in  a  plaster- 
of-Paris  bandage,  and  then  a  varus  shoe  is  fitted  to  the  foot  The 
inside  varus  shoe  devised  by  C.  F.  Taylor  answers  the  purpose  more 
thoroughly  than  other  mechanical  appliances,  but  it  needs  to  be  modi- 
fied to  each  case  and  requires  careful  attention.  Straps  and  buckles 
will  answer  in  careful  hands,  but  in  order  to  prevent  slipping  when 
first  applied,  the  foot  may  be  held  firmly  to  the  padded  foot-plate  by 


Fig.  369. — Side  view  of  the  rcicniiim 
ap[iaraliis  applied  inside  of  Ihe  leg. 


Fig,  370. — Side  vici*  gf  ilic  rcienlion  appl  inner ; 
outside  view,  showing  ihe  leather  si Je-piece,  with 
meial  ring  through  which  Ihe  strap  passes,  eierl- 
ing  Aide-pressure  upon  the  os  calcis. 


means  of  a  plaster  or  silicate  bandage;  or  in  less  experienced  hands 
plaster  bandages  may  be  employed  for  a  long  period.  The  splint  must 
be  so  arranged  as  to  allow  motion  of  the  foot  except  inversion  and 
plantar  flexion  beyond  a  right  angle,  and  care  must  be  taken  that  the 
external  pres.sure  is  on  the  head  of  the  os  calcis,  and  not  on  the  cuboid 
bone.  The  splint  can  be  worn  inside  of  a  shoe,  laced  to  the  toe,  and 
should  be  worn  for  a  period  sufficiently  long  to  ensure  moulding  of  the 
bones  and  tissues  into  a  norma!  shape. 

A  subsequent  operation  is  neccssarj'  if  any  fibers  remain  undivided, 
and  in  case  of  imperfect  correction.  Before  the  child  is  three  years 
of  age  all  deformity  should  be  corrected. 

Older  Cases  (three  to  six  years). — In  these  ca.ses  the  judgment  of 
the  surgeon  must  be  exercised  to  a  greater  extent.  Immediate  over- 
correction is  called  for  by  both  manual  and  operative  measures,  becom- 
ing more  and  more  radical  until  the  desired  end  is  reached.  In  mild 
cases  tenotomy  of  the  tibiales,  the  plantar  fascia,  and  tendo  Achillis, 
and  forcible  correction  by  means  of  the  hand  or  a  wrench,  will  suffice; 
but  if  this  fails,  an  open  incision  according  to  the  method  recommended 
by  Phelps  must  be  made  on  the  inner  side  of  the  foot,  and  all  resistant 
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structures  divided.  These  procedures  will  correct  most  cases,  and  the 
retention  treatment  by  means  of  pi aster-of- Paris  bandages  and  the 
varus  shoe  ts  the  same  as  for  the  infantile  variety. 

When  extensive  alteration  in  the  neck  of  the  astragalus  or  the  os 
calcis  exists,  an  osteotomy  of  the  neck  of  one  or  both  of  these  bones 
is  advisable,  even  in  young  children,  and  the  results  are  far  more  satis- 
factory than  those  following  excision  of  the  astragalus  or  exsection  of 
a  portion  of  the  tarsus — procedures  involving  unnecessary  sacrifice  of 
bone.     In  brief,  the  operation  is  as  follows : 

All  internal  bands  having  been  previously  divided,  a  curved  incision 
is  made,  starting  from  the  external  malleolus,  curving  over  the  head  of 
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flo.  371— ■'■  Sole-plale  of  relention-shoe ;  b,  side  view  ot  sole-plalc  of  retention-shoe,  with 
securing  clasp  {J  )  and  melal  loops  1,1.  t)  (or  steadying  straps  ;  i.  upright. 

the  OS  calcis  and  then  down  to  the  sole  of  the  foot,  and  the  flap  re- 
flected downward.  The  peronei  tendons  are  turned  aside  or  severed 
(to  be  sutured  later),  and  on  exposure  of  the  neck  of  the  os  calcis  it  is 
chiselled  through  and  a  wedge-shaped  piece  of  bone  removed.  The 
articular  surface  is  not  to  be  disturbed.  This  allows  the  cuboid  bone 
to  be  forced  out  and  up,  and  the  foot  to  be  corrected.  In  addition,  in 
some  cases  the  neck  of  the  astragalus  is  to  be  divided  by  a  linear  or 
wedge-shaped  osteotomy,  if  necessar\\  Perfect  asepsis  is  demanded. 
When  a  good  position  is  assured  it  is  maintained  by  means  of  a  plaster 
bandage.  The  after-treatment  consi.sts  of  a  properly  fitted  varus  shoe, 
with  counterpre.'isure  over  the  heads  of  the  astragalus  and  os  calcis, 
and  not  on  the  cuboid  bone,  to  be  worn  inside  of  the  shoe  for  at  least 
months. 

Adult  Cases. — The  ordinary  measures  are  of  no  avail  in  these 
cases,  on  account  of  bony  deformity  and  the  presence  of  firm  liga- 
mentous band.'i.  Ratlical  treatment  should  be  attempted  at  once,  and 
the  most  favorable  results  are  obtained  after  osteotomy  of  the  astraga- 
lus and  OS  calcis.  as  just  described,  though  the  removal  of  a  large 
wedge  of  boric  is  needed.     Convalescence  is  more  rapid  in  these  cases. 


752  INTERNATIONAL    TEXT-BOOK  OF  SURGERY. 

and  the  apparatus-wearing  period  shorter,  for  the  weight  and  intelli- 
gence of  the  individual  in  using  the  foot  are  of  much  service. 

In  general,  convalescent  treatment  may  be  summarized  thus :  In 
infantile  cases,  after  complete  correction,  retention  apparatus  night  and 
day  for  six  months,  walking  appliance  one  to  two  years  longer. 

In  children  under  five  years,  same  precautions,  except  that  walking 
appliances  are  needed  longer. 

In  adults,  following  tenotomy,  walking  appliances  about  one  year. 
After  osteotomy,  the  same  for  about  six  months. 


CHAPTER    XXIII. 
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SURGERY  OF  THE  MUSCLES,  TENDONS,  AND  BURSAE. 

INJUKIES  OF  MUSCLES  AND  TENDONS. 

The  most  superficial  muscles  and  tendons  are  naturally  the  most 
liable  to  injury,  the  principal  injuries  to  which  they  are  subject  being 
contusions,  sprains,  rupture,  wounds,  etc. 

ContnsionS  of  Muscles. — -Contusions  of  muscles  are  of  frequent 
occurrence,  and  are  usually  caused  by  blows  or  falls.  A  contusion 
may  exist  in  any  degree  of  severity,  from  a  simple  injury  of  a  few 
muscular  fibers  to  an  extensive  destruction  of  muscular  ti.ssue.  On 
account  of  the  hemorrhage  which  invariably  takes  place  in  all  contu- 
sions, more  or  less  blood  accumulates  at  the  seat  of  injury — so  much, 
indeed,  in  some  cases,  as  to  form  a  distinct  hematoma.  Although  con- 
tusions of  muscles  are  generally  simple,  they  frequently  accompany 
severer  injuries,  such  as  fractures,  dislocations,  etc. 

5tgns. — The  injury  is  recognized  by  pain  and  tenderness  over  the 
affected  area,  with  some  loss  of  power  in  the  part.  Passive  motion 
usually  causes  considerable  pain.  Ecchymosis  and  swelling  are  quite 
certain  to  be  evident  sooner  or  later.  Before  making  a  diagnosis  of 
simple  contusion,  it  is  well  to  exclude  by  careful  examination  the  more 
serious  conditions,  such  as  fracture,  dislocation,  etc.,  which  it  may 
accompany. 

Prognosis. — The  outlook  is  favorable  in  most  cases  for  a  return  to 
healthy  conditions.  The  extravasated  blood  and  the  debris  of  muscular 
tissue  are  absorbed,  and  connective  tissue  replaces  them.  In  some 
cases  atrophy  of  the  muscular  fibers  takes  place,  resulting  in  loss  of 
power  sometimes  so  persistent  as  to  suggest  the  possibility  of  injury 
to  the  nerve.     Occasionally  suppuration   occurs. 

Treatment. — The  object  of  treatment  is  to  arrest  bleeding,  to  cause 
absorption  of  extravasated  products,  and  to  prevent  suppuration.  The 
principal  means  at  our  disposal  are  (i)  rest.  {2)  elevation  of  the  part, 
(3)  compression,  and  (4)  cold.  Where  the  injury  is  slight,all  that  may 
be  necessary  is  to  put  the  part  at  rest,  to  support  and  immobilize  it  by 
bandages,  etc. ;  but  in  the  more  serious  cases  the  patient  should  be  put 
to  bed,  and  the  affected  part  raised,  if  possible,  so  as  to  limit  the 
amount  of  blood  going  to  it.  Cold  (best  applied  in  the  form  of  ice- 
bags)  may  be  used  with  advantage,  especially  when  there  is  a  tendency 
to  hematoma.  As  the  latter,  when  it  is  large,  requires  a  long  time  for 
absorption,  and  furnishes  a  good  opportunity  for  suppuration,  it  is 
occasionally  advisable  in  the  early  stages  to  wash  out  the  clot  through 
a  small  incision.  If  suppuration  takes  place,  early  incision  and  thor- 
ough cleansing  of  the  cavity  are  called  for. 
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Sprains  and  Strains  of  Muscles  and  Tendons, — A  sprain  or  I 
strain  of  a  niusclu  or  tt-ndon  usually  means  the  injury  resulting  from 
(i)  an  undue  stretching  from  external  violence.  (2)  sudden  or  violent 
contraction  of  the  muscle,  or  (3)  the  continued  overuse  of  one  muscle 
or  group  of  muscles. 

5igns. — The  affected  muscle  is  usually  painful  and  tender,  and  has 
lost  a  certain  amount  of  its  power.  The  pain  and  tenderness  may  be 
felt  at  any  part  of  the  muscle  itself,  or  at  the  point  of  insertion  of  the 
tendon.     Occasionally  there  is  some  ecchymosis. 

Prognosis. — The  condition  is  not  usually  a  serious  one,  although  in 
certain  cases,  in  spite  of  the  most  approved  treatment,  some  of  the 
symptoms  persist  indefinitely.  This  is  particularly  true  in  sprains  of 
the  small  of  the  back,  the  shoulder,  hip,  etc. 

Treatment. — The  special  objects  of  treatment  are  to  relieve  pain 
and  to  restore  the  lost  tone  of  the  muscle.  These  are  effected  by 
resting  the  part  and  by  carefully  graduated  compression.  Massage  is 
frequently  useful,  and  sometimes,  e.specially  in  the  later  stages,  counter- 
irritation  may  be  of  advantage.  Occasionally  one  sees  cases  of  what 
are  called  "chronic  sprains"  or  "strains."  caused  by  the  overuse  of 
certain  muscles,  where  the  pain  is  principally  at  the  origin  or  insertion 
of  the  muscles.  Tenderness  and  stiffness  are  prominent  symptoms. 
Examples  of  this  are  seen  in  the  so-called  base-ball  pitchers'  arm, 
tennis-elbow,  etc.  Persistent  overuse  of  a  muscle  may  give  rise  to  a 
local  periostitis  at  one  of  the  points  of  attachment  of  the  muscle,  pos- 
sibly resulting  in  necrosis  (see  cases  recorded  by  Paget).  Occasionally, 
as  a  result  of  these  repeated  strains,  an  ossification  of  muscle  or  tendon 
may  take  place  at  one  of  its  points  of  attachment  to  the  bone.  The 
best  instance  of  this  is  what  is  known  as  "  riders'  bone,"  which  is  a 
core  of  ossification  within  the  tendon  of  the  adductor  longus.  in  men 
who  are  much  on  horseback. 

Rupture  of  Muscles  and  Tendons. — Muscles  and  tendons  are 
ruptured  not  infrequently  as  a  result  of  some  sudden  and  violent  mus- 
cular contraction.  This  may  take  place  in  persons  in  the  vigor  of 
youth,  but  is  more  apt  to  occur  in  those  of  middle  or  advanced  age, 
whose  tissues  have  lost  some  of  their  elasticity,  and  especially  in  cases 
where  the  muscles  have  become  degenerated  by  long  and  exhausting 
illness.  The  rupture  of  muscle  may  be  partial  or  complete.  The 
investing  fa.scia  of  the  muscle  alone  may  be  ruptured,  allowing  protru- 
sion of  the  muscular  tissue  through  the  gap  thus  made  (hernia  of 
muscle),  or  the  muscle  itself  may  be  partly  torn  through,  or  may  be 
ruptured  through  its  entire  thickness,  in  which  case  there  is  a  pro- 
nounced retraction  of  both  ends.  When  a  tendon  ruptures,  the  con- 
traction of  its  muscle-belly  draws  the  fragment  attached  to  it  away 
from  the  other  fragment.  In  any  of  these  injuries  more  or  less  blood 
escapes  into  the  tissues. 

Signs. — During  effort  a  sudden  sharp  pain  is  felt,  followed  at  once 
by  a  feeling  of  helplessness  in  the  part.  The  site  of  the  injury  is 
tender,  and  in  most  cases  a  gap  can  be  seen  or  felt  there.  Sooner  or 
later  there  wtl!  probably  be  some  ecchymosis  and  swelling. 

Treatment. — The  principal  object  of  treatment  being  to  restore  as 
nearly  as  possible  the  continuity  of  the  ruptured  structure,  the  part 
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should  usually  be  placed  at  rest,  by  bandages,  splints,  etc..  in  such 
position  as  to  relax  the  muscle  moat  thoroughly  and  approximaie  tlje 
torn  ends,  and  ice-bags  should  be  applied.  In  suitable  cases  the  torn 
muscle  or  tendon  maybe  united  by  suture  (preferably  chromicizcd  cat- 
gut), after  which  the  part  should  be  placed  In  the  position  of  greatest 
relaxation  for  the  muscle.  In  cither  case  massage  or  electricity  will 
usually  be  found  of  benefit  in  the  later  stages.  Suture  of  muscle 
should  never  be  tried  if  there  is  reason  to  suppose  that  the  muscular 
tissue  is  degenerated.  Primary  suture  of  ruptured  tendons  is  gener- 
ally, and  even  secondary  suture  is  often,  successful. 

Rupture  of  the  plantaris  is  not  uncommon.  This  muscle  arises 
from  the  back  of  the  femur  just  above  the  external  condyle,  and  is 
inserted  into  the  posterior  surface  of  the  os  calcis.  It  is  analogous  to 
the  palmaris  longus.and,  like  that  muscle,  is  occasionally  absent.  The 
muscular  belly  (about  3  or  4  inches  long)  is  inserted  into  a  long,  narrow 
tendon.  During  a  sudden  motion,  as  in  lawn-tennis,  wrestling,  boxing, 
etc.,  a  sharp  stinging  pain  is  felt  in  the  calf,  like  a  whip-stroke.  The 
part  is  tender,  and  soon  becomes  swollen,  and  probably  ecchymosed. 
The  patient  should  be  put  to  bed  and  the  leg  immobilized  on  a  ham- 
splint.  In  a  few  days  he  may  get  up  .ind  walk  (at  first  with  crutches  or 
cane),  keeping  the  heel  to  the  ground.  The  injury  is  of  no  great  con- 
sequence, and  the  patient  will  probably  recover  entirely  in  a  couple  of 
weeks  or  so. 

Rupture  of  the  Biceps  of  the  Arm — Though  the  muscle  itself  is 
rarely  ruptured,  its  tendons  are  more  frequently  the  seat  of  this  injury 


F]c;.  37J  — ^ttpimc  'A  (he  tendon  of  11>r  long  hniil  of  ih?  biceps. 


than  ts  generally  supposed.  The  long  tendon  which  arises  from  the 
upper  border  of  the  glenoid  fos.sa  is  most  frequently  ruptured  of  all 
the  parts  of  this  muscle,  and  this  is  especially  liable  to  occur  where  tlie 
tendon  has  been  worn  to  a  thin  ribbon,  as  in  cases  of  rheumatoid  arthri- 
tis of  the  shoulder-joint.     It  generally  gives  way  at  or  close  to  its 
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origin,  and  slides  down  the  bicipital  groove,  where  in  time  it  acquire  a 
new  attachment.  During  unusual  exertion  in  lifting,  a  snap  is  fdlby 
the  patient,  as  of  something  giving  way,  and  the  arm  falls  hdplew. 
The  arm  cannot  be  flexed  voluntarily  at  the  elbow,  the  attempt  to  do 
so  causing  pain  referred  to  the  shoulder  and  along  the  bicipital  gromt 
This  region  is  very  tender  and  may  be  ccchymosed.  The  deformitj'  i» 
characteristic.  The  muscular  belly  of  the  biceps  is  unduly  prominent, 
but  is  soft  and  flabby  to  the  touch.  The  outer  head  of  the  muscle  has 
collapsed  downward,  and  just  below  the  lower  margin  of  Uie  deltoid 
there  is  an  unnatural  depression  (Fig.  372)  in  which,  by  deep  prcssurr, 
the  lower  end  of  the  prolapsed  tendon  can  be  ftlt. 

The  arm  should  be  bandaged  from  the  hngcrs  to  the  shoulder  and 
placed  in  a  sling. 

When  the  tendon  of  insertion  is  ruptured,  it  is  most  frequently  ton 
away  from  its  insertion  into  the  tubercle  of  the  radius.     The  injury  nai 


Fit;.  J73.— Huplurp  of  the  tendon  of  iriKitlon  of  the  biceps  (author's  easel. 


be  recognized  by  the  history  of  the  case  and  by  the  existence  of  a 
transverse  gap  across  the  front  of  the  arm  just  above  the  elbow  (Fig. 
373).  In  such  a  case  an  attempt  should  be  made  by  open  incision  to 
stitch  the  two  ends  together.  The  writer  was  once  obliged  to  sew  the 
tendon  to  the  brachialis  anticus  beneath  it,  as  the  entire  tendon  had 
been  torn  away  from  the  bone.  The  arm  should  be  kept  in  a  position 
of  acute  flexion,  with  supinated  forearm,  for  three  or  four  weeks,  after 
which  passive  motion  and  massage  may  be  started.  The  sliort  head 
of  the  biceps  is  rarely  ruptured,  and  still  more  rarely  the  belly  of  tlie 
muscle  itself. 

Rupture  of  the  Tendon  of  the  Quadriceps  Extensor,  etc — Rupture 
of  the  tendon  of  the  quadriceps  just  above  the  patella  is  caused  by 
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the  same  forces  that  cause  a  fracture  of  the  patella  itself  There  is 
a  violent  action  of  the  muscle  when  the  knee  Is  slightly  bent.  The 
patient  experiences  a  sudden  pain, 
and  he  cannot  stand  or  extend  his 
thigh.  There  is  a  marked  transverse 
gap  across  the  front  of  thigh  just 
above  the  patella,  made  more  evi- 
dent by  the  bunch  of  contracted 
muscle  above  it  (Fig.  374).  An 
attempt  should  be  made  to  stitch 
together  the  torn  ends  of  the  ten- 
don, as  otherwise  the  disability  is 
pretty  sure  to  be  total  and  perma- 
nent. After  this  the  leg  should  be 
kept  in  position  of  extension  for 
several  weeks.  Rupture  of  the 
ligameittiiin  pntdlis  is  occasionally 
met  with.  If  it  is  found  po.'isible  to 
do  so.  it  should  always  be  united 
by  sutures.  The  teiiilo  Achillis 
may  be  ruptured — an  injury  easily 
recognized.  The  torn  ends  should 
be  stitched  together,  the  knee 
strongly  flexed  and  the  foot  ex- 
tended, and  this  position  maintained  for  three  or  four  weeks.  The 
surnomastoid  of  the  child  has  been  ruptured,  partially  or  completely. 


KlG.   374. — Ruplurc   of    ihe    u  ii.j...ii 
quadriceps  exlrnsor. 


Ilr..  375— Drawing  from  a  specimen  inlhe  Warren  Museum  ai  llif  H  iirv.inl  Medical  School, 
■•Ion.  A  ting  wiiich  ihp  pi-r^jn  wore  on  Ihc  liltlc  finger  caught  on  n  noil,  and  Ihc  end  of 
r  finger  wns  turn  off.  bnnging  wiih  il  ihe  lleior  [cndon. 

by  the  use  of  instruments  in  difficult  labors;  the  rectus  ahdmnims  m 
parturition  and  in  tetanus  ;  some  of  X\\fi  flexors  of  thi  forearm  in  allik-tic 
sports;   and  the  addiielors  of  the  thigh  in  spasmodic  eflbrts,  during 
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riding,  to  retain  the  seat  in  the  saddle.  The  triceps  of  the  arm  and  the 
psoas  have  also  been  ruptured. 

Thus  far,  mention  has  been  made  of  rupture  by  voluntary  effort 
only;  but  muscles  and  tendons  may  be  extensively  torn  in  dislocations 
and  in  fractures  by  splinters  of  bone.  Tendons  may  be  pulled  away 
from  their  muscles,  as  is  occasionally  seen  when  a  finger  is  torn  off  by 
machinery,  bringing  with  it  one  or  more  of  the  long  tendons  which  are 
inserted  into  it  (Kijj.  375). 

The  flat  abdominal  miacUs  may  be  ruptured  by  extreme  violence, 
even  wht;n  the  skin  is  not  torn  through,  as  when  a  wagon-pole  is  driven 
with  great  force  into  the  abdomen.  In  case  the  person  sur\'ives  the 
iiijurj',  ventral  hernia  is  the  probable  result. 

Dislocation  of  Tendons. — A  dislocation  of  a  tendon  is  an  uncom- 
mon accident.  It  occurs  perha]}s  most  frequently  to  the  ^iroKtW /cw- 
dons,  which  may  become  dislocated  from  their  groove  behind  the  exter- 
nal malleolus.  This  dislocation  is  easy  to  reduce  by  extending  the 
foot  and  manipulating  the  relaxed  tendons  back  into  place.  Once 
reduced,  however,  they  have  a  constant  tendency  to  spring  out  again, 
and  an  operation  may  be  called  for  to  narrow  the  enlarged  sheath  or  to 
deepen  the  bony  groove.  A  few  cases  have  been  reported  of  disloca- 
tion of  the  tcitdon  of  the  long  head  of  the  biceps,  though  it  would  hardly 
seem  as  if  this  injury  were  an  anatomical  pos.sibility.  During  a  sudden 
and  violent  twist  of  the  arm  the  tendon  slips  out  of  its  groove  to  the 
inner  side,  causing  a  sickening  pain  with  immediate  loss  of  power.  If 
the  muscle  is  relaxed  and  the  part  manipulated,  the  tendon  springs  back 
into  place  and  full  power  is  at  once  regained.  Dislocations  have  also 
been  reported  of  the  tendons  of  the  tibialis  posticus,  sartoritis,  extensors 
of  the  fingers,  etc. 

Wounds  of  Muscles. — Muscles  are  frequently  wounded  acci- 
dentally or  intentionally  (as  in  assaults,  operations,  etc.).  Such  wounds 
may  be  punctured,  incised,  contused,  or  lacerated.  The  injured  muscle 
can  usually  be  seen  in  the  open  wound. 

Treatment. — The  entire  wound  and  the  skin  for  a  considerable  area 
about  it  should  be  thoroughly  cleansed  and  rendered  a.septic.  The 
wound  should  then  be  inspected,  any  foreign  bodies  which  may 
have  lodged  there  removed,  and  shreds  of  tissue  which  are  only  par- 
tially attached  should  be  trimmed  off.  If  the  muscular  fibers  have  drawn 
away  from  one  another,  leaving  a  gap.  an  attempt  may  be  made  to  unite 
them  by  animal  suture  (preferably  catgut),  and  the  skin  stitched  together 
over  them.  Wounds  which  are  too  small  to  be  properly  in.spected  may 
be  cleansed  by  irrigation  and  the  curet.  or  may  be  freely  laid  open 
and  treated  on  the  general  plan  outlined  above. 

Wounds  of  Tendons. — As  is  the  case  in  muscles,  the  tendons 
that  are  most  often  wounded  lie  nearest  to  the  surface,  and  it  is  for  this 
reason  that  the  tendons  about  the  wri.st  and  hand,  ankle  and  foot,  most 
frequently  suffer  in  this  way,  A  wound  in  a  tendon  is  usually  incised 
or  lacerated. 

Diagnosis. — In  case  a  wound  is  near  a  tendon,  the  diagnosis  of  sev- 
ered tendon  is  highly  probable  when  there  is  complete  loss  of  power  in 
the  part  to  which  the  tendon  goes ;  but  a  positive  diagnosis  can  hardly 
be  made  unless  at  least  one  end  of  the  divided  tendon  is  seen. 
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Treatment. — When  a  tendon  is  completely  divided,  the  only  rational 
treatment  is  to  find  the  ends,  bring  them  together,  and  stitch  them.  It 
is  highly  important  th,it  as  nearly  as  possible  the  normal  length  of  the 
tendon  and  its  original  mobility  should  be  preserved.  An  anesthetic 
should  be  given  to  the  patient  and  a  tourniquet  applied,  after  which 
the  wound  should  be  thoroughly  cleansed  and  examined.  If  both  ends 
of  the  tendon  are  not  at  once  visible,  the  limb  should  be  placed  in  such 
a  position  as  to  relax  the  mu.scle  to  which  the  tendon  belongs.  It  is, 
as  a  rule,  easy  to  find  the  distal  end  of  the  tendon,  but  the  proximal 
end  is  usually  pulled  away  from  the  wound  by  its  muscle.  This  end 
is  usually  found  by  enlarging  the  wound  in  the  direction  in  which  the 
tendon  probably  lies;  but  this  method  has  the  objection  that  the  scar 
resulting  from  such  a  cut  would  presumably  increase  the  liability 
of  adhesions,  and  thus  limit  the  subsequent  mobility  of  the  tendon. 
Several  methods  have  therefore  been  devised  for  finding  the  proximal 
end.  Perhaps  the  best  of  them  is  division  of  the  skin  and  underlying 
tissue  at  some  distance  from  the  wound,  in  the  presumed  direction  of 
the  tendon.  After  the  tendon  has  been  found  and  identified  the  she.ith 
is  cautiously  opened  and  the  end  of  the  tendon  drawn  out  through  it 
and  fastened  to  the  eye  of  a  probe  which  has  been  passed  from  the 
original  wound.  This  end  can  then  be  pulled  into  the  original  wound 
and  stitched  to  the  distal  end  with  silk  or  chromicized  catgut.  A  stay- 
suture  may  be  used  if  the  tension  is  considerable  (Figs.  376.  377). 
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Fig.  376. — Simple  suture  of  divided  leadon. 


Pia.  377. — Suture  of  (he  lendon  with  refn- 
forcemenl. 


The  skin  should  then  be  united  with  sutures,  and  the  part  kept  in  such 
a  position  as  to  secure  the  greatest  amount  of  relaxation  for  the  muscle. 
Drainage  is  usually  not  necessary.  When  there  is  a  gap  between  the 
two  ends  of  the  tendon  from  loss  of  substance,  a  bridge  between  them 
may  be  made  in  the  manner 
shown  in  the  accompanying 
illustration  (Fig.  37SI. 

Tendons  from  animals  have 
been  grafted  into  such  gaps 
with  success,  and  Gluck  was 


?V:  37B. — Mvlhod  ol  trngthrning  divided  lendon. 


equally  fortunate  with  strands  of  fine  catgut.  In  three  or  four  weeks 
after  the  operation  massage  and  passive  motion  may  be  begun,  and 
should  be  faithfully  carried  on  for  months.  The  functional  results 
obtained  in  such  cases  are  usually  very  satisfactory,  occasionally  even 
when  suppuration  has  occurred.  There  is  often  great  difficulty,  when 
several  tendons  are  divided,  in  property  matching  them  ;  in  fact,  in  some 
cases  of  wounds  across  the  wrist  it  is  well-nigh  impossible  to  do  so. 
Secondary  suture  of  tendons  has  also  been  attended  with  considerable 
success.  In  such  cases  there  is  always  a  gap  to  be  bridged  over, 
owing  to  the  fact  that  there  is  usually  a  mass  of  cicatricial  tissue  to  be 
removed  before  the  ends  of  the  tendon  can  be  sutured. 
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DISEASES  OP  MUSCLES. 

1 11  flam  mat]  on  of  Muscle  (Myositis). — This  usuall; 
H  «Lili'iiiili  K>\  ihrimii"  furm,  and  is  due  to  injury,  overwork,  exposure  to 
C<ild  find  WL't.  nr  rhcumutiHin.  h  also  may  result  from  inflammation 
ii|ili'iidlin[  from  contiijUcuiH  tissue.  There  is  usually  an  exudation 
hi-lwccii  tlic  mUHi:idiir  fillers,  which  in  the  less  severe  forms  is  absorbed, 
lint  ill  llif  iiiine  ptTNisUTit  oiie.t  organizes  and  later  contracts,  thus 
cuiiijn^  tc.il  utrophy  of  ihe  muscular  fibers  themselves.  Occasion- 
ally till'  iiid.unniiilion  m.iy  advance  to  suppuration.  In  very  rare 
ItiNtanero  iwnification  lakes  place  in  various  muscles  in  the  body  (myo- 
nltii  iw.^lfieans).  The  cause  and  jwlhology  of  this  disease  are  as  yet 
nnl.iii'wii 

5ym|ttumii. — I'ain  and  stiffness  arc  prominent  symptoms.  The  pain 
im  ollen  seviTc,  c:iiKvi.dly  at  nii;ht.  The  area  over  the  affected  muscle 
U  tfxlivincly  tender  and  often  swollen.  The  pain,  tenderness,  and  sliff- 
IWM  In  the  muscle.t  of  the  back  from  which  many  individuals  suffer 
litT  pmbably  due  in  a  certain  proportion  of  cases  to  some  fonn  of 
my\wilis, 

1>Mtm«nt. — Rest  is  cspct.-ially  necessary-  in  myositis,  togetbcr  with 
oouiitciuitUliiMi  (in  the  ftmtt  -d  friction  with  liniments)  or  hot  ^^lkA< 
trans.     The  tKiwels  should  be  k«pt  open  and  a  light  diet  prescribed. 
In  CMf  !>U)^titrattiiW  occuts,  an  incision  should  be  made  and  tlic  cavi^  \ 
>N-«!ihc«l  iHit  am)  dniiK^l     In  nur  cases  an'ositis  occurs  in  a  very  acute , 
fiM«i,  when  It  is  ^>enl^-  p^v>CTrssi^T,  and  soon  proves  &taL 

Tubcrcnlftr  And  STpt^tlc  I>iscase. — Mosdcs  m^ 
«lt>'  tte  tt»c  !ic«t  of  tubcfwlar  or  sx-plabtic  dcporriti.  the 
«Uy  <K!»i'<iMc<iI  «'Ml  twberciohgis  in  sonc  ofijVwnt  bone  or  toaa.  and  { 
^  bncT  WM%  iffBMiwc  m  dK  fana  *i  cHM^a.    b 
sMtrd  iKm  OTWMte  arc  <my  iw.qtj«ri>  fa^J  ■  ife 
MNRcW  v^  v-Mlrm  bora  with  iaht.i>n.i  stftSt;  hM  t^cse 
«K  pwhaMy  la  •  vtiy  toy  fwtiwiina  of  cg«s  doe  m  ravme  af  Ae 

<JIr  *<r<.  "  x'  TKTSKant  caecstiac.    Ike  faA*  afi 

h. 


DISEASES  OF  AfVSCLES. 


761 


I 


I 


cle  still  reacts  to  electricity,  though  its  size,  strength,  and  tone  are 
diminished.     Such  cases  call  for  exercise,  massage,  electricity,  etc. 

Another  form  of  atrophy,  due  generally  to  interference  with  the 
nerve-supply,  and  sometimes  due  to  injury,  is  called  atrophy  zvith 
di generation,  because  the  muscular  fibers  have  undergone  some  form 
of  degeneration  (fatty,  waxy,  granular,  or  vitreous).  The  function  of 
the  muscle  is  either  partly  or  wholly  lost,  and  the  electrical  reaction  is 
greatly  diminished  or  absent.  This  variety  of  muscular  atrophy  is  an 
especially  prominent  feature  in  progressive  muscular  atrophy,  infantile 
paralysis,  and  pseu do- hypertrophic  paralysis. 

Transplantation  of  Tendons. — The  procedure  by  which  the  distal 
tendon  of  a  liealthy  muscle  is  cut  across  and  its  proximal  end  is 
stitched  firmly  into  the  tendon  of  a  paralyzed  muscle  is  an  operation 
which  belongs  more  properly  under  Orthopedic  Surgery  than  here, 
yet  a  few  words  concerning  it  may  not  be  out  of  place  in  this  con- 
nection. 

The  operation,  which  is  a  comparatively  new  one,  has  thus  far  been 
confined  to  cases  of  paralysis  of  certain  muscles  of  the  lower  extrem- 
ity, when  deformity  has  resulted  on  account  of  the  active  muscles, 
whose  antagonists  are  paralyzed,  pulling  the  foot  or  leg  into  a  position 
of  uselessness  or  deformity.  Under  such  circumstances  it  is  desirable 
not  only  to  correct  the  deformity,  but,  by  counterbalancing  the  traction 
of  the  active  muscles  whose  antagonists  are  paralyzed,  to  prevent  a 
recurrence  of  the  deformity;  and  it  is  precisely  this  effect  which  the 
transplantation  of  tendons,  as  here  described,  is  designed  to  accom- 
plish. 

The  healthy  peroneus  longus  has  been  transplanted  into  the  tendo 
Achillis.  into  the  tendon  of  the  tibialis  posticus,  and  into  that  of  the 
tibialis  anlicus.  The  tibialis  anticus  tendon  has  been  inserted  into  the 
tendon  of  the  extensor  proprius  pollicis  ;  and  the  paralyzed  rectus  femo- 
ris  has  been  reinforced  by  the  implantation  of  the  sartorius. 

The  results  of  cases  thus  far  recorded  have  been  sufficiently  satis- 
factory to  justify  the  operation. 

Functional  Disorders. — A  muscle  may  temporarily  lose  its 
power  as  a  result  of  overwork,  strain,  exposure  to  cold.  etc.  It  may 
or  may  not  be  subject  to  spasm  also.  Groups  of  muscles,  especially 
those  which  combine  to  carry  out  the  motions  necessary  for  a  certain 
action,  may  be  similarly  affected,  the  loss  of  power  or  the  spasm  being 
particularly  marked  when  the  attempt  is  made  to  carry  out  that  action. 
A  familiar  instance  of  ibis  is  known  as  "  writers'  cramp," 

Contractures  of  Muscle. — This  refers  especially  to  those  cases 
of  contracted  muscles  in  which  there  is  no  relaxation,  even  when  an 
anesthetic  is  given,  and  not  to  that  class  of  reflex  contractions  accom- 
panying fractures,  inflamed  joints,  hysteria,  etc.  The  simplest  forms 
of  contracture — such,  for  instance,  as  result  from  a  part  remaining  a 
long  time  in  one  position — should  be  treated-with  passive  motion,  mas- 
sage, etc.  But  if  this  treatment  fails,  and  also  in  the  more  serious 
forms  of  contracture  where  there  is  permanent  contraction  of  the 
fibrous  elements  of  the  sheath  and  atrophy  of  the  muscular  fibers, 
the  patient  .■'hould  be  etherized,  and  an  attempt  made  to  overcome  the 
contraction  by  force.     This  will  be  successful  in  all  except  the  most 
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serious  forms,  where  tenotomy  will  be  found  necessary.  Tenotomy 
may  be  done  by  the  subcutaneous  or  the  open  method,  the  latter 
havinj-  the  advantage  of  enabling  the  operator  to  see  what  he  is  doing, 
and  thus  avoid  damaging  important  parts.  The  tendon  may  be  cut 
transversely,  or,  what  is  often  better,  may  be  split  lengthwise  and  cut 
out  at  the  two  ends  in  opposite  directions  transversely  or  obliquely. 


"^ 


^ 


Fig.  379. — Method  of  lengthen iDg  a  tendon. 

The  part  should  then  be  forced  into  the  normal  position,  the  two  ex- 
tremities of  tendon  united  with  catgut  or  silk,  and  the  wound  closed 
(Fig-  379)-  The  result  of  tenotomy  performed  by  either  method  is 
usually  most  satisfactory. 

Tumors  of  Muscle. — Tumors  of  muscle,  exclusive  of  those  which 
affect  the  uterus,  are  rare.  Most  varieties  of  tumor  have  been  found, 
hswever,  sarcoma  and  its  combinations  being  perhaps  the  mo.'Jt  fre- 
quently met  with.  They  should  be  dealt  with  in  accordance  with  the 
general  rules  for  the  treatment  of  tumors. 
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A  tendon-sheath  is  a  closed  sac  which  partially  or  completely  sur- 
rounds a  tendon,  its  inner  layer  being  adherent  to  it.  Those  tendons 
which  possess  sheaths  are  located  chiefly  about  the  wrist,  hand,  and 
ankle. 

Inflammation  of  the  Tendon-sheaths  (Tenosynovitis). — 
Several  varieties  are  met  with:  1.  Acute  simple  tenosynovitis;  2, 
Suppurative  tenosynovitis ;  3.  Chronic  tenosynoviti.s. 

Acute  simple  tenosynovitis  frequently  follows  ovenvork,  sprains, 
and  other  injuries.  This  form  of  the  di.sease  is  generally  met  with  in 
one  or  more  of  the  tendon-sheaths  near  the  wrist,  especially  in  those 
of  the  extensor  tendon  of  the  thumb  or  fingers,  and  occasionally  in 
connection  with  the  peroneal  tendons  or  exten.sors  of  the  foot.  There 
is  an  elongated,  irregular  swelling  over  the  region  of  the  affected 
sheath,  from  effu.sion  into  the  sheath,  and  the  part  is  tender  and  pamful. 
especially  on  movement.  In  the  early  stages  a  soft  crepitus  can  usu- 
ally be  felt  when  the  tendon  moves  to  and  fro  in  its  sheath  (teno- 
synovitis crepitans). 

Treatment. — Gentle  pressure  should  be  applied  by  covering  the  part 
with  a  layer  of  contractile  collodion  or  by  sheet  wadding,  and  immo- 
bilizing the  part.  Usually,  under  this  treatment  the  inflammation  sub- 
sides in  a  few  days,  and  the  exudation  is  absorbed.  Occasionally, 
adhesions  or  chronic  inflammation  may  result. 
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Suppurative  tenosynovitis  results  from  direct  infection  of  the 
sheath  ivitii  ptis-prodiicin<;  organisms,  or  from  suppurative  inflamma- 
tion in  the  neighboring  structures.  This  condition  is  also  occasionally 
met  with  in  connection  with  gonorrhea  or  pyemia,  either  of  these 
diseases  appearing  primarily  in  the  sheath,  or  secondarily  to  some 
joint-affeclion.  Acute  suppuration  of  the  tendon-sheaths  on  the  front 
of  the  hand  and  wrist  occurs  so  frequently  in  some  forms  of  whitlow 
(the  thecal  variety)  as  to  merit  a  special  consideration. 

Thecal  whitlow  (felon)  usually  follows  some  wound  on  the  finger, 
but  occasionally  appears  without  apparent  cause.  The  suppurative 
inflammation  usually  starts  from  the  end  of  one  of  the  fingers  and 
spreads  rapidly  over  the  flexor  surface  of  that  finger.  If  this  condition 
is  neglected,  sloughing  of  the  tendon  or  necrosis  of  one  or  more  of  the 
phalanges  may  result,  as  well  as  invasion  of  some  of  the  phalangeal 
or  carpal  joints,  in  which  case  the  finger  becomes  distorted  and  useless. 
Septicemia  and  pyemia  have  been  known  to  ensue.  A  special  anatom- 
ical arrangement  of  the  sheaths  of  the  flexor  tendons  makes  it  possible 
for  suppuration  in  the  sheaths  of  the  tendons  of  the  thumb  and  little 
finger  to  travel  up  to  the  palm,  and  even  under  the  annular  ligament 
into  the  forearm,  with  amazing  rapidity  (Fig.  380).  Whitlow,  therefore, 
forming  on  either  of  these  fingers  is  far  more  dangerous  than  on  either 
the  fore,  middle,  or  ring  fingers. 

Symptoms. — Acute  suppuration  in  tendon-sheaths  extends  rapidly 
throughout  the  entire  length  of  the  sheath,  and  is  accompanied  by  the 


n,  380, — Diagram  showing  arrangemrnt  of 
flexor  ahcaihs  on  the  front  of  ihf  hamr 


PtG.  3B1. — Diagram  showing  proper 
incisions  into  (he  paLmr 


usual  symptoms  characteristic  of  acute  suppuration.  In  whitlow  the 
pain  is  extreme  and  of  the  throbbing  kind,  increased  almost  beyond 
endurance  when  the  hand  hangs  down.  The  finger  appears  red,  shiny, 
swollen,  and  is  exquisitely  tender.  Lymphangitis  and  brawny  infiltra- 
tion of  the  tissues  of  the  forearm  may  follow  as  the  inflammation 
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travels  upward.     In  pyemia  suppuration  appears  insidiously  iii  one  or 
more  sheaths  without  causing  special  symptoms  except  swelling. 

Treatment. — Before  the  presence  of  pus  is  evident,  hot  creolin  baths  j 
and  creolin  poultices  may  be  employed  with  advantage;    but  when 
suppuration  has  taken  place,  a  free  incision  (Fig.  381)  should  be  made 
at  once,  and  the  entire  track  of  the  abscess  cleaned,  washed  out,  audi 
scrubbed  with  hydrogen  pcroxid.     If  immediate  incision   is  made,  iti 
prevents  the  spreading  of  the  suppurative  process  to  other  structures, 
and  probably  save.s  the  tendon.     Free  drainage  should  always  be  used. 
The  palmar  incision  of  W.  A.  Brooks  (see  page  73)  has  much  to 
recommend  it. 

Chronic  tenosynovitis  may  be  chronic  from  the  beginning,  or  may' 
result  from  reijeated  acute  and  subacute  attacks,  especially  in  indi- 
viduals who  have  a  tendency  to  tuberculosis.  There  are  several  vari- 
eties of  the  disease,  though  modern  pathol- 
ogy considers  a  very  large  proportion,  if  not 
all,  of  them  to  be  tuberculou.s.  The  sheath 
is  distended  with  fluid,  which  may  be  serous, 
somewhat  turbid,  or  gelatinous,  and  may 
contain  numerous  small  bodies,  the  so-called 
"melon-seed  bodies,"  which  are  made  up  of 
concentric  layers  of  fibrinous  material,  and 
which  float  freely  within  the  .sac.  The  lining 
of  the  sac  may  be  .smooth  or  roughened  with 
fibrinous  deposit.  Instill  another  form  of  the 
disea.se,  the  so-called  "fungous"  variety,  the 
sac  is  filled  with  granulations,  which  may 
burst  beyond  the  limits  of  the  distended  sac 
and  invade  the  neighboring  structures.  The 
sheaths  most  frequently  affected  are  those  on 
the  front  of  the  wrist  (the  so-called  great 
carpal  bursa),  the  back  of  the  wrist,  the  dor- 
sum of  the  foot,  and  behind  the  external 
malleolus  (the  sheaths  of  the  peroneal  ten- 
dons). 

Signs. — The  disease  appears  as  a  chronic 
elongated  swelling  over  the  tendon.  There 
is  tittle  or  no  pain  or  tenderness,  and  the  skin  is  usually  not  reddened. 
The  swelling  is  soft  and  elastic,  and  gives  an  indistinct  feeling  of  fluc- 
tuation. When  the  great  palmar  bursa  is  aflccted,  there  is  a  swelling 
in  the  palm  and  also  one  above  the  wrist,  the  two  being  separated  by 
a  constriction  at  the  level  of  the  annular  ligament  (Fig.  382).  As 
the  fluid  is  pressed  from  one  swelling  to  the  other,  a  peculiar  soft 
crepitation  may  occasionally  be  felt,  which  is  caused  by  the  melon- 
.seed  bodies  passing  under  the  annular  ligament.  Some  of  the  sheaths 
of  the  other  flexor  tendons  of  hand  or  fingers  may  be  affected  at  the 
same  time.  In  the  fungous  variety  of  the  disease  the  skin  may  become 
involved  and  break  down,  resulting  in  ulcerations  and  sinuses. 

Treatment. — Although  mo.st  cases  of  chronic  tenosynovitis  are 
probably  tubercular,  and  will  resist  all  ordinary  forms  of  treatment, 
it  may  be  well  in  simple  cases  to  try  the  effect  of  immobilization,  firm 


Fig,  3B1. — Chronic  leno- 
synovitis  of  the  flexor  icndon- 
shefllhs  on  Ihc  troni  of  Ihe 
wrisl. 
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compression,  counterirritation,  etc.,  combined  with  tonics  and  good 
hygienic  surroundings.  If  these  fail  after  faithful  trial,  the  entire  sac 
with  all  its  contents  should  be  carefully  removed  by  dissection,  together 
with  any  tissue  outside  the  sac  which  appears  to  be  affected.  The  use 
of  an  Esmarch  tourniquet  will  greatly  simplify  the  operation.  The 
functional  result,  especially  when  the  disease  is  primary,  is  usually 
very  satisfactory,  and  in  most  cases  there  is  no  recurrence  of  the 
disease. 

Ganglion. — A  ganglion,  or  "  wee  ping- si  new,"  as  it  is  sometimes 
called,  is  a  round,  firm  swelling  in  connection  with  a  tendon-sheath. 
It  has  thin  walls  and  a  synovial  lining,  and  contains  a  thick  gelatinous 
fluid.  Its  most  common  situation  is  on  the  dorsal  aspect  of  the  wrist, 
where  it  lies  in  intimate  connection  with  the  sheath  of  one  of  the 
extensor  tendons  of  the  fingers  (Fig.  383).  It  is  also  occasionally  seen 
in  connection  with  the  flexor  tendons  on  the  anterior  surface  of  the 
wrist,  or  even  in  the  palm.     Its  mode  of  formation  is  not  entirely  clear. 


Fig.  383. — Ganglion  on  Ihe  bock  of  the  wiisi. 


though  it  is  probably  developed  from  a  protrusion  of  a  pouch  of  syno- 
vial membrane  of  the  tendon-sheath  through  some  aperture  in  its 
fibrous  envelope.  This  pouch  becomes  larger  and  larger,  possibly  as 
the  result  of  excessive  secretion  of  synovial  fluid  from  overuse  of  the 
tendon,  sprain,  etc.  Apparently  in  most  cases  the  neck  of  the  sac 
becomes  more  and  more  constricted,  and  finally  its  lumen  is  obliterated, 
so  that  all  connection  with  the  cavity  of  the  tendon-sheath  is  shut  off. 

Treatment. — A  ganglion  may  be  treated  by  subcutaneous  rupture, 
subcutaneous  incision,  or  by  excision  of  the  sac  and  its  contents.  It  is 
usual,  when  the  situation  of  the  ganglion  will  allow  it,  to  try  these 
various  expedients  in  the  order  here  given.  Thus,  a  ganglion  on  the 
back  of  the  wrist  is  made  prominent  by  strongly  flexing  tlie  wrist, 
when  the  sac  is  ruptured  by  firm  pressure  with  both  thumbs,  or  by  a 
quick  blow  with  a  heavy  book.  It  is  well  after  this  to  keep  the  hand 
and  forearm  confined  to  a  splint  for  a  few  days,  with  firm  pressure 
applied  over  the  seat  of  the  ganglion.  Even  after  successful  rupture, 
however,  the  sac  m.iy  refill,  and  a  different  kind  of  treatment  should  be 
used.  The  skin  may  be  pulled  to  one  side  over  the  swelling,  and  a 
tenotome  passed  quickly  into  the  cavity  of  the  sac.  The  inner  lining 
of  the  sac  is  then  scarified  by  the  tip  of  the  tenotome,  or  the  entire  sac- 
wall  divided  subcutaneously,  after  which  the  contents  of  the  sac  are 
squeezed  out  and  the  skin  allowed  to  slide  back  to  its  proper  place. 
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thus  leaving  a  long  oblique  opening  into  the  sac.  which  diminishes  the 
danger  of  infection.     The  last   resort  in  these  cases  is  excision  of  the  ■ 
entire  ganglion — an  operation  which,  properly  done,  is  invariably  sue-' 
cessful  in  preventing  a  return  of  the  condition. 

Dupuytren's  Contraction  of  the  Palmar  Fascia. — This  isa  con- 
dition in  the  palm  of  the  hand,  which,  from  its  appearance  and  from  the 
fact  that  one  or  more  fingers  are  permanently  flexed,  formerly  gave  rise 
to  the  impression  tliat  it  was  due  to  a  contraction  of  the  flexor  muscles 
or  tendons.  Baron  Dupuytren  was  the  first  to  point  out  that  the  con-, 
dition  is  entirely  due  to  a  contraction  of  the  palmar  fascia,  and  since  that ' 
time  tile  disease  has  always  borne  his  name.     The  fa.scia  in  the  palm 

opposite  one  or  more  of  the  fingers  (the  dis- 
ease usually  begins  opposite  the  ring  or  little 
finger,  and  may  spread  to  the  others)  is  thick- 
ened and  projects  from  the  palm  in  the  form 
of  one  or  more  rounded  cords  or  bands  to 
which  the  skin  is  quite  firmly  adherent,  being 
disposed  over  it  in  many  transverse  folds  and 
depressions.  One  finger  only  may  be  flexed, 
or  several  in  different  degrees.  The  flexion 
may  be  sHght.  or  it  may  be  so  extreme  that 
one  or  more  fingers  are  brought  into  the  palm 

(Fig-  384)- 

The  condition  is  more  frequent  in  men 
than  in  women,  and  is  oftcner  found  in  the 
right  than  in  the  left  hand,  though  occa.'^ion- 
ally  in  both.  Though  this  contraction  prob- 
ably results  from  some  form  of  chronic  in- 
flammation, its  exact  cause  is  not  at  all  clear. 
In  certain  cases  it  seems  to  have  been  traced 
to  some  slight  or  repeated  injury  or  to  the 
continuous  use  of  certain  tools.  It  has  also 
been  attributed  to  rheumatism,  though  prob- 
ably without  sufficient  reason. 
Treatment. — Forcible  extension  does  no  good  wiiatever.  The 
deformity  returns  just  as  soon  as  the  extension  is  discontinued.  Opera- 
tion is  the  only  means  by  which  a  ciire,  or  even  improvement,  can  be 
expected;  and  even  with  operation  a  certain  amount  of  recontraction 
may  occur,  especially  if  the  wound  fails  to  heal  by  primary  union.  The 
contracted  bands  may  be  divided  by  multiple  subcutaneous  incisions, 
or,  what  seems  better,  they  may  be  dissected  out  freely  through  an  open 
incision  in  the  palm.  A  V-shaped  incision,  with  apex  toward  the  fin- 
gers, is  strongly  advised,  as  giving  the  operator,  on  lifting  the  flap,  more 
room  to  dissect  out  all  the  contracted  bands,  and,  by  placing  the  .skin- 
incision  away  from  the  tendon,  to  minimize  subsequent  recontraction 
after  the  wound  has  healed.  The  finger  should  be  kept  extended  for 
two  or  three  weeks  after  the  operation,  and  later,  massage  should  be 
used. 

A  slight  degree  of  Dupuytren's  contraction  which  shows  no  ten- 
dency to  increase  does  not.  as  a  rule,  call  for  any  operation  whatever. 
Hanuner-toe. — This  is  a  common  deformitv  in  which  the  tendons 


Fk;.  3 B4 .^Dupuytren '5  con- 
tmciion  of  llie  palmar  ^cia 
(after  Keeves). 
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and  muscles  take  sufficient  part  to  justify  its  consideration  here.  The 
deformity  is  most  frequent  in  the  second  toe.  though  it  may  exist  in  any 
of  the  smaller  toes.  Both  feet  are  often  affected.  The  first  piialanx  is 
extended,  the  second  strongly  and  rigidly  flexed,  and  the  terminal  pha- 
lanx either  in  a  straight  hne  continuous  with  the  second,  or  extended 
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Fig.  385. — Hammtr-ioe. 

upon  it  (Fig.  385).  A  callus  forms  over  the  head  of  the  first  phalanx, 
and  another  on  the  tip  of  the  toe.  these  representing  the  places  sub- 
jected to  the  greatest  friction  when  the  foot  is  moved  within  ihe  shoe. 
As  might  be  expected,  this  condition  makes  walking  difficult  and  pain- 
ful. Though  inheritance,  rheumatism,  and  gout  have  often  been  consid- 
ered responsible  for  this  deformity,  it  is  probable  that  the  most  frequent 
if  not  the  sole  cause  is  to  be  found  in  the  wearing  of  shoes  which  are 
either  too  short  (thus  pressing  the  toes  back)  or  too  narrow  at  the  tip 
(thus  squeezing  the  toes  together),  or  both.  Assuming  that  hammer- 
toe is,  as  the  writer  believes  it  to  be,  invariably  caused  by  defective  foot- 
wear, its  development  may  be  explained  as  follows:  An  unusually  long 
second  toe  is  forced  backward  by  a  short  shoe,  and  at  the  same  time, 
on  account  of  lateral  crowding,  is  overridden  by  the  great  toe  on  one 
side  and  the  third  toe  on  the  other.  The  tip  of  the  second  toe  is  never 
again  able  to  return  to  its  proper  level,  but  is  forced  more  and  more 
backward  by  the  encroachment  of  the  two  neighboring  toes.  During 
this  process  the  first  phalangeal  joint  becomes  strongly  flexed  and  pro- 
jects above  the  level  of  the  first  and  third  toes,  which  come  closer 
and  closer  together  above  its  tip.  This  deformity  is  kept  up  by  the 
persistence  of  the  conditions  which  originally  caused  it — that  is,  the 
continuing  to  use  improperly  shaped  shoes.  All  the  structures  (includ- 
ing muscles,  tendons,  and  especially  ligaments)  which  are  made  slack 
by  this  position  contract,  the  ends  of  the  bones  accommodate  them- 
selves to  the  new  condition,  and  rigidity  results. 

Treatment. — In  cases  where  the  deformity  has  not  fully  developed, 
and  especially  if  the  subject  is  youthful,  an  attempt  may  be  made  to 
correct,  or  at  least  lessen,  the  deformity  by  passive  motion,  by  the 
wearing  of  loose  but  well-fitting  shoes  which  allow  full  play  of  the 
toes,  or  by  the  continued  use  of  some  mtckanical  dcx'ice.     Subcutaneous 
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itivhirm  lit  the  coiitnictcd  ligaments  about  the  first  phalangeal  joint 
Itiii  nut  [friivrd  tri  be  of  any  (;rcat  value,  and  teiiotowy  of  ^exov  tendons 
with  fiirillilc  cxlennioii  by  which  these  bands  are  ruptured  has  met 
wllh  nnlyjKiHi.il  micccHN.  /Resection  o{  the  head  of  the  first  phalanx 
111  III  Ihi'  III"!  ]iliiiliinncal  joint  is  tiic  operation  which  is  now  generally 
ictiniiini'inlcd.  AHhoii^h  the  result  is  usually  an  improvement,  it  is 
fat  li<<m  liilrii,'  ideiil.  Hit-  fust  phalanx  is  apt  to  remain  hyperextended, 
Itnd  Ihcrr  1,1  n|>pre(:i;ible  bmadening  of  the  toe  at  the  point  of  resection, 
»H  n  n-itill  iif  n-tractinn  nf  the  entire  toe.  For  this  reason  the  toe  hes 
tlbovi-  (hr  i;.ip  intended  for  it,  and  not  in  it.     Fig.  386  is  taken  from  a 


INJURIES  AND  DISEASES   OF  THE  £UllSyE. 


769 


sionally  a  small  nodule  may  be  felt  on  the  palm,  which  correspond3 
to  the  thickened  portion  of  the  tendon  above  described,  Exactly  what 
this  enlargement  of  the  tendon  is.  and  whether  it  is  due  to  a  general 
thickening  of  the  tendon  or  to  an  outgrowth  from  it.  or  to  the  synovial 
fringes  within  the  canal,  is  not  known. 

As  for  the  treatment,  passive  motion  may  be  persistently  tried,  and 
if  this  fails  to  give  relief,  an  incision  should  be  made,  ojjening  the 
sheath  and  exposing  the  tendon,  after  which  any  obstacle  to  the  free 
play  of  the  tendon  may  be  removed. 


INJURIES  AND  DISEASES  OF  THE  BURSAE. 

There  are  two  kinds  of  burss  in  thi:  body — the  mucous  and  the 
synovial.  Mucous  burs(e  are  loose  irregular  sacs  in  the  subcutaneous 
tissues,  containing  a  clear  viscid  fluid.  They  are  found  over  bony  pro- 
jections, such  as  the  olecranon,  patella,  tip  of  the  os  calcis,  malleoli, 
etc.  Burs^e  similar  to  these  may  develop  of  themselves  just  under  the 
skin  from  unusual  friction,  as  on  the  dorsum  of  the  foot  in  cases  of 
extreme  talipes  varus,  on  a  projecting  spinal  hump  resulting  from  Pott's 
disease,  under  corns,  etc.  Synoinal  bursts  are  placed  more  deeply  in  the 
body  than  the  mucous  variety.  They  lie  between  tendons  or  between 
tendons  and  bone.  When  they  occupy  a  position  near  a  joint,  they  are 
very  apt  to  communicate  with  the  cavity  of  that  joint,  as  is  generally  the 
case  in  the  bursa  under  the  tendon  of  the  subscapularis,  also  in  that 
between  the  iliacus  tendon  and  the  capsule  of  the  hip-joint,  and  also  in 
that  between  the  tendon  of  the  .semimembranosus  and  the  inner  head  ' 
of  the  gastrocnemius.  Alt  varieties  of  bursx  arc  subject  to  injury, 
and  are  especially  liable  to  inflammation  and  its  results. 

Injuries  of  Bnisee. — Bursa:  arc  subject  to  all  forms  of  injury. 
The  proper  treatment  of  an  injured  bursa  is  rest  and  cold  applications. 
Occasionally  bursreare  wounded,  especially  in  operations.  They  usual!/ 
heal  readily  unless  infected.  If  infected,  they  are  sure  to  suppurate. 
If  there  is  a  penetrating  wound  of  a  bursa,  especially  if  there  is  reason 
to  believe  it  an  infected  one,  the  entire  cavity  should  be  laid  open  and 
thoroughly  cleaned  out. 

Diseases  of  BurS£e. — Inflammation  of  bursae  (bursitis),  both  acute 
and  chronic,  is  extremely  common.  A  knowledge  of  the  anatomical 
position  of  the  various  burss:  is  often  of  great  assistance  in  making 
the  diagnosis. 

Acute  bursitis  is  generally  due  to  injury,  excessive  muscular  action, 
or  infection.  It  may  also  be  caused  by  extension  of  inflammation  from 
a  neighboring  joint.  The  lining  of  the  sac  is  congested,  and  fluid  i.s 
secreted,  often  with  great  rapidity.  Occasionally  there  is  some  blood 
mixed  with  the  fluid.  This  condition  may  result  in  resolution  or 
suppuration. 

Signs. — The  part  is  painful,  reddened,  swollen,  and  very  tender.  If 
suppuration  takes  place,  there  may  be  a  chill,  accompanied  by  sudden 
rise  of  tem]K-raturc  and  marked  increa.se  in  all  the  local  signs.  Fluc- 
tuation will  be  evident  sooner  or  later.  If  the  abscess  is  not  opened, 
it  will  break  of  itself  and  discharge,  possibly  leaving  a  long  sinus. 

Treatment. — When  a  bursa  is  simply  inflamed,  an  attempt  should  be 
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made  to  cause  resolution  by  immobilizing  the  part  with  splint  or  band- 
age and  placing  it  In  such  position  as  to  relax  the  muscles.  Cold  (in 
the  form  of  ice-bags)  or  hot  moist  applications  should  be  employed,  and 
in  case  an  undue  quantity  of  fluid  is  present,  the  bursa  should,  if  ac- 
cessible, be  aspirated.  When  pus  is  present,  the  cavity  should  be  freely 
laid  open,  scraped,  cleaned,  and  drained. 

Chronic  bursitis  may  begin  as  such  or  may  be  the  result  of  several 
acute  attacks.  Constant  friction  is  also  a  common  cause.  Several  dis- 
tinct conditions  may  result  from  chronic  bursitis:  (i)  The  bursa  may  be 
simply  distended  and  filled  with  a  thin  clear  fluid;  or  (2)  the  wail  may 
be  considerably  thickened,  and  lined  with  flabby  granulations  or  with 
fibrinous  deposits,  some  of  which  deposits  may  be  free  within  the  cav- 
ity of  the  bursa;  or  (3)  the  wall  may  be  so  thick  as  almost  to  obliterate 
the  central  cavity.  Suppuration  is  not  uncommon,  and  in  very  old 
cases  calcification  occasionally  takes  place.  There  is  good  reason  to 
believe  that  many  of  these  chronically  inflamed  burss  are  tuberculous. 

Signs. — The  most  prominent,  and  often  the  only,  sign  of  a  chron- 
ically inflamed  bursa  is  a  marked  bulging  under  the  skin  to  be  seen  or 
felt  when  the  bursa  is  near  the  surface ;  this  is  due  to  distention  of  the 
sac.  Some  stiflhess  may  be  present,  but  actual  pain  is  either  very 
slight  or  absent.  If  the  bursa  is  a  superficial  one,  fluctuation  can  gen- 
erally be  made  out.  This  is  not  so  evident,  however,  when  the  walls 
become  thicker ;  in  fact,  in  some  cases  they  are  so  thick  and  dense  as 
to  give  the  impression  that  the  swelling  is  solid.  If  suppuration  has 
occurred,  there  is  some  pain  with  tenderness,  and  the  skin  over  the 
bursa  is  reddened. 

TrcatmcnI. — In  cases  where  suppuration  lias  not  occurred,  aspira- 
tion followed  by  firm  compression  and  immobilization  of  the  part  is 
sufficient  to  effect  a  cure ;  but  the  bursa  is  liable  to  become  again  dis- 
tended with  fluid,  in  which  case,  if  it  is  accessible,  it  may  be  freely  laid 
open  and  curetted  and  the  skin  united  over  it.  Complete  excision  is, 
however,  the  best  treatment  for  all  except  the  simplest  forms  of  chron- 
ically inflamed  bursa;.  The  bursie  which  are  most  commonly  aflected, 
and  are  therefore  brought  most  frequently  to  the  attention  of  the  sur- 
geon, are  those  about  the  knee. 

The  prf patellar  bursa  is  perhaps  more  commonly  affected  than  all  the 
other  bursa;  in  the  body  together.  On  account  of  its  exposed  position 
on  the  tip  of  the  knee,  it  is  subject  to  frequent  injuries  and  much 
friction,  and  is  liable  to  all  the  forms  of  inflammation.  It  is  so  com- 
monly enlarged  in  domestics  as  to  give  rise  to  the  name  of  "house- 
maid's knee"  (Fig.  3S8).     Occasionally  both  knees  are  affected. 

Thf  bursa  oirr  the  tubercle  of  the  tibia  is  occasionally  chronically 
enlarged  on  one  or  both  knees.  The  situation  of  the  swelling  over  the 
tubercle  of  the  tibia  (Fig,  389)  should  at  once  distinguish  it  from  the 
foregoing. 

The  bursa  under  the  ligamentuiii  patella  is  occasionally  enlarged  and 
tender — a  condition  which  may  resemble  joint-disease.  As  Lovett  has 
pointed  out,  however,  there  is  in  inflammation  of  this  bursa  undue 
prominence  on  each  side  of  the  ligamentum  patellse.  especially  when 
the  knee  is  semiflexed,  and  at  the  same  time  the  normal  depressions 
at  both  sides  of  the  patella  remain  unaffected. 


.^ L. 
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The  bursa  under  the  quadriceps  erlensor  tendon  usually  communi- 
cates with  the  joint  and  partakes  in  its  inflammations,  but  it  may 
enlarge  on  its  own  account,  forming  a  projecting  mass  about  3  or  4 
fingers'  breadth  above  the  patella. 

The  bursa  between  tlie  tendon  of  the  semimembranosus  and  the  inner 
head  of  the  gastrocnemius  is  quite  frequently  enlarged,  forming  a  glob- 


I 

Fig.  388.— Enlarged  prepaldlar  bursa. 


Fltl.  389, — Enlarifennrni  of  Ihe  bum  over  FlC,  390. — EnlarfiMl  Ijutm  between  Ihe  len- 

tutfcrclu  a\  libia-  don  of  ihe  iemimeiubtanusus  and   the   inner 

head  of  the  gaatrocnefniiu. 

ular  fluctuating  swelling  at  the  inner  side  of  the  popliteal  space,  espe- 
cially pronnnent  and  tense  during  extension  of  the  knee  (Fig.  39O). 

Other  burs.T  in  the  body  occasionally  aflected  are  (l)  in  the  upper 
extremity,  the  subdeltoid  bursa  (when  it  is  liable  to  be  mistaken  for 
disease  of  the  shoulder-joint) ;  the  bursa  oz'er  the  tip  of  the  oleeranon 
(miners'  elbow) ;  and  that  between  the  tendon  of  the  trieeps  and  olecra- 
non (the  swelling  is  on  both  sides  of  ihc  tendon);  (2)  in  the  lower 
extremity,  the  subglutenl  bursir  (between  the  gluteal  tendons  and  the 
great  trochanter) ;  the  bursa  o^vr  the  tuber  ischii  ("  coachman's  bursa  " 
or  "  weavers'  bottom  ") ;   Ihc  bursa  between  the  iliaeus  tendon  and  the 
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capsule  of  the  hip-joint ,-  lite  bursa  tn-er  the  es  colds  and  that  between 
the  lendo  Achillts  and  the  os  ealcis ;  the  bursa  ox'er  tite  outer  malleolus 
(tailors'  bursa) ;  and.  lastly,  the  bursa  over  the  head  of  the  metatarsal 
bouc  of  the  great  toe  (the  enlargement  of  which  is  called  "  bunion  "). 

Banion. — Though  the  term  usually  refers  to  an  enlarged  bursa  at 
the  site  above  mentioned,  it  is  also  applicable  to  any  enlarged  bursa 
over  any  bony  prominence  about  the  toes. 
When  it  exists  over  the  head  of  the  metatarsal 
bone  of  the  first  toe,  it  is  almost  always  asso- 
ciated with  an  undue  prominence  of  that  part 
of  the  bone,  caused  by  a  deviation  of  the  great 
toe  outward  (hallux  valgus)  (Fig.  391).  This 
deviation  in  the  direction  of  the  toe,  and  the 
development  of  a  bunion  on  the  prominent 
head  of  the  metatarsal  bone,  are  generally,  if 
not  always,  due  to  the  same  cause — viz..  the 
continuous  wearing  of  boots  of  such  faulty 
shape  that  all  the  toes  are  crowded  together 
and  the  bony  prominences  are  subjected  to 
constant  friction. 

A  bunion  is  usually  associated  with  more  or 

less  pain  and  disability.     It  is  especially  liable 

to  inflammation  whenever  the  conditions  which 

originally  caused   the  bunion   are  allowed  to 

continue.      Occasionally    suppuration    occurs, 

when  the  pain  and  tenderness  become  extreme 

and   the   disability  complete.      If  the  case  is 

neglected,  pus  may  break  through  the  skin  (leaving  a  sinus),  or  into  the 

cellular  tissue  (causing  cellulitis  in  the  entire  neighborhood),  or  into  the 

joint  (resulting  in  destructive  arthritis). 

The  most  important  .step  in  the  treatment  of  bunions  is  the  removal 
of  pressure,  and  this  may  be  accomplished  in  the  early  .stages  by  the 
use  of  properly  shaped  boots  or  .shoes,  which  should  have  abundant 
space  in  the  tip  to  receive  all  the  toes  without  crowding.  If  inflamma- 
tion occurs,  an  ice-bag  may  be  applied,  or.  what  is  often  better,  hot 
creolin  foot-baths  may  be  frequently  used,  the  foot  being  elevated 
between-times  and  enveloped  in  hot  moist  dressings.  If  suppuration 
takes  place,  the  pus-cavity  should  be  laid  open  freely,  scraped,  washed 
with  hydrogen  peroxid,  and  drained.  If  the  joint  is  involved,  arthrec- 
tomy  or  even  amputation  of  the  toe  may  be  required. 


Fig.  391. — Bunion  vrilh  hal> 
Jux  valgiLs. 
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CRANIAL   SURGERY. 

Anatomical  Peculiarities  of  the  Scalp. — When  considering 
diseases  and  injuries  of  tlic  scalp  it  will  be  pro[>cr  to  remember  certain 
anatomical  peculiarities.  The  hairy  skin  is  intimately-  united  with  the 
tendon  of  the  occipitofron talis  muscle,  and  together  they  move  freely 
over  the  bones  of  the  head,  loose  connective  tissue  being  interposed 
between  the  two.  Blood  or  pus  will  tend,  therefore,  to  be  diffused  in 
contact  with  the  bones,  raising  the  scalp.  In  exceptional  cases  this 
e.vtends  over  the  whole  vault  of  the  cranium.  There  is  free  communi- 
cation between  the  veins  outside  the  skuli  in  the  scalp  and  the  sinuses 
inside  the  skuli  adjacent  to  the  brain.  Hence  infiammadon  of  the  veins 
without  extends  easily  to  the  veins  within.  The  same  may  be  said  of 
the  lymphatic  channels.  The  presence  of  hair  on  the  scalp  in  greater 
or  less  quantity  tends  to  retain  in  connection  with  the  skin  much  dirt, 
and  in  injuries  of  the  scalp  the  nio.st  important  thing  to  remember  is 
that  the  wound  becomes  infected  with  great  rapidity,  and  the  usual 
results  follow.  Inflammation  occurring  in  the  scalp  will  extend  and 
give  rise  to  a  great  swelling.  The  blood-tumor  so  often  seen  after 
injury  will  be  under  the  scalp  adjacent  to  the  bone,  and  may  be  so 
excessive  as  to  raise  the  entire  scalp  into  a  large  puffy  tumor. 

INJURIES  AND  DISEASES  OF  THE  SCALP. 

Injuries  of  the  Scalp. — Contused,  lacerated,  or  incised  wounds  of 
the  scalp  are  met  with,  some  penetradng  to  the  skull,  and  others  not 
It  is  usual  in  surgical  treatises  to  consider  these  various  forms  of  .scalp- 
injurj-,  yet  1  think  that,  apart  from  the  recognition  of  tlie  .iclual  amount 
of  injury  e.xisting.  as  one  method  of  treatment  is  applicable  for  all  of 
them,  ihey  may  be  spoken  of  together.  There  is  no  class  of  injuries 
which  in  the  past  has  given  more  trouble  or  at  the  present  time  is  more 
capable  of  being  rendered  innocuous  than  the  class  under  discussion. 
The  treatment  is  as  follows :  The  scalp  is  to  be  siiaved  over  and  adja- 
cent to  the  seat  of  injury,  cleansed  by  free  .scrubbing  with  a  nail-brush, 
preferably  sterilized,  using  much  hot  water  and  alkaline  soap,  then  using 
alcohol.  This  cleansing  is  to  be  extended  to  torn  and  bleeding  sur- 
faces. If  the  wounds  are  lacerated,  as  in  railway  injuries  and  machinery 
acddcnts,  and  dirt  and  grease  ground  into  the  tissues,  by  means  of  the 
nail-brush  with  soap,  ether,  and  alcohol  the  tissues  are  to  be  rendered 
clean.  Ragged  and  very  much  lacerated  edges  arc  to  be  trimmed  off. 
Wounds  extending  under  the  scalp  arc  to  be  slit  up  and  .scrubbed. 
Briefly,  the  entire  woundtd  siuface  is  to  be  treated  in  such  a  way  that 
there  arc  no  undermined  tracks  or  hidden  dirt.  Then  the  edges  of  the 
wounds  arc  to  be  brought  together  lightly,  not  tightly,  by  silkworm-gut 
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sutures,  a  voluminous  dressing  of  gauze  and  cotton  is  to  be  applied, 
and  a  bandage  to  hold  everything  snugly  in  place.     Outside  of  all  a 

pi aster-of- Paris  bandage  or  cnnoHne  bandage  will  be  useful.  Such  a 
dressing,  if  applied  over  properly  cleansed  surfaces,  can  remain  without 
disturbance  until  healing  is  complete.  It  is  better  not  to  bring  together 
the  scalp-edges  closely,  for  nothing  is  more  certain  to  induce  suppura- 
tion than  the  tension  from  tight  suturing.  The  bleeding  which  is  usual 
after  scalp-injuries  will  be  arrested  by  Hgature  or  by  sutures  passed 
deeply  under  a  .spurting  vessel  by  means  of  a  curved  needle.  Thorough 
hemostasis  is  neccs.sary  before  the  wound  is  closed. 

An  inciseJ  wound  of  ihc  scalp  docs  nol  rei[uirc  a  sharp  inslnimenl  for  ils  prodnclioD. 
The  vaull  of  ihe  craiiium  o"!!  one  side  and  a  flal  hard  body  on  Ihe  other  will  press  the  iolp 
and  so  give  rise  lo  an  incised  wound.  .^  fall  'jn  Ihe  pavemenl  is  an  excelleni  example  of  i 
Blraight  clean  wound  pn^duced  in  this  wav.  Where  Ihe  injury  is  over  a  large  surface  ftud 
ralhcr  slanling.  Doldircctlj'  loward  the  skull,  a  triangular  Rap  of  scalp  is  lora.  Occasionally, 
after  the  healing  of  ^atp-wounds  neuralgia  of  a  more  or  less  pronounce<l  chatACter  results. 
This  is  due  (o  Ihe  entanglement  of  a  nerve  in  (he  cicnlrii.  If  the  pain  does  nol  pass  away 
after  the  cicatrix  is  well  formed,  it  may  be  necessary  tii  dissecl  the  ncne  out  of  the  scar,  oi 
cut  it  across  proximal  In  the  jwiiiil  where  compressed,  so  as  to  give  relief. 

Cellnlitis  of  the  Scalp.— Cellulitis  of  the  scalp  occurs  in  both 
chronic  and  acute  forms.  As  an  acute  infection  it  follows  an  injury, 
and  the  usual  symptoms  will  be  present.  It  extends  rapidly,  with 
marked  constitutional  symptoms,  and  the  resulting  effusion  rapidly 
becomes  purulent.  As  the  blood-  and  nerve-supply  of  the  scalp  comes 
from  the  periphery,  sloughing  of  the  scalp  and  gangrene  are  not  usual ; 
but  repair  is  slow,  and  unless  the  pus  is  evacuated  by  incisions  there  is 
danger  of  purulent  infection  through  the  veins  which  communicate 
with  the  interior  of  the  skull  and  the  diploc ;  then  the  prognosis  is 
extremely  grave.  Circumscribed  cellular  inflammation  is  often  seen, 
the  re.sult  of  traumatism  with  consequent  infection.  The  occurrence 
of  numerous  absces.ses  of  the  seal])  indicates  a  diminished  resisting 
power  of  the  tissues;  it  exists  with  constitutional  weakness  such  as  is 
associated  with  tuberculo.sis  in  children,  etc. 

Chronic  cellulitis  of  the  .scalp  is  often  syphilitic,  and  there  is  a 
decided  tendency  for  the  inflanimatorj'  process  to  occur  in  the  middle 
line. 

Erysipelas  ol  the  Scalp. — This  is  more  apt  to  be  seen  ns  an  extension  from  adja- 
cent part.,  notably  the  face,  for,  while  the  scalp  can  be  cleaned  and  licpl  clean,  the  face, 
edges  of  the  nostrils,  etc.,  where  cracks  in  ihe  skill  occur,  can  never  be  kept  surgically 
cteait.  Here  eiy&ipeins  does  nol  differ  from  llmi  which  is  seen  elsewhere,  except  thai 
swelling  is  greater,  and  extension  by  way  of  the  venous  and  lymphatic  channels  from  Ihe 
scalp  lo  the  meninges  is  to  be  fMrc<i.  The  involvement  of  Ihe  whole  scalp  is,  of  course, 
more  dangerous  than  the  involvement  of  only  a  [wrlion,  for  thereby  more  ways  of  infection 
toward  the  meninges  will  be  involved.  In  negroes  Ihc  blush  of  erysipelas  will  not  be  appar- 
ent if  the  patient  be  dark-hued.  Great  swelling  of  tJie  enrs  occurs,  and  the  eyelids  resem- 
ble bladders  of  water  if  they  become  involved  in  llie  disease.  Medication  will  nol  differ 
from  Ihal  called  for  in  the  cunditiun  occurring  elsewhere  in  the  body.  The  reader  is  re- 
ferred to  the  chapter  on  Sui^ery  of  Ihe  Skin,  in  Volume  II,  of  this  work. 

It  is  untrue  that  sutures  of  the  scalp  differ  from  sutures  elsewhere 
in  being  more  dangerous,  as  they  were  considered  to  be  by  the  older 
writers.  It  was  the  dirty  methods  employed,  and  not  the  sutures,  that 
permitted  cn'sipelas  to  occur. 

Abscesses  are  met  with  in  the  scalp,  as  elsewhere,  either  single  or 
multiple.     The  usual  symptoms  arc  present,  and  early  opening  called 
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for.  The  injection  of  cocain  into  the  skin — 2  per  cent  solution — will 
render  the  opening  painless. 

Gangrene  of  the  scalp  occurs  in  two  forms:  one,  the  localized 
condition  following  severe  crush  which  interferes  with  the  circulation 
and  gives  rise  to  a  slough  which  is  cast  off,  being  seen  generally  in 
torn  ends  and  flaps  which  have  not  been  trimmed  away  by  the  sur- 
geon ;  the  other  is  the  acute  spreading  form,  characterized  by  gas  in 
the  tissues,  and  tending  rapidly  to  constitutional  sepsis.  This  is  fortu- 
nately a  very  rare  di.sease,  and,  if  successfully  treated  at  all,  is  to  be 
treated  by  deep  and  extensive  inci.sions  followed  by  continuous  irri- 
gation, and  if  this  is  not  possible,  then  by  frequently  changed  com- 
presses wet  with  weak  corrosive-sublimate  solutions  or  hot  water. 
Hospital  gangrene  may  be  met  with  in  the  scalp. 

Carbtincle  is  seen  on  the  scalp  as  an  extension  from  the  neck, 
where  it  is  often  found.  As  a  primary-  disease  of  tlie  scalp  it  calb  for 
immediate  curetting. 

Ulcers  of  the  scalp  are  seldom  met  with  save  as  an  evidence  of 
s>-philis.  The  well-known  line  at  the  border  of  the  hair  in  front  may 
be  taken  as  an  example.  There  is  a  tendency  for  .syphilitic  ulceration 
of  the  scalp  to  occur  in  the  middle  line. 

TnmOTS  of  the  Scalp. — Hematoma — Extravasation  of  blood 
under  the  scalp  is  evidence  of  injury,  and  sometimes  gives  a  clue  to 
the  situation  <if  a  broken  bone. 

Pneumatocele. — Two  kinds  of  tumors  of  the  scalp  containing  air 
are  met  with.  One  of  these  follows  a  break  in  bone  communicating 
with  the  air-passages — the  nasal  bone  and  the  ethmoid  cells.  When 
the  patient  attempts  to  blow  his  nose,  air  is  forced  into  the  subcuta- 
neous tissue,  causing  emphysema  which  may  extend  over  a  great 
portion  of  the  scalp.  The  ordinar)'  symptoms  of  emphysema  are 
present,  and  no  harm  need  be  expected  to  follow.  The  air  is  sponta- 
neously absorbed.  With  the  healing  of  the  original  injury  the  ten- 
dency for  the  escape  of  air  into  the  tissues  disappears.  The  other  form 
is  called  pncnnmtvccle,  and  means  a  circumscribed  swelling  containing 
air.  which  swelling  is  of  gradual  formation,  and  indicates  a  bony  non- 
traumatic defect — developmental,  perhap,";.  The  tumor  is  slowly  devel- 
oped, and  sometimes  the  bony  defect  will  be  found  at  a  distance  from 
the  point  where  the  gaseous  swelling  exists.  Pneumatocele  rarely 
disappears  by  itself  ]>ermanently,  but  will  require  incision  and  packing, 
or  an  injection  with  iodin  solution,  as  may  seem  best.  The  mo.st  cer- 
tain way  is  to  close  the  defect  in  the  bone  by  plastic  operation.  A 
watery  tumor  under  the  scalp — cep  ha  I  hydrocele — will  be  referred  to 
under  Fractures, 

Wens. — The  most  common  tumor  of  the  scalp  is  the  wen,  or 
atheromatous  cy.st.  which  may  occur  in  any  situation,  but  is  most 
often  found  beneath  the  hairy  scalp,  single  or  multiple.  They  vary 
from  very  small  ones  to  those  the  size  of  a  fist,  contain  the  usual  seba- 
ceous matter,  arc  sometimes  adherent  to  the  skin  at  one  point,  and  in 
most  cases  offer  no  difficulty  of  diagno.sis.  Suppuration  is  occasionally 
met  with  in  them  as  the  result  of  infection  from  without,  possibly  by 
means  of  the  duct,  and  after  the  contents  have  been  evacuated  inftam- 
mation  results.     Such  cases  have  been  mistaken  for  epithelioma.     A 
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wen  is  to  be  removed  by  incision,  care  being  taken  that  the  entire  sac 
is  extracted,  otherwise  the  growth  will  recur.  Unless  the  tumor  is 
very  large,  it  is  only  necessary  to  split  the  skin  freely  and  turn  out  the 
growth ;  where  a  tumor  is  very  soft,  more  care  is  required  to  get  rid 
of  the  sac;  but  in  either  case  it  will  come  away  without  difficulty,  and 
must  be  removed  in  order  to  avoid  recurrence.  It  is  rarely  necessary 
to  close  the  wound  by  suture.  The  edges  of  the  skin  come  together, 
and  a  pad  of  gauze  held  by  a  bandage  is  sufficient.  The  line  of  inci- 
sion and  the  adjacent  skin  are,  of  course,  to  be  shaved  and  cleansed 
before  operation. 

Dermoid  cysts  are  infrequent  in  the  scalp,  though  often  seen 
under  the  outer  half  of  the  eyebrow,  the  situation  of  a  branchial  fissure. 
They  are  not  adherent  to  tlie  skin,  whicii  moves  freely  over  them,  but 
rest  in  a  depression  of  the  skull  which  may  be  so  deep  as  to  suggest 
a  perforation.  To  this  depression  dermoid  cysts  arc  adherent.  If  cut 
open,  hair  will  be  found  growing  from  the  inside  of  the  cyst.  Excision 
is  the  only  treatment,  and  if  the  cyst  is  under  the  eyebrow,  an  incision 
in  the  line  of  the  eyebrow  will  leave  but  little  scar.  Occasionally, 
though  rarely,  a  prolongation  of  the  dermoid  cyst  is  found  within  the 
cranium,  and  a  neck  connects  the  two  portions ;  or  one  may  extend 
from  the  temporal  region  into  the  orbit.  It  is  important  to  differentiate 
between  dermoid  cyst  and  a  protrusion  of  the  brain  or  its  meninges. 
The  diagnosis  will  rest  upon  the  fact  that  the  tumor  is  not  situated  near 
a  suture,  has  no  appreciable  aperture  through  the  skull  under  it,  is  not 
reducible,  does  not  change  its  tension  by  changing  the  attitude  of  the 
patient,  and  is  not  affected  by  sneezing,  crying,  and  especially  sleeping. 


I'll..  j92.— S.ifi  fil'rom.i  of  Ihc  st-lllJ. 

If  removal  be  performed  ascptically.  even  if  a  protrusion  of  the  brain 
be  present,  no  harm  will  result.  Where  there  is  an  intracranial  and 
an  extracranial  portion  of  the  dermoid  cyst,  the  skull  is  to  be  chis- 
elled away  and  the  intracranial  portion  removed. 

Horns  growing  from  the  scalp  have  been  noted  in  a  number  of 


INJURIES  AND  DISEASES   OF  THE  SCALP. 


777 


cases,  and  are  surgical  curiosities.  If  excision  of  the  base  of  the  horn 
upon  which  it  is  implanted  in  the  skin  be  done  at  tlie  time  of  the  opera- 
tion, the  tendency  to  return  will  be  reduced  to  a  minimum. 

Fatty  tumors  of  the  scalp  are  rate.  When  superficial,  ihetc  is  little  difBculty  io 
ihe  ilingnosis ;  when  situated  unrfer  Ihe  occipitofmntalis  ttudon,  a  diagnosis  i&  impossible 
without  incision.  Those  ihnt  hnve  fnlleii  under  my  ob&crvntion  were  tufieTliciiil  niid  were 
not  difficult  of  recognition.  One  was  siliialctl  ju^t  aljove  the  uccifHtnl  girotuheratite  in  the 
middle  line,  another  above  Ihe  root  of  ihc  nose. 

Hard  fibroma,  is  not  met  with  in  the  scalp,  but  a  soft  fibroma, 
fibroma  moUuscum.  is  not  unusual.  Such  growths  are  extretiiely  vas- 
cular, and  excision  is  to  be  done  after  full  preparation.  The  term 
pachydermatocele  was  gi\'en  to  this  form  of  fibroma  by  writers  in  the 
past.  Soft  fibroma  of  the  nerve-sheath  has  been  noticed  on  the  side 
of  the  scalp  near  the  ear.  These  tumors  may  be  very  hairy,  which 
fibroma  molluscum  is  not. 

Keloid. — Keloid  attached  to  the  lobe  of  the  ear  in  the  negro  is 
extremely  common,  but  it  may  appear  at  any  place  where  there  is  a 
scar. 

Teratoma. — This  form  of  tumor  is  found  about  the  head  rarely. 
The  tumor  is  recognized  shoitly  after  birth,  and  grows  slowly  at  first. 
From  the  tenth  year  a  more  rapid  increase  is  likely  to  take  place.  The 
shape  and  .size  follow  no  rule.  A  diagnosis  is  reached  by  excluding 
other  forms  of  growth. 


FH..  3^J- — Teratoma  over  the  uG<:lpu.Ll  l«".n..'. 

The  example  ptcwnleii  herewith  ( Fig.  jgj )  was  sueccssfuUj'  removed  ftom  m  child  VffA 
fooneen  in  wjiom  the  growth  was  noticed  during;  Ihe  first  year  and  grew  very  slowl)'.  .\flcr 
the  tenth  veitr.  however,  gtiiwth  wa&  apparent,  and  during  the  eijjihteen  rmtnthn  b^fure  »ficra- 
linn  wa<  rapid.  The  tuiuor  was  found  to  contain  bioir  and  cartilage,  strialeil  muvrulur  fiber, 
and  one  joint  which  resembled  the  shoulder  joint  somewhat. 
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Anthrax  of  the  Scalp. — Anthrax  of  the  scalp  is  very  rare  m 
America,  allhougii  it  Is  probably  met  with  more  often  about  the  face 
than  anywhere  else.     The  usual  symptoms  will  be  present. 

In  m  CBK  recently  in  Ihe  writer*!  care  infeclion  wu  al  ihe  back  uf  the  neck  close  to  (he 
ectKC  of  the  liHir,  anii  much  edema  extended  lo  and  involved  Ike  «calp  IFig.  394). 

Vascular  Ttunors. — Aneurysm  of  the  scalp  is  rare,  usually  con- 
cerns the  temjKiral  artery,  and  from  its  situation  is  easily  amenable  to 

treatment.     Cirsoid  aneurysm  may  J 
be  so  extensive  as  to  involve  much| 
of    the    scalp.      When     adjacent 
arterial  trunks  are  enlarged   and 
unite,  forming  a  pulsating  tumor 
with  small  arteries  and  capillaries 
pulsating,  the  growth,  fortunately 
rare,  is  called  aneury  sm  by  ana.sto- 
mosis.     There  is  a  distinct  bruit, 
wliich  will  disappear  when  press- 
ure is   made  on   all   the  afferent 
trunks.     Pressure  closing  the  ves- 
sels is    the   most    simple   method 
of    treatment,    but     at    the    same 
time  one  which  rarely  is  suctxss-j 
ful.     Ligature  of  the  vessels  afler-j 
cnt  to  the  tumor,  with  the  usual] 
aseptic    precautions,    uill    give  al 
good    resuh;   should    recunencei 
take  place,  it  may  be  expedient  to  ~ 
{fisscct  out  the  whole  tumor.   Com- 
munication betik-een  an  artery'  and 
a  \'ein  will  gt\'e  rise  to  dil^ation 
and  \-aiicosc  aneurj-sm,  a  conditioaj 
which  was  not  infrequently  seen  at  the  bend  of  the  arm  when  phleb-' 
otomy  w^is  popular.     If  the  communication  betw^ecn  the  two  ^-essels 
can  be  found,  it  is  to  be  closed  b>-  l^ture.  and  a  &vonble  out 
fbtlows.     The  dilatati«in  of  a  sinus  withia  the  head,  protuMfing  undcr^ 
Ute  scalp  throi^h  a  deficicncN'  of  bone,  b  referred  to  dsewberc ;  the 
superior  Ioni*itudin.tI  sinus  is  alw^-s  at  fauk. 

Blood -tmnois  of  the  Scalp — A  bJood-tntDor  ooder  the  scalp] 
ma\~  occur  as  an  injurv'  ai  any  time,  but  is  net  vith  in  the  new-born] 
under  the  name  of  cqihalbenatacMi.  and  nn*  gK-c  rise  to  a  saspadooj 
that  there  is  a  protmsion  frow  widrin  dK  skaH,  or  dnft  a  fracture  of  tfaei 
skull  during  birth  has  bken  pfaiGe. 

MkUCnaBt  TaiMlls  of  tkc  Solp.— Epiriirliomi  is  most  6e^ 
qucnd}'  seen,  is  met  with  in  niddk  or  adwioed  Bfe.  aod  presents  die  ^ 
osoal  a|)pcaninoc  and  dwnCteiislks.    It  is  Hkdy  that  the  sntifedt 
tlie  gnwth  win  showscahr  patches  on  4ic  &oc     Extiipition 
»ot  cidy  that  d>e  scalp  b  to  be  reiMM<ed.  but.  t  nccesaaiy. 
bone  *£>>,  so  «<:  torrid  efrtieAmasr:  afcg  mhiA.  by  plastic  i 
bon  or  b^'  gmlUng.  dcAcicvtcj-  in  the  *dnfl  and  scalp  is  to  be 
good.    SeoMidar>-  t:u*wOfe  «ui}'  appear  in  ^k  sca^i — pratmaians 


.  .j*4-— AaAiai ;  Kiip  it." 
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within  the  skull  or  outgrowths  from  the  craiiiat  bones — but  tliey  present 
no  features  requiring  mention  here. 

INJURIES  AND  DISEASES  OF  THE  SKULU 

Contusions  of  the  Skull  and  Incised  Wounds  not  Pene- 
trating the  Skull. — The  troubles  which  ia  the  past  have  resulted 
from  contusions  and  non-penetrating  injury  to  the  skull  have  been 
largely  caused  by  infection,  which  at  the  present  day  it  is  exjiected  will 
not  be  met  with. 

Non-inflammatory  Conditions  of  the  Skull. — At  birth  the 
skull  is  but  incompletely  ossified,  and  the  amount  of  bone-deficiency 
may  vary.  Islands  of  bone  arc  met  with  in  fibrous  tissue,  and  lines  of 
suture  or  quite  large  areas  of  fibrous  tissue  may  exist  with  no  bony 
islands  whatever.  This  condition  very  rarely  persists ;  ossification  and 
gradual  closing  in  of  the  skull  are  the  rule.  Where  defective  ossifica- 
tion is  permanent,  a  protrusion  from  within  the  skull  may  take  place, 
constituting  encephalocdc,  meningoceky  or  sinus  protrusion. 

Great  varialions  ckist  in  Iht  Ihicknps:^  of  di^t^rcnt  ^iiTh  as  well  a&  between  dilTerenl  parts 
of  ihe  same  skull.  From  ihe  twoiUj-'liflh  lo  Itit  fifliclh  year  ihe  skull  is  thickesl ;  then 
([redual  altViph)'  occurs,  until  in  eilreme  age  the  cranial  bones  may  lie  very  thin.  Thi^  is 
due  to  an  absorption  of  the  diplnf  and  a  consequent  fusion  of  the  two  tables  of  the  skull. 
The  skull  of  (he  ti^ro  is  tliicker  than  that  of  the  white  race.  Occasionally,  however,  with- 
out known  cause,  the  bones  will  be  founil  unduly  thick,  even  massive,  without  diniitiisUing 
the  capacity  of  the  brain-cavity.  .\s  ihe  rciull  of  rickets  (crnoiotabesl,  open  fontanels, 
widv  sutures,  irregular  o^iRcation,  protuberant  forehead,  and  a  softness  of  the  bones  M'htch 
permits  of  yieldinu  under  prcsiure  me  met  with,  L'tidcr  such  conditions  no  local  Ltcalnienl 
is  in^licaied  in  adilition  to  what  nias'  Tie  ref^uircd  for  the  general  disease. 

Inflammatory  Conditions  of  the  Skull. — ^Acutc  inflammation 
of  the  periosteum  is  the  re.'^ult  of  injury  with  acute  infection,  and  is  char- 
acterized by  the  usual  symptoms  of  periostitis.  It  is  more  often 
encountered  on  the  sides  of  the  head,  in  the  neighborhood  of  the  ears. 
A  rigor,  fever,  and  the  usual  symptoms  of  inflammation,  local  and  gen- 
eral, are  present.  Pus  becomes  diffused  under  the  tendon  of  the  occip- 
itofrontalis,  which  is  raised  and  gives  free  fluctuation.  Pus  tends  to 
sink  down  in  the  zygomatic  fos.sa  and  point  near  the  angle  of  the  jaw. 
If  the  temporal  muscle  is  involved  in  the  inflammatory  process,  the 
motion  of  the  lower  jaw  is  afllectcd.  Phlebitis  and  the  extension  of 
the  inflammation  to  the  interior  of  the  cranium  through  the  medium 
of  communicating  veins  may  result.  Free  incision  is  called  for  as 
soon  as  a  diagnosis  is  made.  A  voluminous  dressing  of  gauze  wrung 
out  in  hot  water  is  to  be  applied  and  changed  frequently,  and  the  case 
treated  like  an  acute  bone-inflammation  el.sewhere.  The  fl.ip  of  soft 
parts  which  has  been  rai.sed  from  the  cranium  by  the  pus  usually  read- 
heres ;  but  this  is  not  alway.s  the  case,  and  superficial  caries  of  bone  may 
result.  Chronic  inflammation  of  the  vault  of  the  cranium  is  met  with, 
but  it  is  rarely  painful,  is  always  slow  in  its  progress,  and  is  very  apt  to 
be  tubercular.  When  tubercular,  it  calls  for  free  opening  and  curetting  ; 
iodoform  dressing  simiild  be  employed.  Injection  of  an  iodoform  emul- 
sion into  the  colli  abscess  is  snmetimes  of  advantage,  Osleumyeliljs 
of  the  bones  of  the  head  is  very  rare.  In  difTu.sed  form  it  is  rapidly 
fatal,  pyemia  or  an  extension  of  inflammation  from  the  bones  to  the 
meninges  resulting. 
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The  treatment  wiil  be  that  given  in  osteomyelitis  elsewhere — 
namely,  very  free  opening  tlirough  the  soft  parts,  and  cutting  by  chisel 
or  by  trephine  to  the  extent  that  may  seem  proper.  The  tendency 
of  such  an  ostuitis  is  to  extend  toward  the  meninges  rather  than 
toward  the  surface;  in  cither  case  a  sequestrum  may  form,  which 
separates  slowly.  Gumma  of  the  cranial  bones  is  not  unusual,  and 
may  result  in  perforation.  Iixtensive  sequestra  form,  exposing,  after 
removal,  cxten.sive  areas  of  granulating  dura.  Under  an ti syphilitic 
treatment  the  prognosis  is  fairly  good.  Sequestra  should  be  re- 
moved. The  shape  of  such  a  sequestrum  is  generally  rounded,  with 
irregular  edges.  The  process  of  .-reparation  is  very  slow.  There  will 
exist  one  or  more  openings  through  the  scalp,  giving  exit  to  a  very 
profuse  discharge.  If  a  portion  of  the  skull  through  which  cranial 
ner\'es  pass  becomes  involved,  paralysis  follows.  Fatal  inflammation 
of  the  meninges  rarely  supervenes. 

Injuries  in  Utero  or  during  birth,  from  pressure,  are  occasionally 
recognized.  It  is  a  question  whether  epilepsy  in  childhood  may  not 
owe  its  origin  to  sonic  such  injury.  The  peculiarly  shaped  heads 
occasionally  met  with  in  young  children  may  result  from  birth- 
pressure. 

Osteomata  of  the  skull  are  verj'  rare,  and  may  occur  either  externally 
or  internally.  The  latter  are  called  enostoses.  and  interference  with  the 
functions  of  important  parts  of  the  brain  may  result  from  them. 
Kxostoses  are  not  so  infrequent  and  are  of  ivorj'  liardnes.s.  In  the 
orbit  an  outgrowth  of  bone  is  met  with.  They  are  commoner  during 
the  early  years  of  life,  and  cease  to  increase  when  the  skeleton  has 


attained  its  growth.  The  differential  diagnosis  between  osteosarcoma 
and  osteoma  is  rarely  difficult  (Fig.  395).  The  length  of  time  during 
which  the  symptoms  may  have  existed  usually  permits  a  diagnosis  to 
be  made,  even  though  the  bone-tumor  project  into  a  cavity  so  as  not 
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to  be  under  the  surgeon's  fingers.    \Vhere  the  bone  projects  outwardly 
there  is  no  difficulty  in  diagnosis. 

Sarcoma  may  develop  In  the  slcull  as  a  primary  or  a  secondary 
growth.  The  diagnosis  is  not  difficult,  although  in  its  early  stages 
such  a  growth  may  be  mistaken  for  a  gummatous  tumor.  Pulsation, 
if  vascular,  bruit,  and  rapid  growth  will  establish  the  diagnosis  (Fig. 
396).     Where  a  sarcoma  of  the  skull  grow;  inward,  rapid  interference 


Pre*,  y/^r — Sarcoma  of  the  ^Uull  i^condary  (u  sarcjma  □(  the  jaw. 

with  the  functions  of  the  brain  15  to  be  expected.  Its  increase  may  be 
at  first  either  slow  or  fast,  but  sooner  or  later  rapid  increase  takes  place. 
Sarcoma  of  the  skull  is  probably  traumatic  in  a  number  of  cases.  The 
treatment  is  free  excision  together  \i\\\\  removal  of  atijacent  parts.  The 
difficulty  of  effecting  this  is,  of  course,  evident.  If  the  growth  is  large, 
nothing  can  be  done;  if  small,  removal  of  the  bone  from  which  the 
growth  starts  and  the  covering  in  of  the  defect  by  bone  from  elsewhere 
are  expedient. 

Carcinoma  of  the  Sknll. — Carcinoma,  being  an  epithelial  prod- 
uct, occurs  in  the  skull  only  secondarily. 

I^ontiasis. — This  name  is  given  to  a  diffuse  enlargement  of  the 
cranial  bones.  Its  name  and  the  appearance  of  the  skull  strongly 
suggest  tubercular  leprosy. 


CEREBRAL  LOCALIZATION. 

There  are  certain  areas  upon  the  cortex  of  the  brain,  not  necessarily 
co-extensive  with  either  lobes  or  convolutions,  whose  functions  are 
accurately  known.  These  areas  arc:  1.  The  sensorimotor  area.  2. 
The  speech  areas.  3.  The  visual  area.  4.  The  auditory  area.  5. 
The  area  of  sensations  of  smell  and  of  taste. 
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The  sensorimotor  area  includes  the  cortex  of  the  anterior  and  pos- 
terior central  convolutions  which  border  the  fissure  of  Rolando  and 
the  adjacent  cortex  in  Tront  of  and  behind  these  convolutions.  Each 
hemisphere  controls  movement  on  the  opposite  side  of  the  body ;  but 
as  the  right  hand  is  more  generally  used  and  is  better  trained  than  the 
left,  this  area  is  larger  on  the  left  hemisphere  than  on  the  right. 

The  cortex  of  the  posterior  part  of  the  second  frontal  convolution 
controls  the  movements  of  the  eyes  and  head.  Impulses  starting  from 
this  area  produce  conjnjjate  movement  of  these  parts  toward  the  oppo- 
site side.  The  eye  di.strict  is  below,  the  head  district  above.  The 
lower  third  of  the  anterior  and  po.sterior  central  convolutions  governs 
the  movements  of  the  face,  tongue,  larynx,  and  pharynx.  The  eye- 
brows and  cheeks  are  controlled  by  the  upper  and  forward  part  of  this 


FlQ.  397. — FuncCiDna]  areas  of  Ihc  cerebral  corleji  on  Ihc  right  side  (Dercnm). 

area;    the  tongue  and  larynx,  by  the  lower  and  forward  part;    the 

mouth,  pharynx,  and  platysma,  by  the  hinder  part. 

The  middle  third  of  the  anterior  and  posterior  central  convolutions 
governs  the  movements  of  the  upper  extremity,  the  shoulder-motions 
being  controlled  in  the  anterior  and  upper  part  of  this  area,  the  elbow- 
motions  in  its  middle  part,  and  the  hand-  and  finger-motions  in  its  pos- 
terior and  lower  part.  The  upper  third  of  the  anterior  and  posterior 
central  convolutions,  including  their  junction  in  the  paracentral  lobule, 
controls  the  motions  of  the  lower  extremity,  the  thigh,  knee,  foot,  and 
toes  being  governed  by  various  parts  of  this  area  from  before  back- 
ward in  the  order  named. 

Il  will  be  noticed  ttia)  the  parts  susceptible  of  tbe  fioest  and  most  delicate  moTerQenls, 
those  dirtfcled  by  llie  most  acute  sensations — -the  bps,  the  fingers,  and  (he  toes — lie  farthest 
back  in  the  motor  area,  chiet^y  in  the  posterior  central  convolution.  Lesions  in  this  convo. 
lulinn  almost  always  cause  some  loss  of  Inclile  sensation  in  addition  to  paralysis,  and  hence 
this  area  is  thnuglii  lo  be  the  sent  of  tactile  sensations  as  well  as  of  movements. 

There  are  no  sharply- defined  sections  of  the  motor  area  to  be 
assigned  to  special  motions.     Each  motion,  each  part  of  a  limb,  has  a 
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wide  general  representation  over  the  cortex  and  a  special  representa- 
tion at  a  iimited  area.  Horsley  says  that  the  areas  of  representation 
of  different  limbs  merge  into  one  another;  thus,  in  the  representation 
of  the  thumb  we  find  that  there  is  a  focus,  but  that  the  thumb  is  rep- 
resented over  a  great  deal  of  the  upper-linib  region,  and  that  this  rep- 
resentation diminishes  in  intensity  gradually  as  we  pass  from  the  focus 
upward.  This  explains  the  fact  thai  the  excision  of  a  small  area  does 
not  totally  paralyze  the  portion  of  the  limb  represented  chiefly  on  that 
area.  The  adjacent  areas  represent  to  some  extent  that  limb,  and 
hence  can  govern  it  if  need  be. 

The  spfcch-ari-as  are  of  four  kinds  and  in  four  locations.  They  arc 
limited  to  the  left  hemisphere  in  right-handed  persons  and  to  the  right 
hemisphere  in  left-handed  persons.  There  is  the  motor  speech-area  in 
the  posterior  part  of  the  third  frontal  convolution,  in  which  the  move- 
ments concerned  in  the  act  of  speaking  are  controlled.  The  use  of 
language  and  the  power  of  talking  are  affected  when  this  region  is 


FIC.  39S. — Funclional  areu  of  the  cerebral  corKx  on  Ihe  left  side  (I>ercuin). 

destroyed.  There  is  the  auditory  speech-area  in  the  first  and  second 
temporal  convolutions,  in  which  the  memories  of  word-sounds  are 
stored  up.  The  understanding  of  language  and  the  power  of  recol- 
lecting the  names  of  objects  are  lost  when  this  region  is  destroyed. 
There  is  the  visual  speech-area  in  the  lower  parietal  region,  in  which 
the  memories  of  printed  words  are  stored  up.  The  understanding  of 
written  Sanguage  and  the  power  to  read  are  tost  when  this  region  is 
destroyed.  The  power  of  writing  is  a  part  of  speech,  and  is  usually 
lost  when  the  motor  speech-area  is  destroyed,  but  its  exact  location  is 
not  fully  determined ;  some  cases  point  to  the  second  frontal  convo- 
lution, others  to  the  lower  parietal  convolution  near  the  hand-center,  as 
its  probable  cortical  position. 

The  area  of  sensations  of  sight  is  located  in  the  occipital  lobe  of  the 
brain,  including  the  cuneus  on  the  median  surface  and  the  occipital 
convolutions  on   the  convexity.     The   cortex  lying  in  the   calcarine 
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fissure  is  the  part  primarily  reached  by  the  visual  impulses,  but  the 
parts  named  are  also  concerned  in  vision.     Each  occipital  lobe  receives 
impressions  from  one  half  of  both  eyes,  hence  a  lesion  in  one  lobe-| 
produces  hemianopsia,  a  half-blindness  in  both  eyes,  the  blind  field  of 
vision  being  on  the  opposite  side  to  the  lesion. 

The  area  of  sensations  of  sound  is  located  in  the  first  and  second] 
temporal  convolutions  of  the  brain.     Each  car  is  connected  with  both 
hemispheres;  hence  deafness  from  a  unilateral  lesion  is  only  partial, 
and  is  not  generally  noticed.     On  the  other  hand,  if  both  tempor^ 
lobes  are  destroyed,  the  patient  becomes  totally  deaf 

The  area  of  sensations  of  smell  and  taste  is  located  at  the  tip  of  the 
temporal  lobe,  on  its  under  and  inner  surface,  which  rests  on  the 
sphenoid  bone.  Each  lobe  is  related  to  sensory  organs  on  both  sides, 
and  a  unilateral  lesion  does  not  often  produce  noticeable  symptoms. 

There  appears  to  be  a  certain  relation  between  the  frontal  lobes 
of  the  brain  and  the  higher  forms  of  intellectual  activity,  the  powers 
of  fixing  the  attention  and  of  reasoning  and  self-control ;  but  disease 


FlO.  399. — MediaD  surface  of  Ihe  tight  hemisphere  (after  Eclier). 

here  does  not  cause  a  loss  of  any  one  mental  racult>\  and  for  the 
higher  powers  of  the  mind  a  general  integrity  of  the  entire  brain,  not 
of  any  one  part,  is  necessarj'.  When  it  is  considered  that  every  con- 
cept is  made  up  of  numerous  memory-pictures  joined  together,  each 
of  which  has  a  separate  location  in  the  brain*cortex,  it  becomes  evi- 
dent that  to  the  process  of  thought  a  healthy  state  of  the  entire  cortex 
is  necessary,  and  also  of  the  white  matter  beneath  it,  through  which 
the  associating  fibers  pass.  It  is  therefore  impossible  for  a  single 
lesion  anywhere  to  cause  a  loss  of  memory,  or  of  imagination,  or  of 
judgment.  Yet  for  the  co-ordination  of  facts  into  orderly  scries,  for 
comparison,  and  for  analysis  of  knowledge  gained  through  the  senses 
a  healthy  state  of  the  frontal  lobes  ap[>ears  to  be  necessary,  lesions 
in  the  frontal  region,  especially  upon  the  left  side,  are  quite  uniformly 
attended  by  mental  dulness,  apathy,  lack  of  power  of  concentration, 
and  imperfect  self-control. 

The  cortex  of  the  hemispheres  upon  the  base  of  the  brain  lying  on 
the  orbital  plate,  on  the  sphenoid  and  temporal  bones,  and  on  the  ten- 
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torium  cerebdii  has  as  yet  no  assignable  functions,  and  lesions  in  tlicse 
regions  do  not  produce  recognizable  symptoms. 

The  crura  cerebri,  pons,  and  medulla  contain  the  centers  of  the 
various  cranial  nerve-nuclei,  and  hence  cranial  nerve^palsies  are  caused 
by  disease  in  them.  They  transmit  motor  and  sen.sory  tracts  to  the 
spinal  cord,  hence  numerous  symptoms  appear  when  tliey  are  injured. 

The  cerebellum,  lying  in  the  posterior  cranial  fossa  beneath  the 
tentorium  cercbelli,  controls  the  equilibrium  of  the  body;  hence  dis- 
turbances of  the  nature  of  staggering  and  vertigo  are  produced  by 
lesions  affecting  it,  especially  if  its  median   lobe  is  involved. 

It  will  thus  be  seen  that  cerebral  localization  has  to  do  mainly 
with  two  fissures — the  fissure  of  Rolando  and  the  fi.ssure  of  Sylvius. 
It  is  important  that  the  relation  between  the  external  surface  and  the 
various  cerebral  convolutions  should  be  capable  of  recognition  ;  other- 
wise, operations  undertaken  tlirough  the  skull  would  necessarily  be 
much  in  the  dark.  To  find,  then,  the  fissure  of  Rolando  the  following 
method  is  to  be  adopted :  Trace  a  line  along  the  vertex  from  the  root 
of  the  nose  to  the  posterior  occipital  protuberance,  and  find  the  mid- 
dle of  this  line.  From  a  point  i  inch  posterior  to  this  middle  spot 
draw  a  line  downward  and  forward,  making  an  angle  of  67  degrees 
with  the  middle  line.  This  line  will  lie  over  the  fi.ssure  of  Rolando. 
Two  metal  strips  joined  at  an  angle  of  67  degrees  are  usually  employed 
to  find  the  Rolandic  fissure,  the  place  of  joining  being  made  to  corre- 
spond with  the  point  already  referred  to.  If  one  limb  of  the  angle  be 
placed  along  the  median  line,  the  other  will  correspond  to  the  Rolandic 
fissure.  The  Rolandic  fissure  is  about  3^  inches  long,  and  the  lower 
end  of  it  dips  rather  suddenly  down  from  the  middle  line,  and  there- 
fore the  last  half-inch  does  not  quite  correspond  to  the  strip  of  metal. 
The  fissure  of  Sylvius  is  found  as  follows:  From  the  lower  margin  of 
the  orbit  to  the  external  auditorj'  meatus  a  line  is  to  be  drawn.  Draw 
a  second  line,  parallel  with  the  preceding,  from  the  external  angular 
process  of  the  frontal  bone  backward  i^  inches,  then  upward  from 
the  end  of  this  \  inch;  mark  this  point  1.  From  the  top  of  the  pari- 
etal eminence  draw  a  line  downward,  perpendicular  to  the  base  line, 
and  mark  a  point  J  inch  below  the  eminence ;  this  is  point  2.  Join 
points  I  and  2,  and  the  line  will  lie  over  the  fissure  of  Sylvius.  The 
Sylvian  fissure  is  about  4  inches  long. 


CONTUSION  AND  CONCUSSION  OF  THE  BRAIN. 

This  is  met  with  to  a  greater  or  less  extent  as  an  accompaniment  of 
violence  to  the  skull.  Mild  concussion  occurs  without  structural 
change  of  the  brain.  Where  the  concussion  is  greater,  it  will  be  proper 
to  use  the  word  "  contusion"  to  indicate  the  cerebral  injuries,  which 
may  be  small  capillary  hemorrhages.  This  may  take  place  with  or 
without  fracture  of  the  cranium.  The  contused  portions  of  the  brain 
may  soften  or  be  absorbed,  scar-tissue  subsequently  resulting.  It  is 
rare  for  abscesses  to  fnmi,  since  bacteria,  in  the  absence  of  a  wound, 
could  rc.ich  the  injured  localit>'  only  by  the  circulation. 

Contusions  of  the  brain  occur  not  only  at  the  point  struck  but  at  the 
opposite  side — counter -stroke — of  the  skull.    Contused  areas  also  occur 
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in  other  portions  of  the  brain  than  those  immediately  opposite  the  seat 
of  iiijurj-.     A  still  more  extensive  injur)'  to  the  brain  than  "  contusion  ' 
is  called  a  "  laceration."     In  this  the  amount  of  hemorrhage   maybe' 
increased,  so  as  to  justify  the  term  "  intracranial   hemorrhage."      It  is 
not  always  possible  to  differentiate  between  concussion  and  contusion 
in  their  \arying  degrees.     Contusion  necessarily  imphes  concussion, i 
but  concussion  may  exist  without  contusion.   There  are  se^eraJ  theories 
as  to  the  cause  of  concussion — one,  that  the  vibration  is  transmitted 
to  the  brain,  another  that  the  fluid  within  the  ventricles  is  \-iolently 
displaced — bttth  of  which  are  accepted  by  eminent  authorities. 

The  SS^mptoms  present  will  \ar}-  with  the  injurj'  to  the  brain. 
After  a  concussion  with  momentar>'  unconsciousness  the  patient  may 
recover  promptly  and  go  on  with  his  vocation.  A  more  severe  con- 
cussion is  followed  by  a  period  of  unconsciousness,  feeble  circulation, 
pale  surface,  and  relaxation  of  the  muscular  system,  from  which  recoven' 
is  slower.  Vomiting  may  take  place  with  the  beginning  of  recover}'. 
Relaxation  of  the  sphincters  occurs  rarely,  and  onlj-  when  the  concus- 
sion is  severe.  Dissimilarity  between  the  symptoms  on  the  two  sides 
of  the  body  will  indicate  something  more  than  concussion — a  contu- 
sion with  injur>'  to  one  hemisphere  more  marked  than  the  other.  The 
greater  the  contusion  to  the  brain  and  the  greater  the  efliision  of  blood, 
the  more  slowly  will  the  patient  recover.  Recovery  may  be  preceded 
by  delirium,  mental  disturbance,  and  excitement.  Should  any  portion 
of  the  brain,  however,  suffer  special  injurj-.  the  symptoms  will  point  to 
that  part.  When  contusion  and  disorganization  of  brain -substance 
have  taken  place,  not  only  will  shock  be  prolonged,  but  repair  may  be 
expected  to  take  place  slowly,  varying,  of  course,  with  the  amount  of 
contusion.  The  function  of  that  part  of  the  brain  which  suffered  con- 
tusion may  be  permanently  impaired.  The  contusion,  if  the  violence  be 
great,  may  go  on  to  the  extent  of  laceration  and  destruction  of  a  suf- 
Acient  amount  of  brain-substance  to  produce  death. 

The  diagnosis  between  concussion,  contusion,  and  apoplexy  is  one 
of  degree,  and  unless  the  svinptoms  indicate  injury-  to  a  definite  region 
of  the  brain,  it  may  be  difficult.  The  symptoms  mentioned  under  the 
head  of  Intracranial  Hemorrhage  must  be  held  in  mind.  The  tempera- 
ture in  concussion  will  probably  be  subnormal ;  in  contusion,  unless 
immediately  after  the  receipt  of  the  injurv-.  the  temperature  will  be  a 
little  ele\-aied.  and  mav'  be  expected  not  to  fall  to  normal  at  once,  the 
time  depending  upon  the  amount  of  intracranial  lesicm.  From  alcohol- 
ism the  diagnosis  of  concussion  depends  largely  upon  the  alMlit>"  of  the 
phv'sici.in  called  to  see  the  patient  to  recognijc  the  odor  of  alcohol 
upon  the  patient's  breath.  Vet  alcoholic  patients  are  frequent  subjects 
of  concussion,  owing  to  their  inability  to  retain  their  equilibrium. 

The  coma  of  uremia  must  be  dif1«rentiated  from  intracranial  violence 
as  well  as  from  alcoholism.  The  rule  should  be  absolute  that  the 
urine  of  an  unconscious  patient  brought  into  hospital  should  be  exam- 
ined at  once,  a  catheter  hdng  used.  Should  no  urine  be  present  in  the 
bladder,  the  clothes  of  the  patient  will  show  whether  any  has  been 
passed  reccntlv- ;  and  in  the  absence  of  urine  dther  in  the  bladder  or  on 
the  clothing  a  .<;trong  su^cion  of  uremia  is  aroused.  If  urine  is  found 
to  contain  albumen  and  casts,  etc.,  the  diagnosis  is  made.     Of  course. 
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it  is  not  impossible  that  a  uremic  patient  may  fall  and  hurt  his  head,  but 
the  uremia  is  the  important  poinl.  An  injured  man.  if  transported  a 
certain  distance,  his  body  lightly  clad  and  exposed  to  cool  air,  will 
show  albuminous  urine  when  he  enters  hospital,  yet  by  the  next  day  it 
may  not  be  present.  This  is  due  undoubtedly  to  the  chilling  of  the 
surface. 

Treatment. — A  diagnosis  is  first  made,  if  possible,  then  reaction 
is  to  be  induced  by  proper  methods,  but  should  not  be  allowed  to  be 
too  violent.  Rest  in  a  recumbent  posture  is  required  with  the  head 
low,  if  the  pulse  be  weak,  and  hypodermics  of  strychnin.  If  the  sur- 
face be  cold,  dry  heat  should  be  applied.  As  the  symptoms  improve 
or  the  reverse,  so  will  treatment  be  changed.  Large  hot  eneniata  of 
water  containing  two  ounces  of  black  coft'ee  seem  to  be  beneficial  where 
collapse  is  profound.  The  amount  of  strychnin  which  can  be  given 
under  such  circumstances  is  large:  -^  gr.  every  half  hour  until  four 
doses  have  been  given.  For  restlessness,  laudanum  in  a  little  black 
coffee,  say  2  or  3  drops  every  quarter  of  an  hour,  is  given  by  the 
mouth.  If  the  unfavorable  symptoms  be  not  relieved,  the  foot  of  the 
table  may  be  elevated,  but  only  whtn  symptoms  of  brain  anemia  are 
present-  If  the  symptoms  still  fail  to  improve,  it  is  possible  that  some 
sign  pointing  to  a  definite  portion  of  the  brain  may  appear,  and  to  this 
the  surgeon  should  direct  his  treatment. 

FRACTURES. 

Anatomical  Considerations. — The  cranium  is  made  up  of  bones 
intimately  united  along  certain  lines  of  suture,  which  permit  of  no  move- 
ment between  adjacent  bones  save  in  the  verj'  young  child.  These 
bones,  especially  in  the  base  of  the  skull,  are  perforated  so  as  to  per- 
mit the  passage  of  important  structures.  The  spinal  canal  joins  the 
cranial  cavity  at  the  foramen  magnum.  The  bones  of  the  vault  of  the 
cranium  are  made  up  of  two  plates  of  bone  with  intervening  cancel- 
lated structure,  the  outer  table  thick  and  strong,  the  inner  table  thin 
and  brittle. 

The  iiraouni  of  cancellated  tissue  varies  wilh  sge.  Wanting  in  early  childhood,  in  adull 
life  it  13  found  in  its  greatest  exlenl.  and  then  by  absorption  diminishes  in  old  age.  Hence 
in  llie  very  younf;  snil  ihe  aged  tlie  cranium  is  thinnest.  There  is  ■  notable  diflererice  in 
the  Ihicknesi  of  the  bones  forming  dilfcrcnl  skulls,  and  this  apparently  without  the  existence 
of  disease.  In  early  childhood  the  bones  move  somewhat  upon  each  other;  during  and 
after  youth,  not  al  all.  The  sides  of  the  head,  the  stjiuiinoui  portion  of  Ihe  temporal  bi:inct, 
have  little  or  no  diploe.  The  base  of  ihe  skull  i<  composed  of  cancellated  structure  alincist 
entirely,  ihin  plates  of  bone  only  covering  in  the  cancellated  structure.  Air-cells  are 
developed  during  adolescence  and  adull  life  in  certain  portions  of  the  skull — for  instance, 
die  ffDnlDl  and  ethmoid  sinuses.  'I'hese  sinuses  do  not  diminish  in  si»c  wilh  advancing  years 
ai  docs  the  cancellated  tissue  in  the  vault  of  the  cranium,  but  remain  permanenlly.  lite 
free  communicalion  of  veias  between  Ihe  inside  and  the  out«ide  of  (he  akull  has  beco 
referred  lo  already. 

incompUte  fractures — that  is.  fractures  not  extending  through  both 
tables — are  rarely  met  with  except  where  the  frontal  sinuses  exist. 
As  there  is  separation  here  between  the  two  tables,  much  injury-  may 
be  done  to  the  forehead  and  yet  tlie  brain-box  not  be  broken.  If  the 
fracture  of  the  frontal  sinuses  be  compound,  the  secretion  from  the 
mucous  membrane  lining  the  sinus  may  be  mistaken  for  brain-tissue. 
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Incomplete  fractures  of  the  cranium  elsewhere  are  usually  the  result 
of  knife-  or  sabre-wounds  delivered  with  much  violence,  which  shave 
off  a  flap  of  cranium  and  bone  together.  Incomplete  fracture  is  of 
miportance  only  so  far  as  it  has  to  do  with  the  complications,  such  as 
sepsis,  for  instance.      Fractures  of  the  inner  table  arc  referred  lo  later 

Fractures  of  the  cranium  arc  considered  under  the  heads  of  Simple, 
Compound,  Comminuted,  Complicated,  Complete  or  Incomplete,  Direct 
or  Indirect,  Fissured,  etc.,  as  arc  other  fractures;  but  it  must  be  kept 
in  mind  that  every  fracture  of  the  cranium  is  complicated  by  the  close 
vicinity  of  the  brain  and  its  coverings,  and  that  it  differs  in  this  respect 
from  fracture  of  other  parts.  The  shape  of  t!ie  skull,  as  a  whole,  being 
roughly  that  of  a  globe,  it  breaks,  when  subjected  to  violence,  in  a 
manner  quite  different  from  the  skeleton  elsewhere.  Not  only  the , 
point  where  the  injury  is  received  may  give  way,  but  the  violence  will 
travel  to  a  distant  region  and  in  some  cases  cause  a  fracture,  the  inter- 
vening bone  remaining  intact,  in  like  manner,  transmitted  violence 
may  be  expended  not  upon  bone,  but  upon  the  dura,  which  closely 
adheres  lo  the  inner  surface  of  the  skull,  producing  rupture  of  a  blood- 
vessel and  intracranial  bleeding.  In  other  instances  the  brain  itself 
will  receive  the  violence,  and  disorganization  of  the  nervous  matter 
result.  Injury  to  bone  always  is  to  be  held  of  secondary'  importance, 
the  matter  of  first  importance  being  tlie  injury  to  the  nervous  system. 
This  should  never  be  forgotten. 

Fracture  of  the  Vault  of  the  Cranium. — Fracture  of  the  vault 
is  usually  the  result  of  direct  violence  applied  o\er  a  limited  surface. 
If,  on  the  other  hand,  violence  is  attended  by  much  momentum,  the 
force  is  diffused,  and  a  fissure  may  be  found  to  travel  from  the  point 
struck  to  some  distant  region.  A  quick  sharp  blow,  then,  produces  a 
local  fracture;  violence  with  momentum,  a  fissure.  The  direction  in 
which  the  fissure  travels  is  not  always  certain,  and  the  mechanism  by 
which  it  is  produced  is  not  always  plain.  In  injurj'  to  the  vault  of  the 
cranium  from  without,  the  inner  table  will  be  fractured  over  a  larger 
area  than  the  outer  table,  and  a  comminution  of  the  inner  table  may 
take  place  and  one  or  more  of  the  fragments  be  turned  on  edge,  so  as 
lo  irritate  the  adjacent  dura.  If  violence  be  done  from  within  the 
skull,  as  by  a  pistol-bullet  passing  through  the  skull,  at  the  wound  of 
exit  the  outer  table  will  be  broken  over  a  larger  area  tlian  tlie  inner. 
As  an  extremely  rare  condition  the  amount  of  violence  may  be  suf- 
ficient to  break  the  inner  table  without  fracture  of  the  outer  table.  An 
example  of  this  is  in  the  Medical  Museum  at  Washington. 

A  sudden  sharp  blow,  breaking  the  vault,  will  depress  the  bone, 
which  gives  way  along  several  lines.  The  amount  of  depression  will 
depend  on  the  violence  and  the  shape  of  the  vuinerating  weapon.  The 
apex  of  the  depre.ssion  will  press  against  the  dura,  which  may  give 
way,  .■;o  that  the  brain  is  torn  by  the  rough  bone-edges,  while  the  sides 
of  the  cone-shaped  depression  will  be  the  fragments  of  skull  driven  in 
but  remaining  attached  lo  the  unbroken  vault.  Should  the  violence 
be  extreme,  fragments  of  bone  are  detached  from  the  skull  and  driven 
bodily  into  the  brain.  The  inner  table  is  always  more  extensively 
comminuted  than  the  outer  table,  although  the  dura  will  give  way  to  a 
less  extent  than  the  outer  table. 
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Depression  of  bone  sufficient  to  force  in  the  dura  without  causing 
that  membrane  to  give  way  is  liable  to  contuse  the  brain  and  cause 
subdural  hemorrhage.  Permanent  depression  of  bone  without  fracture 
does  not  occur  except  in  very  early  life,  yet  a  portion  of  cranium  may 
be  forced  inward  and  give  way  in  the  line  of  several  fissures,  resuming 
its  normal  position  when  ihc  force  is  removed;  these  fissures  are  appa- 
rently insignificant,  yet  tiiey  arc  plainly  fractures. 

Fracture  of  the  skull  without  depression  is  apt  to  take  the  shape 
of  a  fissure,  which  may  be  compound,  with  or  without  depression;  if 
depression  exist,  effusion  of  blood  under  the  intact  scalp  promptly 
fills  the  depression  and  raises  the  scalp  so  as  to  mask  the  injury.  If 
the  scalp  gives  way.  there  is  external  bleeding,  and  the  depressed  bone 
is  plainly  exposed  to  sight  and  touch. 

Hrain-shock.  then,  is  to  be  accepted  as  a  first  result  of  injury  to  the 
vault  of  the  cranium  ;  whether  this  shock  be  accompanied  by  hemor- 
rhage or  disorganization  of  the  brain  or  not,  the  obsen'cr  will  not  be 
able  at  once  to  recognize.  Depression  of  bone  can  generally  be  made 
out  by  careful  e.xamination,  although  the  scalp  may  not  be  divided. 
If  there  is  much  effusion  about  the  seat  of  injury,  and  the  scalp  is  not 
divided,  recognition  of  the  fracture  is  difticuit.  Attention  should  be 
directed  to  the  fact  that  after  an  injurj'  to  the  scalp  with  effusion  of 
blood  between  the  scalp  and  the  skull,  the  periphery  of  the  effusion 
in  the  course  of  two  or  three  days  becomes  hard,  while  the  center 
remains  still  soft,  thus  giving  to  the  examining  finger  the  sensation 
of  a  depressed  fracture,  when  in  fact  the  bone  is  intact.  Excellent 
surgeons  have  been  misled  by  this.  Gentle  and  .steady  pressure  will 
usually  suffice  to  press  aside  any  effusion  or  clot,  and  enable  the  exam- 
ining finger  to  recognize  fracture  if  any  depression  be  present.  Where 
a  fissure  without  di.splacement  exists,  such  an  examination  is  negative. 
When  a  diagno.si.s  is  uncertain,  the  surgeon  should  not  hesitate  to 
divide  the  scalp  and  inspect  the  injured  region.  Aseptic  precautions 
are,  of  course,  called  for. 

A  fissure-fracture  starting  from  the  vault  where  injured  will  gener- 
ally travel  toward  the  base,  and  there  is  a  general  tendency  for  fract- 
ures in  the  front  or  middle  or  posterior  part  of  the  vault  to  extend 
toward  the  fossa  at  the  base  of  the  skull  corresponding  to  the  portion 
of  the  vault  injured.  Fissures  of  the  anterior  portion  of  the  skull  are 
apt  to  involve  thc^  roof  of  the  orbit  and  anterior  fossa ;  those  of  the 
posterior  part  of  the  head,  the  cerebellar  fossa :  and  those  of  the  central 
portion  of  the  head,  the  middle  fossa  of  the  base.  The  fissure  which 
begins  by  running  horizontally  will  usually  turn  downward  toward  the 
base,  but  the  mechanism  by  which  longitudinal  fissures  of  the  cranium 
arc  produced  is  not' well  defined.  In  depressed  fracture  the  lines  of 
fracture  will,  of  course,  vary  with  the  violence  and  its  direction,  also 
the  amount  of  depression  and  the  amount  of  comminution.  Occasion- 
ally, although  violence  has  come  from  without,  a  fracture  of  the  vault 
of  the  cranium  has  resulted  not  in  a  depressed  but  in  a  raised  fragment 
of  bone.  In  these  cases  a  pointed  missile — chisel — has  entered  the 
skull  and  pried  the  broken  f)ortion  above  the  surrounding  .surface. 

Fracture  of  the  base  is  usually  considered  as  occurring  not  by 
direct  violence,  but  rather  by  count  erst  rokc,  contre  coup.     This  latter  is 
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the  case  where  fracture  of  the  base  follows  an  injury  to  the  vault,  the  I 

intervening  bone  being  intact.  But  where  violence  done  to  the  vault 
results  ill  an  injury  which  travels  from  the  point  struck  down  into  the 
base,  in  the  form  of  a  fissure,  it  is  more  accurately  described  not  as 
counterstroke,  but  as  direct  violence  travelling  continuously  along 
the  skull  wall.  The  mechanism  by  which  the  fracture  by  counter- 
stroke  takes  place  has  been  variously,  but  not  always  satisfactorily, 
explained.  The  most  probable  view  at  present  is  that  from  the  point 
where  the  violence  is  received  a  wave  is  transmitted  through  the  semi-  ■ 
fluid  brain  and  delivered  at  some  distant  point,  producing  a  fracture 
there.  This  would  be  more  easily  understood  if  the  cranium  were  a 
perfect  sphere,  and  the  region  of  the  counterstroke  fracture  were 
always  directly  opposite  where  the  violence  is  first  received.  Such  is 
not  the  case,  however,  and  therefore  various  buttresses  in  the  skull 
itself  arc  regarded  as  tending  to  diffuse  shock,  and  thus  produce  fract- 
ure in  a  somewhat  irregular  way.  It  is  considered  thai  the  vault  of 
the  cranium  is  ribbed  anatomically,  the  ribs  running  up  toward  the 
vertex  from  the  frontal  region,  the  external  angular  process  of  the 
frontal,  the  mastoid  proces.s.  and  behind  from  the  occipital  protuber- 
ance. In  the  middle  line  in  front,  from  the  root  of  the  nose  upward,  a 
rib  may  be  considered  to  extend,  and  rarely  if  ever  will  a  fracture 
passing  from  the  vertex  downward  follow  these  ribs,  but  always  run 
between  them.  The  transmission  of  violence  along  the  walls  of  the 
cranium  was  at  one  time  the  accepted  theorj-.  I  scarcely  think  that  at 
the  present  day  any  one  view  of  the  counterstroke  will  be  found  to 
apply  to  all  cases.  Where  the  fissure  starts  from  the  point  .struck  and 
extends  continuously  into  a  distant  part  of  the  cranium,  there  is  no 
doubt  that  the  shape  and  consistence  of  the  bone  have  much  to  do 
with  the  line  of  fracture.  Counterstroke  injury  is  not,  however,  limited 
to  bone-ti.ssue,  for  contusion  of  the  brain  and  rupture  of  blood-vessels 
may  occur,  both  of  which  are  of  infinitely  more  importance  than  the 
fracture  of  bone. 

Fissure-fractures  pursue  their  course  independently  of  sutures. 
When  violence  is  done  to  the  vault  of  the  cranium,  it  is  probable  that 
a  certain  amount  of  depression  takes  place,  and  that  the  bone  from  its 
own  elasticity  regains  it  shape.  If  the  violence  is  continued  until  the 
bone  gives  way,  the  bones  may  or  may  not  resume  their  shape.  Where 
a  fissure  has  been  produced  and  the  bones  have  taken  their  position 
again,  diagnosis  without  a  wound  of  the  soft  parts  is  not  possible.  In 
a  certain  number  of  cases  of  this  kind  the  vulnerating  force  has  carried 
hair  against  the  bone  {compound  fractures),  which  hair  has  been  caught 
in  the  fissure,  anjl,  on  inspection,  appears  to  be  growing  directly  from 
the  bone. 

In  childhood,  when  the  bones  are  softer  and  more  elastic  than  later, 
having  little  cancellated  structure,  a  depression  without  fracture  may 
exist. 

The  ronf  of  the  orbit,  when  broken,  gives  way  most  irregularly. 
There  are  instances  of  fracture  of  the  roof  of  the  orbit  where  the 
fracture  was  comminuted  and  the  fragments  were  turned  up  on  edge 
so  as  to  irritate  the  dura.  The  anterior  fossa  of  the  base  has  been 
broken  by  injury  received  on  the  occiput,  counterstroke  giving  rise  to 
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comminution  of  the  orbit  roof.  The  case  of  a  late  chief  magistrate  of  the 
United  States  who  suffered  fracture  of  both  orbital  plates  from  a  pistol 
bullet-wound  of  the  occipit  has  become  classical.  The  anterior  fossa 
of  the  base  is  occasionally  wounded  by  direct  violence  through  the 
orbit.  Cases  are  recorded  where  an  umbrella-point  or  a  foil  has  been 
thrust  through  the  roof  of  the  orbit,  the  skin-wound  being  so  small  as 
to  escape  notice,  so  that  the  fracture  was  not  recognized  until  fatal 
meningitis  had  occurred.  The  anterior  fossa  may  suffer  injury  by 
direct  violence  through  the  nose.  The  middle  fossa  of  the  base  of  the 
skull  is  more  often  broken  than  either  the  anterior  or  posterior,  though 
rarely  by  direct  violence.  The  break  is  generally  due  to  a  fissure 
which  extends  from  the  vault  tiirough  the  root  of  the  zygoma  and  the 
petrous  portion  of  the  temporal  bone,  breaking  the  tj'mpanum  and 
possibly  extending  to  the  basisphenoid.  The  cerebellar  fossa,  as  has 
been  already  said,  is  more  apt  to  be  broken  by  injury  done  to  the  back 
of.  the  skull,  and  the  fissure  will  be  found  running  more  or  less  for- 
ward from  the  point  struck,  and  may  open  into  the  foramen  magnum. 

Prognosis  of  Skull-fracture. — There  is  generally  an  increasing 
mort.ilitj'  in  fractures  of  the  cranium  from  before  backward,  the  least 
mortality  attending  fractures  in  the  front,  and  the  greatest  mortality  in 
the  occipital  region  ;  this  applies  both  to  the  vault  and  the  base.  Per- 
haps the  supposed  larger  mortality  in  the  occipital  region  may  arise 
from  the  fact  that  cases  escape  our  observation,  and  the  severe  wounds 
alone  are  recognised. 

Puncttire  fractures  may  of  course  occur  anywhere,  and  are  char- 
acterised by  a  small  wound  both  in  the  soft  parts  and  in  the  cranium, 
perhaps  insignificant  in  appearance.  The  inner  table  of  the  skull  will 
be  broken  to  a  greater  extent  than  the  outer,  and  fragments  of  it  are 
apt  to  be  carried  into  the  brain.  Septic  matter  is  frequently  inoculated, 
so  that  operation  is  called  for.  In  gunshot  wound,  operation  is  not 
always  indicated.  The  anterior  fossa  of  the  skull,  as  well  as  the 
middle  fossa,  is  in  relation  with  cavities  by  which  inspection  becomes 
possible — namely,  the  nose,  the  orbit,  and  the  auditory  canal.  In 
suspected  fractures  of  the  anterior  fossa,  effusion  of  blood  is  very  apt 
to  travel  forward  in  the  sheath  of  the  optic  nerve  and  spread  out  over 
the  ball  of  the  eye,  making  its  appearance  as  a  subconjunctival  hema- 
toma. This  may  extend  up  to  the  cornea  and  obscure  the  sclerotic.  Sub- 
sequent to  this  hemorrhage  the  lids  or  intra-orbital  tissues  may  become 
edematous  and  discolored,  but  always  after  the  subconjunctival  effiision. 
Ordinarj'  "black  eye"  from  contusion  is  verj-  common,  but  here,  the 
lids  being  separated,  the  eye  will  be  found  normal.  If  fracture  should 
take  place  through  the  olfactory  plate,  much  blood  would  be  expected 
to  flow  from  the  nose ;  but  bleeding  from  the  nose  is  such  a  verj-  com- 
mon accident  after  head-injury  that  as  a  diagnostic  sign  it  carries  very 
little  weight.  Fracture  of  the  middle  fossa  of  the  skull  will  give  ri.se 
in  certain  cases  to  bleeding  from  the  ear.  Here  the  fracture  has  torn 
the  drum  of  the  ear,  and  has  extended  through  the  middle  ear  and  pe- 
trous portion  of  the  temporal  bone,  opening  the  subdural  space.  Under 
such  conditions,  the  flow  of  blood,  ceasing  in  twenly-four  to  thirty-six 
hours,  is  succeeded  by  a  flow  of  watery  fluid,  first  blood-stained,  then 
clear.     TJiis  is  cerebro.spinal  fluid,  and  is  highly  characteristic  of  a 
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fracture  in  the  locality  stated.  In  one  or  two  cases  the  bleeding  has 
been  followed  by  a  limited  flow  of  water,  and  yet  subsequent  examina- 
tion has  not  shown  that  the  fracture  extended  into  the  subdural  space 
so  as  to  give  exit  to  cerebrospinal  fluid;  here  it  is  believed  that  the 
fluid  pinircd  out  is  from  the  labyrinth,  It  is  a  surgical  curiosity,  and 
is  so  rare  that  a  flow  of  blond  from  the  car  followed  by  waterj-  fluid 
may  be  taken  as  diagnostic  of  fracturi;  into  the  middle  fossa,  opening 
the  subdural  space.  The  apertures  through  which  the  cranial  nerves 
pass  may  be  involved  in  a  fracture,  and  the  implication  of  the  corre- 
sponding nerves,  with  disturbances  of  their  function,  will  assist  the 
surgeon  in  making  a  diagnosis, 

in  case  a  depressed  fracture  or  a  hemorrhage  involves  the  motor 
area,  valuable  information  as  to  its  extent  and  situation  may  be 
afforded. 

Healing  Sknll-fractures. — Fractures  of  the  skull  heal  witli  little 
callus.     When  loss  of  bone  is  extensive,  the  hiatus  will  rarely  be  closed 

by  bone.  Strong  fibrous  tissue 
bridges  over  and  fills  up  the  open- 
ing, and  occasionally  contains 
small  fragments  of  bone.  This 
scar-tissue  may  be  so  firm  as  to 
give  to  the  examining  finger  a  sen- 
sation of  bone,  and  a  dissection 
may  be  necessary  in  order  to 
recognize  the  material  with  which 
the  defect  is  clo.sed.  Reimplanta- 
tion of  bone  after  fracture  with  loss 
of  bone  may  sometimes  close  a 
defect,  and  in  other  cases  necrosis 
after  a  certain  period  will  necessi- 
tate the  removal  of  the  implanted 
bone.  Repair  of  skull-fractures  is 
slow. 

The  Treatment  of  Skull- 
fracture. — A  depressed  fracture 
of  the  skuH  (vertex)  which  is 
allowed  to  remain  unelevated  may 
give  rise  to  most  serious  symptoms 
— epilepsy,  etc.;  and  since  clean 
operations  nn  the  skull  are  fol- 
lowed by  a  minimum  of  risk,  it  is 
allowable  at  the  present  day,  in  a 
case  nf  uncertainty,  to  incise  the  skull  over  the  supposed  fracture,  and 
by  sight  and  touch  recognize  the  condition  of  affairs  (Fig.  400).  This 
is  better  than  the  uncertainty  of  a  possible  depressed  bit  of  bone. 

For  elevation  of  depressed  bone  the  trephine  is  very  rarely  needed. 
The  sharp  corner  of  the  chi.'^el  can  generally  be  inserted  between  some 
of  the  depressed  fragments,  and,  one  after  another,  they  can  be  raised 
into  position  or  removed.  It  is  essential  to  examine  carefully  the  under 
surface  of  depressed  fragments,  and  make  sure  that  all  the  loose  pieces 
of  the  inner  table   have  been  removed.     The  dura  is  to  be  carefully 


Flu.  400.— Tan  of  fruntaJ  bone  and  iicarlv 
alj  th(?  roof  cif  The  orbit  rpmovrd  for  mcniaJ 
disturbance  following  ilcpres5ed  ftatturc  one 
year  previously.     Complete  recovery. 
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examined,  and  repaired  by  suture  if  lorn  ;  and  where  there  is  any  doubt 


Fl<;,  apX  ^^jmplf  i]ei>™%^f.'il  JriicTuri?  ol  ifie  skuh  in  Qn  intam,  wuhout  ayniploms.     No  trcAl- 
mcuT-     Gmdual  d^^ppearanct  of  dtpre«%ion  (EIFiol's  ccut), 

on  the  subject,  broken  bone  had  better  be  removed  entirely  than  left 
with  a  possibility  of  setting  up 


future  trouble.  That  a  de- 
pressed fracture  will  necessarily 
kill  a  patient  if  let  alone  is  not 
true.  In  a  certain  number  of 
cases  epilepsy  develops  as  a 
result  of  such  pressure,  but  in 
some  others  absolutely  no  symp- 
toms arc  recognized,  and  the  pa- 
tient leads  as  useful  and  as  long 
a  life  as  if  there  were  no  depres- 
sion whatever.  These  are  tht- 
exceptions  only,  and  the  occur- 
rence now  and  then  of  such  a 
case  is  to  be  looked  upon  as 
a  surgical  ciinosity,  and  not  as 
an  index  to  treatment.  Rough 
edges  are  always  to  be  smoothed, 
and  then  the  -^calp  closed  over  the 
scat  of  o[>cralion.  Arrest  of  hem- 
orrhage is  to  be  effected  by  liga- 
ture,and  the  scalp  closed  lightly 
and  not  tightly,  as  advised  under 
K  Tre.ilment  of  Sc.il])-Mounds, 
I  Fracture  of  the  base  is  unfor- 
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tunately  not  easily  got  at,  so  that  the  treatment  will  not  be  so  direct  and 
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cleanly  as  where  the  vertex  has  suffered  injury.  Unquestionably,  many 
cases  of  fracture  of  the  base  recover,  but  tht:  prognosis  is  always  grave, 
especially  where  the  injurj- occurs  by  means  of  a  wound  in  relation  to  tlie 
air.  This  is  the  case  when  the  tympanum  and  temporal  bone  are  fract- 
ured and  torn,  as  shown  by  the  flow  of  blood  and  cerebrospinal  fluid. 
Here  it  is  manifestly  impossible  to  get  at  and  clean  the  vicinity  of  the  fract- 
ure. Likewise,  where  the  base  of  the  anterior  fossa;  is  opened  and  the 
nares  put  in  communication  with  the  interior  of  the  skull,  the  difficulty  of 
cleansing  is  at  once  apparent.  When  the  posterior  fossir  suffer  fract- 
ure, as  there  is  no  opening  normally  existing  through  the  skin,  much 
doubt  must  exist  in  regard  to  the  condition  of  affairs  present.  In  either 
case  cleanliness,  when  obtainable,  should  be  exercised.  Absolute  rest 
in  a  recumbent  po.sture  is  to  be  enjoined,  a  darkened  room  and  absolute 
quiet  insisted  on,  while  a  light  and  very  abstemious  diet  is  to  be  given, 
and  a  purgative  administered  daily. 

The  trenlmeni  direcleH  elsfwhure  in  Ihis  nrticle,  when  no  operalion  Toi  the  removal  of  u 
licadlumoi  is  undertaken,  is  Iht  Ircatmeiil  lo  be  carried  oul  v;itli  skull-frntiure^ — llie  same 
eleanbin^,  care  of  Ibe  wtmnd.  niid  i:lo5urc  of  iJie  wound  with  dressing. 

Gtinsliot  wounds  of  the  head  are  usually  penetrating  and  always 
compound,  and  are  serious  more  from  injury  of  the  bone  of  the 
meninges  than  of  the  brain  itself  A  glancing  injury  from  a  bullet  is 
extremely  rare,  and  much  rarer  with  the  modern  projectiles  than  when 
a  more  slowly  moving  bullet  is  employed.     The  glancing  bullet,  sup- 


FtG.  403. — d,  Gunshol  fracture,  showing  fi&suie:  b,  crush  of  the  skull ;  camminuled  fragments 

wired  lightly. 


posing  that  such  a  thing  is  now  seen,  will  produce  a  contusion  of  the 
skull,  with  such  accidents  as  may  result  therefrom.  A  gunshot  wound 
of  the  skull  with  the  modern  army  weapon  produces  in  many  cases 
very  great  injury,  which  has  been  denominated  "explosive  \'iolence." 
A  bullet  passing  through  the  skull  will  produce  fractures  running  in 
every  direction,  as  though  great  violence  from  within  had  been  expended 
on  the  bones.  The  bullet  alway.s  traverses  the  skull,  producing  two 
wounds;  such  injuries  are  promptly  fatal.  The  explanation  given  is 
that  the  bullet,  in  its  very  rapid  passage  through  the  semi-solid  con- 
tents of  the  skull,  expends  its  force  on  that  mass  in  every  direction. 
There  i.s  not  time  enough  for  the  cerebrospinal  fluid  or  for  the  blood  to 
be  displaced  so  as  to  make  room  for  the  bullet,  so  a  rending  of  the 
cranium  takes  place.  7"his  has  been  experimentally  tried  and  verified 
by  vessels  filled  with  water,  even  although  the  top  may  not  have  been 
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tightly  pressed  down.  Pislol-bullct  wounds  or  non-fatal  gunshot 
wounds  of  the  head  are  met  with.  Here  the  bullet  docs  not  travel  with 
as  much  velocity,  and  may  lodge.  The  injury  is  a  complex  one,  and 
will  always  be  complicated  by  a  forcing  into  the  brain  of  fragments  of 
skull.  The  symptom.s  will  depend  upon  the  part  of  the  brain  injured, 
and  ]jaralysis  of  some  portions  of  the  body,  extensive  bleeding,  or 
immediate  death  may  take  place.  Theoretically,  the  treatment  to  be 
followed  out  is  to  cleanse  thoroughly  the  field  of  injury,  to  place  the 
patient's  head  in  such  a  position  that  the  track  of  the  wound  shall  be 
vertical,  with  the  external  opening  above,  and  to  allow  a  probe  to  sink 
by  its  own  weight  through  the  brain-track,  and  if  the  bullet  have  struck 
the  opposite  side  of  the  skull,  to  trephine  there,  open  the  dura,  locate 
the  bullet,  and  extract  it.  leaving  the  trephine  wound  open  for  drainage. 
Practically,  ver>'  few  cases  of  such  excellent  surgerj'  have  been  suc- 
cessful, while  by  conservative  methods  recover}'  with  the  bullet  remain- 
ing in  the  brain  has  ensued.  In  case  it  should  be  deemed  unwise  to 
search  for  the  bullet  within  the  skull,  the  patient's  head  should  be 
placed  in  such  a  position  that  drainage  shall  take  place  outward  through 
the  opening  in  the  skull,  so  that  the  fragments  carried  into  the  brain 
may  make  their  way  out,  and  po.ssibly  the  bullet  come  near  the  external 
opening,  so  as  to  permit  of  removal.  A  number  of  cases  are  on  record 
of  recovery  with  the  bullet  remaining  in  the  brain.  Where  the  bullet 
has  entered  the  skull,  apart  from  the  immediate  danger  from  the  injurj', 
secondary  abscess -formation  is  to  be  feared.  Here  the  usual  symptoms 
of  brain-abscess  will  prevail. 

Generally  speaking,  then,  the  treatment  of  a  gunshot  wound  of  the 
brain  is  local  cleanliness,  first  and  most  important — shaving  the  scalp, 
etc.  Then,  if  the  fragments  of  bone  which  have  been  carried  into  the 
brain  do  not  present  at  the  opening,  or  if  the  bullet  do  not  present, 
unless  there  seem  to  be  special  indication,  it  will  be  unwise  to  trephine 
and  search  for  the  bullet.  The  probe  which  should  be  used  to  investi- 
gate the  track  of  the  bullet  through  the  brain  should  have  a  large  end 
and  be  sufficieutly  long  to  pass  through  the  skull.  A  probe  with  a 
small  point  will  easily  penetrate  the  brain -.'iubstance  and  so  mislead  the 
surgeon.  An  aluminum  probe  or  a  Nelaton  probe  with  a  slender 
shank  is  best.  It  is  unwise  to  close  a  gunshot  wound  of  the  head. 
Before  attempting  to  remove  a  bullet  from  the  brain,  it  should  be  local- 
ized as  closely  as  possible  by  means  of  .V-ray  photographs  taken  in 
two  or  more  directions,  so  as  to  give  the  point  by  means  of  intersecting 
planes. 
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Hemorrhage  may  be  extradural,  subdural,  or  central.  Extradural 
hemorrhage  is  usually  the  result  of  a  rupture  of  one  of  the  middle 
meningeal  branches,  with  or  without  break  of  the  skull,  the  effusion  of 
blood  taking  place  between  the  bone  and  the  dura.  Subdural  hemor- 
rhage may  be  from  bleeding  into  the  pia  arachnoid,  in  which  case  it  is 
from  the  middle  meningeal  vessel,  or  it  may  be  upon  the  surface  of  the 
brain,  when  it  will  be  from  the  rupture  of  one  of  the  vessels  of  the  pia 
mater,  with  tear  of  the  arachnoid.     In  cither  case  the  internal  capacity 
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of  the  skull,  so  far  as  the  nervous  matter  goes,  is  diminished  by  the 
amount  of  blood  effused.  If  the  blood  be  poured  out  quickly,  symp- 
toms of  iiittrfereiicc  with  brain-function  will  soon  appear.  On  the 
other  hand,  where  the  hemorrhage  is  siow,  the  cerebrospinal  fluid  is 
slowly  pressed  from  the  cranium  into  the  spinal  canal,  and  symptoms 
of  brain -disturbance  appear  gradually.  When  the  effusion  is  between 
the  dura  and  the  skull,  the  necessary  stripping  off  of  the  dura  from  the 
skull  w'ill  exercise  some  compression  ujxin  the  mouth  of  the  bleeding 
vessel.  If  the  clot  be  opposite  some  portion  of  the  brain  presiding 
over  motion  or  speech,  local  symptoms  peculiar  to  a  lack  of  function 
in  that  portion  of  the  brain  will  appear.  On  the  other  hand,  if  an 
effusion  oF  blood  takes  place  into  the  subdural  space,  the  blood  will 
gravitate  to  the  base  of  the  skull  and  will  press  upon  the  basal  ganglia, 
so  that  general  rather  than  special  symptoms  of  compression  will  be 
apparent.  When  the  bleeding  is  under  the  pia  arachnoid,  due  prob- 
ably to  a  tear  in  one  of  the  veins,  it  takes  place  slowly,  the  effused 
blood,  spreading  out  in  a  more  or  less  thin  layer,  clots  on  the  surface 
of  the  brain  ;  it  dips  down  into  the  sulci,  and  may  give  rise  to  localized 
convulsions  from  irritation,  or  to  paralysis,  if  it  be  over  a  motor  area. 
With  these  local  symptoms  the  general  symptoms  of  compression  will 
be  present.  These  local  symptoms  will  decidedly  assist  a  diagnosis. 
Irregularity  of  the  pupils  will  suggest  hemorrhage. 

Extradural  hemorrhage  is  almost  always  from  the  middle  meningeal 
vessel,  and  the  first  local  symptom  of  compression  will  probably  come 


from  that  part  of  the  brain  lying  adjacent  to  this  artery.  Loss  of 
power  occurs  on  the  side  opposite  to  the  place  of  pressure.  There  is 
often  an  interval  between  the  infliction  of  violence  and  the  symptoms 
of  compression  due  to  intracranial  hemorrhage.     During  this  period 
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intelligence  is  retained,  although  it  may  be  disordered.  This  is  the 
most  important  symptom.  The  followinfi;  sequence  of  events  is  pathog- 
nomonic and  calls  for  interference  at  once:  Injury,  concussion,  recov- 
ery, a  period  of  intelligence  followed  bj'  heniiple},'ia,  somnolence,  un- 
consciousness, and  irregular  movements.  The  temperature  will  not  be 
elevated ;  the  pulse  will  be  slow  and  full,  but  with  increasing  compres.sion, 
may  become  rapid.  The  breathing  will  at  first  be  quiet.  Convulsions 
may  occur.  Later  the  breathing  becomes  stertorous,  and  some  rise 
of  temperature  takes  place.  Dilated  pupils  will  be  found  to  accom- 
pany the  late  stage  of  compression,  whereas  at  its  commencement  the 
pupil  is  contracted.  A  dilated  and  immovable  pupil  strongly  suggests 
a  local  compression.  If  trouble  be  limited  to  the  left  side,  aphasic 
symptoms  will  be  more  apt  to  occur  with  hemiplegia,  in  a  right-handed 
person,  In  the  right  side  hemiplegia  without  speech-disturbance  is 
usual.     Hemorrhage  may  cease  spontaneously,  but  the  pressure  on  the 


lt«.  405. — Fi&sured  fraclLiri:?  of  :»kull  cruuutg  the  mLddlc  int^iiingc;^!  xrlcry.     llic  hEmurrhBge 
resulling  from  this  fracture  is  shown  in  Fig.  404  (Etliol's  cnH). 

brain  will  continue  to  exist  until  the  clot  is  absorbed,  and  mental  dis- 
turbance will  persist  until  then.  A  clot  may  never  be  entirely  absorbed, 
and  may  cause  irritation  in  the  same  way  that  a  depressed  fragment  of 
bone  may  cause  Jacksonian  epilepsy. 

Injury  to  a  sinus  of  the  dura  may  happen  from  direct  trauma  and 
hemorrhage  may  occur,  or  the  bones  may  be  forced  in  upon  the  sinus 
and  the  hemorrhage  not  take  place  until  the  bone  is  elevated.  By 
pressure  with  gauze,  by  suture  with  fine  thread,  or  by  passing  a  lig.a- 
turc  with   a  curved  needle  around  the  sinus,   it   may  be  arrested. 

Treatment  ol  Intracranial  Hemorrhage. — The  treatment    already 
suggested  for  concussion  and  contusion  of  the  brain  will  be  proper  for 
intracranial  hemorrhage  until  a  diagnosis  is  made.     When  that  is  evi- 
dent, the  recumbent  posture  and  an  ice-cap  become  necessary,  together 
H     with  measures  to  reduce  the  force  of  the  heart-beat.     The  symptoms 
H    continuing,  it  is  a  question  whether  operative  interference  is  called  for. 
■    When  there  is  any  probability  that  the  effusion  is  due  to  a  rupture  of 
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^H  the  middle  meningeal  artery,  the  skull  should  be  opened  without  hesi-l 

^H  tation,  the  clot  removed  if  present,  and  the  bleeding  vessel  tied,  if  pos-  ' 

^H  sible.     A  curved  needle  carrying  a  thread  is  passed  under  the  vessel 

^H  proximal  to  the  wound.     The  opening  in  the  skull  should  be  large 

^H  enough  to  permit  of  all   manipulalion.  and  if  the  first  opening  is  not 

^H  sufiicient,  it   should    be    made   sufficiently  large  by  means   of  rongeur 

^H  forceps.      F"ailure  to  find  the  clot  under  the  trcphinc-wound  may  occur, 

^H  but  the  absence  of  pulsation  under  the  dura  and  the  discoloration  of 

^H  the  dura  will  suggest  a  deeper  clot.     The  skull  having  been  largely 

^H  opened,  the  dura  is  to  bo  incised  a  sufficient  distance — \  inch — from 

^H  the  edge  of  the  bone,  to  permit  of  sewing  up  afterward.     The  dura 

^H  then  is  turned  down,  and  the  clot  evacuated  by  spoon  and  a  gentle 

^H  stream  of  water,  the  bleeding  point  being  sought  for  and  tied.     If 

^H  the  hemorrhage  is  from  a  vein  of  the  pia,  it  will  be  found  with  much 

^B  difficulty. 

^1  Hemorrhage  into  the  lateral  ventricle  presents  no  symptoms  dif- 

^H  fering  from  an  intracranial  hemorrhage  not  in  the  motor  region,  except 

^H  greater  liability  to  convulsions. 

^H  Hemorrhage  into  the  brain-substance  may  take  place  from  direct 

^H  violence  with  fracture  and  depression,  and  will  be  subject  to  the  usual 

^H  treatment  of  fracture  with  depression;  but  a  violent  contusion  of  the 

^H  brain  without  fracture  may  occur,  and  the  contusion  may  be  sufficiently 

^H  severe  to  give  rise  to  hemorrhage   into   the  brain-substance.     Such 

^H  hemorrhage  is  usually  punctiforni,  but  may  be  worthy  of  the  name  of 

^H  extravasation,  if  the  amount  of  blood  poured  out  be  large.     In  such  a 

^H  condition  of  affairs  there  would  be  present  the  violent  jar  of  the  pri- 

^B  mary  injury,  from  which  the  patient   migiit   recover,  and   then  would 

^K  become  apparent  the  symptoms  resulting  from  the  extravasation  of  the 

^1  blood  into  the  brain-substance.     If  compression -symptoms  were  pro- 

^1  gressive,  it  might  be  proper  to  open  the  head  and  attempt  to  find  the 

^B  bleeding  point ;  but  the  o]>erator  would  probably  be  unsuccessful.     If 

^B  the  symptoms  are  not  progressive,  it  would  be  useless  to  open  the 

|V  head  with  the  expectation  of  removing  the  clot ;  more  harm  would 

I  result  to  the  brain  from  the  operative  measures  than  from  leaving  it 

alone. 

Hernia  Cerebri. — This  name  is  given  to  a  protrusion  of  the  brain- 
substance  uncovered  by  membranes  through  an  opening  in  the  skull. 
'  It  occurs  after  fractures  or  wounds  with  loss  of  skull  in  which  the 

I  meninges  have  given  way  or  been  divided.     It  is  an  evidence  of  sepsis, 

local  perhaps.  The  protruding  mass,  which  is  brain-substance,  at  first 
is  small;  it  subsequently  may  become  large,  may  slough,  may  suppu- 
rate, but  always  projects  above  the  level  of  the  skull.  It  will  pulsate 
and  is  soft  to  the  touch,  not  vascular,  however;  it  is  possible  to  cut 
away  portions  of  the  hernia,  for  brain-sub.stance  is  insensitive.  When 
portions  of  the  hernia  are  cut  away,  new  portions  are  apt  to  protrude 
through  the  skull.  As  inflammation  dimini.shes.  the  hernia  will  sink 
within  the  head  and  cicatrization  take  place,  or  the  patient  may  die  of 
general  sepsis  (Fig.  406). 

Treatment. — An  attempt  to  force  the  brain  back  into  the  skuli  will 
give  rise  to  symptoms  of  compression  not  advantageous  to  the  patient 
Cutting  off  pieces  of  the  brain  down  to  the  level  of  the  skull  is  not 
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called  for.  A  clean  dressing,  with  a  light  compressing  bandage  to 
hold  the  dressings  in  place,  and  so  exercise  a  very  slight  pressure  on 
the  hernia,  is  all  that  is  necessary.  The  surface  of  the  hernia  may 
slough,  and  if  so,  the  dressing  should  be  changed  and  cleanliness  con- 


FlG-  406, — Hernia  cerebri. 

tinned.     As  the  wound  becomes  clean  and  cicatrization  takes  place, 
the  hernia  will  disappear. 

Brain-compression. — The  amount  of  compression  to  which  the 
brain  may  be  subjected  will  vary  with  the  rapidity  with  which  the  com- 
■  pression  is  eflected  ;  and  this  may  be  explained  by  the  escape  of  cere- 
'  brospinal  fluid  from  within  the  head  into  the  spinal  canal,  thus  permit- 
ting a  foreign  substance  to  occupy  space  within  the  cranium  without 
causing  pressure  on  much  of  the  brain-sub.stance.  To  produce  this 
change  compression  must  be  effected  very  slowly.  A  rapid  compres- 
sion will  give  rise  to  local  effects  at  once.  Probably  from  3  to  6  per 
cent.,  or  thereabout,  of  the  intracranial  area  can  be  taken  up  by  a 
foreign  substance  without  the  symptoms  of  compression  becoming 
marked.  After  the  above  maximum,  however,  has  been  passed,  press- 
ure-symptoms may  be  expected.  It  is  on  account  of  this  that  extrav- 
asation of  blood  may  go  on  from  a  ruptured  vessel,  if  the  rupture  be 
.small,  for  a  certain  time,  without  giving  rise  to  symptoms;  or  the 
growth  of  an  intracranial  tumor  may  take  place  and  attain  a  decided 
size  without  giving  rise  to  symptoms  whereby  its  presence  would  be 
noted.  It  may  be  that  where  an  abscess  forms  in  the  brain,  the  press- 
ure-symptoms are  not  noticed  at  first.  The  primary  symptom  may 
be  one  which  results  from  the  involvement  of  some  specific  brain-area 
— for  instance,  in  the  motor  region.  Inasmuch  as  the  escape  of  cere- 
brospinal fluid  from  the  head  relieves  compression,  for  a  certain  time, 
at  all  events,  it  is  evident  that  an  exce,ss  of  pressure,  if  such  increase 
take  place  slowly,  may  hap[>en  without  disturbing  the  brain-function, 
as  is  frequently  the  case  in  hydrocephalus. 

The  symptoms  of  compression  are  mental  disturbance — which  may 
be  sensor>'  or  motor — irregular  movements,  vomiting,  and  progressive 
loss  of  consciousness,  running  into  coma,  with  snoring  when  sleeping. 
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and  convulsions.  The  convulsions  may  be  more  marked  in  one  part 
of  the  body  than  in  another,  which  will  give  rise  to  a  well-grounded 
suspicion  as  to  the  locality  where  the  compressing  force  is  most  exer- 
cised. Breathing  and  pulse  are  both  slow  in  compression.  Optic 
neuritis,  if  compression  has  existed  a  certain  time,  will  be  found ;  dis- 
turbance of  vision  also,  and  of  smell  and  taste.  Indeed,  all  the  cranial 
nerves  should  Ik*  investigated,  and  while  in  general  compression  they 
may  tell  nothing,  yet  they  may  give  some  indication  in  the  early  stages 
of  a  compressing  growth. 

The  treatment  of  compression  is  naturally  to  take  away,  if  pos- 
sible, that  which  compresses. 

Open  Wound  and  I,aceration  of  the  Brain. — Laceration  of 
the  brain  occurs  under  very  many  circumstances  and  shows  vciy  many 
symptoms,  both  primary  and  secondary.  There  will  always  be  a  cer- 
tain amount  of  shock  as  a  primary  symptom,  and  there  will  be  very 
generally  a  certain  amount  of  infection  which  will  give  rise  to  inflamma- 
tion. The  portion  of  the  brain  which  is  lacerated  is  to  be  considered. 
As  a  rule,  a  wound  of  the  anterior  brain  gives  rise  to  much  less  mor- 
tality than  does  a  wound  of  the  posterior  part  of  the  brain,  while 
laceration  of  the  base  of  the  brain  is  the  most  promptly  fatal  of  all. 
Lacerations  of  the  brain  of  the  most  desperate  nature  have  been 
recovered  from,  while  fatal  symptoms  have  followed  a  very  minor  injury. 
Unless  a  portion  of  the  brain  essential  to  life  suffers  laceration,  it  is 
probable  that  infection  produces  the  fatal  result.  In  the  absence,  there- 
fore, of  infection,  laceration  of  the  brain  may  be  looked  at  not  so  very 
unfavorably.  It  is  practically  impossible  to  cleanse  the  lacerated  sur- 
face of  the  brain,  hence  the  absence  of  infection  is  an  accident  due  to 
the  cleanliness  of  the  vulnerating  instrument. 

The  part  of  the  brain  injured,  whether  in  the  motor  area,  the  area 
of  speech,  etc.,  will  have  to  do  with  the  symptoms  which  present.  A 
shghtly  elevated  temperature  may  be  met  with,  but  not  always,  and  the 
pulse,  simply  from  the  laceration  of  the  brain,  docs  not  .seem  to  be 
changed  markedly.  After  forty-eight  hours,  when  inflammation  due  to 
infection  appears,  there  will  be  seen  the  symptoms  due  to  meningitis; 
the  temperature  will  be  high,  and  indeed  in  some  cases  will  be  found 
to  go  up  after  death.  Occa.sionally,  the  temperature  varies  on  the  two 
sides  of  the  body.  There  may  be  multiple  lesions  within  the  head, 
giving  rise  to  very  confusing  symptoms.  Inequality  of  the  pupils  is 
more  apt  to  be  due  to  the  hemorrhage  and  pressure.  Unconsciousness 
is  more  often  due  to  a  concussion  or  jarring  of  the  brain  than  to  lac- 
eration. The  mental  condition  after  laceration  of  the  brain  will  var>- 
greatly  with  the  region  of  the  injury. 

Traumatic  Meningitis. — Meningitis  is  an  ewdence  of  infection. 
Acute  meningitis  is  an  infection  due  to  injury,  and  means  that  .septic 
material  has  been  carried  to  the  meninges,  and  that  such  cleansing  as 
was  done  by  the  surgeon  was  insufficient  to  remove  the  inoculated 
sepsis.  From  this  as  a  primary  focus  the  disease  may  extend.  Prob- 
ably the  organism  which  gives  rise  to  the  inflammation  has  much  to  do 
— more  than  we  have  hitherto  suspected— with  the  course  of  the 
inflammation,  otherwise  it  is  difficult  to  know  how  meningitis  in  one 
case  is  circumscribed  and  promptly  followed  by  the  recovery  of  the 
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patient,  while  in  another  case  the  patient  rapidly  dies,  with  all  the 
symptoms  of  constitutional  poisoning.  Meningitis  extending  to  the 
base  of  the  brain  is  extremely  fatal,  and  is  to  be  guarded  against  by 
immediate  and  thorough  cleansing  and  by  affording  drainage. 

Secondary  Meningitis. — Secondary  meningitis  by  extension  from 
the  seat  of  trauma  occurs,  indicating  that  during  convalescence  a  failure 
to  keep  the  wound  clean  has  occurred.  Vuins  or  lymphatics  may  carry 
an  infected  clot  to  the  meninges,  or  the  clot  may  be  carried  by  direct 
continuity  of  tissue.  A  meningitis  commencing  from  an  injury  will  be 
most  pronounced  in  the  vicinity  of  that  injur}';  but  when  once  inflam- 
mation has  taken  place,  there  will  be  cloudy  or  purulent  cerebrospinal 
fluid,  with  exudation.  Constitutional  sepsis  is  a  rapid  sequel  of  menin- 
gitis in  most  cases.  It  may  extend  not  only  to  the  base  of  the  brain, 
but  to  the  spinal  canal.  The  ordinary  clinical  symptoms  of  weak  and 
rapid  pulse,  elevated  and  variable  temperature,  delirium,  hyperesthesia 
of  the  surface,  restlessness,  retained  urine,  constipated  bowels,  intense 
headache,  glistening  eyes,  trembling  and  busy  hands,  followed  by  stupor, 
hebetude,  contracted  pupils,  which  often  do  not  react  to  light,  make  up 
a  picture  which  admits  of  little  doubt.  Should  meningitis  be  more 
pronounced  along  the  fissure  of  Rolando,  local  spasms  or  paralyses  are 
to  be  expected.  The  results  of  treatment  arc  not  favorable.  Attention 
to  the  secretions,  rest,  removal  of  all  exciting  causes,  the  application 
of  an  ice-bag  to  the  head,  cool  sponging  if  the  temperature  be  high, 
strychnin  to  support  the  pulse,  will  probably  be  ail  that  is  to  be  done. 
Whether  the  free  opening  of  the  skull  and  an  attempt  to  obtain  drain- 
age is  to  be  followed  by  good  results,  it  is  impossible  to  say;  but  this 
much  is  certain,  that  when  inflammation  occurs  in  a  closed  cavity,  it  is 
always  important  to  have  that  cavity  opened,  so  that  the  products  of 
inflammation  may  find  an  exit  and  tension  be  relieved.  Where  a  fissure- 
fracture  has  travelled  to  the  base  of  the  skull,  basilar  meningitis  is  very 
apt  to  follow,  and,  inasmuch  as  many  important  cranial  nerves  are  given 
ofl^  from  this  part  of  the  brain,  a  disturbance  of  their  function  will  be 
noted.  However,  the  inflammation  is  rarely  limited  to  the  base  of  the 
skull,  but  extends  to  the  upper  part  of  the  spine,  and  so  retraction  of 
the  head  and  interference  with  and  disturbance  of  the  upper  spinal  mus- 
cles are  likely. 

Slnas  thrombosis  is  believed  to  occur  most  often  in  middle  life, 
although  as  our  cxpL-ricnce  increases  it  is  not  at  all  improbable  that 
both  childhood  and  old  age  will  be  found  to  be  subject  to  this  distress- 
ing condition.  It  is  the  result  of  infection,  and  while  occasionally 
following  traumatism,  is  more  often  seen  as  the  result  of  middle-car 
disease.  The  lateral  sinus  is  usually  the  vessel  affected.  For  this 
subject  see  Vol.  11.  Chap.  XXVIIl. 

Brain- abscess. — It  is  proper  to  distinguish  acute  from  chronic 
abscess.  The  acute  form  succeeds  an  injury  and  gives  rise  to  the 
ordinary  symptoms  which  one  would  expect  from  an  abscess.  Evi- 
dences of  sepsis  are  always  present;  high  pulse  and  temperature  exist. 
Abscess  of  the  brain  is,  of  course,  the  result  of  infection,  which  may  be 
carried  by  traumatism,  but  may  reach  its  situation  tlirough  the  blood- 
vessels or  lymphatics,  as  in  other  parts  of  the  body.  Along  the  peri- 
vascular sheaths  infection  may  pass  to  the  place  where  we  find  the 
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abscess.  Perhaps  in  this  latter  case  the  abscess  will  be  in  the  neigh- 
borhood of  the  car— a  frequent  source  of  infection.  The  limiting 
membrane  of  a  cerebral  abscess  is  granulation -tissue.  The  pus  may 
be  thick,  and  may  be  variously  colored,  from  admixture  of  coloring 
matter  of  the  blood,  or  possibly  organisms  (pyocyaneus).  The  pus  is 
inodorous  if  thick ;  if  thin,  it  is  apt  to  be  of  bad  odor.  If  a  vessel 
gives  way.  blood  will  be  poured  into  the  abscess- cavity.  Symptoms 
of  compression  will  scarcely  bear  an  exact  relation  to  the  size  of  the 
abscess.  Chronic  abscess  comes  on  very  insidiously  and  may  not  be 
diagnosticated  at  all.  The  onset  of  symptoms  is  slow  and  progressive, 
the  temperature  usually  subnormal,  while  the  pulse  gives  evidence  of 
compression  more  and  more  marked,  but  this  at  a  late  period,  not  at 
first.  Vomiting,  irregular  pulse,  and  irregular  chills  arc  encountered; 
but  tlie  last-named  symptom  will  be  .seen  attended  by  disturbance  of 
temperature  to  the  extent  of  several  degrees  (Fahrenheit).  When  an 
abscess  makes  its  way  to  a  surface,  external  or  ventricular,  rupture 
and  a  fatal  meningitis  will  ensue.  The  prognosis  is  distinctly  bad, 
whether  acute  or  chronic  abscess  be  present. 

An  acute  absces.s  of  traumatic  origin  will  present  symptoms  of  local 
sepsis,  as  mentioned  above,  sufficient  to  justify  a  decided  opinion  as  to 
its  presence  and  location.  A  chronic  abscess  will  often  tax  to  the 
utmost  a  surgeon's  knowledge  of  cerebral  topography  and  overtax  his 
power  of  localizing  the  disease.  Perhaps  of  all  symptoms,  pain,  more 
or  less  pronounced,  is  the  most  constant,  yet  it  is  referred  sometimes 
not  to  the  seat  of  disea.'ie,  but  to  some  other  portion  of  the  head ;  per- 
cussion will  increa.se  the  pain,  and  the  patient  will  regulate  his  move- 
ments so  as  to  avoid  jar  to  the  head ;  sudden  change  of  attitude — c.  g., 
rising  in  the  morning — may  bring  about  vomiting.  The  symptoms 
mentioned  will  increase  as  the  disease  progresses,  and  hebetude,  disin- 
clination to  make  effort,  and  stupor  will  be  added  ;  yet  evidence  of 
motor  or  sensory  disturbance  of  the  brain  or  interference  with  the 
function  of  cerebral  nerves  is  needed  that  the  locus  of  disease  may  be 
discovered.  It  is  unnecessary  to  repeat  here  what  has  already  been 
said  in  regard  to  cerebral  localization. 

Treatment. — A  brain-abscess  after  localization  is  opened  by  making 
an  incision  of  sufficient  size  through  the  skull,  u.sing  a  trephine  and 
enlarging  the  aperture  with  rongeur  forceps.  The  exposed  dura  is 
observed  for  pulsation,  change  of  color — necrosis — and  then  opened  as 
directed  in  the  section  on  Intracranial  Tumors.  Pial  vessels  can  be 
tied  between  two  ligatures  and  di\'idcd.  after  which  by  a  grooved  director 
the  brain  is  explored  and  the  abscess  opened.  A  pair  of  forceps  passed 
into  the  ab.sce.ss  along  the  groove  of  the  director  will  enlarge  the  track 
for  discharge  of  matter.  The  abscess -cavity  is  to  be  cleansed  by  means 
of  the  curet  and  a  stream  of  sterile  normal  salt  solution,  and  then 
drained — by  tube,  if  deemed  expedient. 

Intracranial  Tomora. — Surgical  localization  and  clean  surgery 
have  rendered  possible  not  only  the  recognition,  but  also  the  removal 
of  tumors  within  the  head,  which  formerly  were  intere.sting  only  up  to 
the  point  of  diagnosis,  for  after  that  relief,  save  by  medical  means,  was 
not  to  be  expected.  Intracranial  tumors  present  for  consideration 
certain  questions :    Whether  the  tumors  are  single  or  multiple,  whether 
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I  they  are  individual  or  expressions  of  a  constitutional  condition,  whether 
they  are  primary  or  secondary,  whether  ihey  arc  local,  circumscribed, 
and  capable  of  removal  in  their  entirety,  or  whether  they  are  diffused 

.among  adjacent  structures  and  incapable  of  being  taken  away,  the 
portion  necessarily  left  continuing  to  grow.  Inasmuch  as  they  are  not 
subject  to  sight  and  touch,  stress  must  not  be  laid  on  their  characteristics. 
Age. — Starr's  Tables,  although  published  some  time  ago  (in  1893), 
do  not  differ  materially  from  our  knowledge  of  the  present  day.  Thus 
he  gives : 

Tubercalous  cases  in  childhood,  15a  lo    41  in  adulls. 


I 


I 

I 
I 


Gliomatous  tumors            " 

37  ■' 

54 

Sarcoramous    ■'                " 

34  ■' 

S6 

Gliosarcomall^u4               ' ' 

5  " 

15 

Cyslic                                " 

30  •■ 

z 

Carcinomaloua                    '* 

to  '■ 

33 

Gummaloiu                      " 

J  " 

20 

Not  stated                            " 

30" 

41 

Out  or  a  total  of  6ao       " 

JOO" 

300 

In  this  table  the  preponderance  of  tuberculous  tumors  in  childhood 
is  apparent.  Sarcoma  and  gliosarcoma  show  a  preponderance  for  the 
adult.  The  carcinoma,  as  would  be  expected,  is  more  common  in  the 
adult,  and  the  cyst  largely  among  children,  the  proportion  being  very 
great — 30  as  compared  with  3.  Equally  the  gumma  is  largely  in  excess 
in  the  adult.  A  large  number  of  cases  of  syphilitic  disease  of  the 
brain  from  an  infection  many  years  previous  improve  under  treatment 
and  recover;  hence,  it  is  improbable  that  gumma  of  the  brain  is  more 
common  than  the  tables  show. 

Gliomtt  and  sarcoma  are  probably  not  to  be  differentiated  the  one 
from  the  other,  and  they  should  be  considered  together  in  their  'symp- 
toms and  treatment.  They  are  usually  primary  in  the  brain.  As  a 
secondary'  growth  of  the  vault  of  the  cranium  growing  inward,  I  have 
met  with  sarcoma  several  times,  but  secondary  to  a  primary  eye-growth 
sarcoma  is  not  very  infrequent.  Glioma  and  gliosarcoma  may  grow 
from  either  white  or  gray  matter,  and  are  more  often  difTu.se  than  cir- 
cumscribed :  and  when  I  say  diffuse  I  do  not  mean  infiltrated,  for  this 
they  undoubtedly  may  be.  but  I  mean  not  definitely  surrounded  by  a 
connective-tissue  capsule.  Probably  glioma  is  softer,  more  vascular, 
and  of  more  rapid  growth  than  sarcoma,  as  a  general  rule;  but  in 
special  cases  the  reverse  may  hold.  Involvement  of  the  brain  may 
take  place  as  a  direct  extension  from  the  eye  b.ick  from  within  the 
orbit,  the  primary  growth  being  in  ner\'e-tissue.  Sarcoma  of  the  bones 
of  the  skull  projecting  inward  may  occur,  but  such  cases  are  never  so 
difficult  of  diagnosis  as  when  the  tumor  starts  within  the  brain-sub- 
stance, and  this  is  so  for  two  reasons — first,  because  the  growth  m.iy 
make  its  appearance  outside  the  bones  of  the  skull  and  so  be  recog- 
nized ;  and  secondly,  because,  by  growing  inward,  the  cortex  is  pressed 
upon  and  definite  symptoms  produced,  which  will  certainly  be  the  case 
if  the  motor  area  be  involved.  Of  the  cause  of  sarcoma  we  know 
nothing.  Injury-  to  the  head,  as  in  other  parts  of  the  skeleton,  might 
give  rise  to  malignant  growth  ;  but  in  jii.st  what  way  traumatism  should 
be  applied  so  as  to  injure  the  inside  of  the  head  seems  to  be  somewhat 
indefinite. 
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Primary  carcinoma  of  the  brain  is  rare.  It  may  arrive  by  direct 
extension  from  an  epithelial  surface,  as  when  an  epithelioma  of  the 
scalp  perforates  the  skull,  or  it  may  apix:ar  in  metastatic  form.  In  the 
latter  case  the  foci  may  be  multiple.  As  usual  with  carcinoma,  it  is 
more  apt  to  be  met  with  in  the  latter  half  of  life. 

Cysts  occur  with  complicating  malignant  growths,  as  the  result  of 
irritation  from  depressed  bone,  or  as  a  changed  condition  of  an  intra- 
cranial clot.  Cysts  may  be  due  to  parasites,  as  hydatid,  but  will  be 
very  rarely  encountered  in  this  countrj';  ihey  are  of  slow  growth  and 
give  rise  to  no  symptoms  by  which  they  can  be  distinctly  differentiated. 

Tubercle  has  already  been  spoken  of  as  occurring  in  childhood  more 
often  than  in  adult  life,  and  it  is  a  question  which  presents  itself  whether 
the  growth  be  single  or  multiple.  Unquestionably,  in  many  cases  a 
tubercular  nodule  is  not  single.  A  primary  nodule  of  tubercle  must 
be  very  rare  in  the  brain ;  it  may  be  secondary  to  a  growth  existing 
in  the  body,  yet  entirely  unknown  to  the  patient  and  incapable  of  being 
reached  by  the  surgeon.  It  is  scarcely  necessary  to  say  that  where 
the  presence  of  such  a  growth  is  in  question,  the  personal  and  family 
history  is  to  be  carefully  reviewed,  and  the  patient  examined  completely 
in  hopes  of  gaining  a  clew  in  regard  to  that  very  important  point — the 
expediency  of  an  operation.  The  prognosis  will  be  unfavorable  unless 
the  probability  of  multiple  growths  can  be  eliminated,  and  even  then 
the  uncertainty  attending  the  diagnosis  must  be  ever  present,  and  the 
prognosis  correspondingly  guarded. 

Gumma. — Here  local  evidence  of  previous  infection  is  to  be  sought 
for  by  an  examination  of  the  patient  stripped.  Previous  history  is  to  be 
investigated.  It  is  always  proper,  so  uncertain  is  the  diagnosis  of  intra- 
cranial tumors,  where  an  intracranial  tumor  appears  likely,  to  institute 
antisyphilitic  treatment,  which  should  be  pushed  rapidly  until  it  becomes 
apparent  that  no  favorable  result  is  to  be  expected  from  a  continuance 
of  such  treatment.  It  does  not  seem  reasonable  that  the  diagnosis  of 
gumma  is  to  be  accepted  because  of  temporary  improvement,  for  mer- 
cury may  act  as  a  good  general  tonic.  Temporary  improvement  has 
followed  the  institution  of  antisyphilitic  treatment  in  a  patient  suffering 
from  sarcoma  of  one  of  the  long  bones.  Hence  a  diagnosis  of  intra- 
cranial gumma  cannot  be  made  unless  the  patient  is  not  only  tempo- 
rarily but  decidedly  and  permanently  improved. 

The  Situation  of  Intracranial  Tumors. — They  occur  in  the  cere- 
bellum during  childhood  probably  twice  as  often  as  in  the  adult;  on 
the  other  hand,  the  cortex  in  the  adult  is  the  seat  of  tumor  three  times 
to  once  in  the  child.  A  tumor  which  commences  in  the  base  of  the 
brain — the  basal  ganglia — in  the  internal  capsule,  can.  with  difficulty,  if 
at  all,  be  reached;  indeed,  tumors  situated  here  are  usually  considered 
to  be  out  of  the  field  of  operation.  On  the  other  hand,  the  convexity 
and  sides  of  the  brain  are  open  to  operative  measures,  with  the  pros- 
pect of  affording  relief  It  is  probable  that  6  per  cent,  of  brain-tumors 
are  removable.  Fibroid  of  the  dura  and  an  exostosis  from  the  cranial 
bones  are  distinctly  simple  tumors  producing  local  symptoms,  and  can 
be  subjected  to  operation  with  every  prospect  of  recovery;  but  with 
the  other  tumors  mentioned  the  prognosis  is  always  grave.  The  geo- 
grapliical  diagnosis  will  rest  entirely  upon  the  localization  in  different 
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portions  of  the  brain  of  certain  functions — as  has  already  been  stated — 
in  addition  to  which  the  interference  with  tlie  function  of  cranial  nerves 
must  be  taken  into  consideration.  With  a  tumor  in  the  frontal  region 
certain  mental  and  character  changes  are  to  be  expected.  The  patient 
will  experience  less  self-control,  become  more  irritable  than  usual,  and  his 
moral  nature  will  be  impaired.  Blindness  from  pressure  is  one  of  the 
later  symptoms,  and  may  be  expected  ;  optic  neuritis  is  frequent,  begin- 
ning on  the  side  where  the  growth  exists,  but  later  involving  both  eyes ; 
vomiting  and  convulsions  occur.  Protrusion  of  the  eye  may  occur,  and 
this  without  direct  pressure  on  the  roof  of  the  orbit;  probably  this  has 
to  do  with  interference  with  the  return  circulation  behind  the  orbit;  I 
have  noticed  it  more  than  once.  Occasionally  there  will  be  local  con- 
gestion of  the  subconjunctival  vessels  or  eyelids.  In  the  parietal  region. 
in  the  neighborhood  of  the  fissure  of  Rolando,  there  wilt  be  inter- 
ference with  the  motor  tract,  and  a  tumor  commencing  here  will  give 
more  marked  symptoms  than  anywhere  else.  Aphasic  symptoms  vary 
with  the  fact  as  to  whether  the  patient  is  right-  or  left-handed,  the  cen- 
ter for  language  being  in  Kroca's  convolution  ;  while  in  the  temporal 
lobe  auditory  aphasia  may  be  produced.  In  making  a  diagnosis  certain 
conditions,  characteristics,  and  growth  of  intracranial  tumors  deserve 
notice.  The  advent  of  symptoms  is  very  gradual,  and  according  as 
certain  areas  become  involved,  so  does  the  patient  develop  new  symp- 
toms, which  may  be  in  the  form  of  general  convulsions  or  local  spasms, 
paralysis,  awkward  motion,  or  interference  with  known  nerve-function; 
the  different  functions  of  which  the  patient  in  health  is  capable  must  be 
investigated  in  order  to  recognize  any  departure  from  the  normal,  A 
careful  study  being  given,  the  surgeon  will  still  be  in  doubt  in  no  incon- 
siderable number  of  cases.  Local  tenderness  on  percussion  over  the 
tumor  may  be  present ;  the  percussion  note  may  vary  on  the  two  sides 
of  the  head.  Attention  has  been  drawn  to  what  has  been  called  the 
cracked-pot  sound  on  percussion,  which  is  believed  to  be  due  to  loosen- 
ing of  the  sutures ;  I  am  not  sure,  however,  that  any  very  decided  opin- 
ion can  be  drawn  from  it. 

Spasms  are  met  with  in  lesions  commencing  in  the  cortex — Jack- 
sonian  epilepsy — and  in  the  later  stages  of  other  growths  by  pressure 
involving  the  cortex.  A  gradual  extension  of  motor  symptoms,  accord- 
ing to  the  known  order  of  centers  about  the  Rolandic  fissure,  is  diag- 
nostic. As  pressure-symptoms  increa.se.  so  mental  effort  becomes  dis- 
tasteful to  the  patient,  and  hebetude,  dulness  of  thought,  and  a  change 
in  the  mental  characteristics  appear.  The  mind  becomes  more  and 
more  clouded,  and  the  patient  exhibits  disinclination  toward  mental 
activity;  a  slow  and  full  pulse  is  to  be  expected.  Sight  and  hearing, 
taste  and  smell,  and  interference  with  speech  are  to  be  investigated,  and 
attention  paid  to  the  parts  of  the  brain  presiding  over  these  special 
senses.  Persistent  headache  in  one  locality  will  suggest  the  situation 
of  a  tumor.  Unconsciousness  or  vomiting  without  reason  is  rarely 
seen  without  marked  p  res  sure- symptoms ;  intracranial  nocturnal  jiain 
is  suggestive  of  a  syphilitic  lesion.  Dizziness  may  be  complained  of  in 
stooping,  or  when  the  head  i.s  in  a  more  or  less  recumbent  position, 
suggesting  undue  vascularity  of  the  growth  or  surrounding  area,  which 
becomes  congested  when  the  head  is  held  downward.     Defective  articu- 
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lation  suggests  involvement  of  the  motor  nerve  of  the  tongue;  numb- 
UL-ss  may  also  exi^st;  knee-jerk  and  ankle-clonus  are  to  be  investigated. 

Cerebellar  tumors  are  often  accompanied  by  headache;  vomiting 
and  vertigo  are  met  with  in  a  certain  number  of  cases;  and  while 
general  convulsions  may  occur  from  tumors  anywhere  in  the  head,  in 
the  cerebellum  they  are  perhaps  more  often  met  with ;  nystagmus 
occurs.  A  staggering  gait  is  marked,  the  patient  staggering  usually  to 
one  side,  and  generally  from  the  side  upon  which  the  tumor  exists,  yet 
not  always.  Where  the  patient  exhibits  a  tendency  to  fall  directly 
backward,  the  middle  portion  of  the  cerebellum  is  apt  to  be  pressed 
upon.  Hemianopsia  may  be  present  when  a  cerebellar  tumor  exists. 
Retraction  of  the  head  may  occur;  external  strabismus  suggests  a 
pressure  on  the  sixth  nerve  and  an  affection  of  the  eye  on  the  same 
side  as  the  tumnr.     Optic  neuritis  exists  generally. 

Expediency  of  Operation. — When  the  question  of  operating  upon 
an  intracranial  tumor  presents  itself,  the  operator  mu.st  ask  himself  sev- 
eral questions.  First,  Is  there  a  tumor  at  all?  second.  Where  is  it? 
Is  it  in  a  part  of  the  brain  accessible  to  surgery?  Is  the  tumor 
single  or  multiple?  Is  it  a  local  tumor,  or  is  it  but  the  expression  of 
a  constitutional  vice,  the  removal  of  which  will  not  cure  the  disease? 
Is  it  metastatic,  the  original  focus  being  elsewhere?  Is  it  a  malignant 
tumor,  which  involves  more  brain  than  can  possibly  be  removed,  so 
that  a  portion  of  the  tumor  will  be  left  after  the  operation  to  grow 
again?  All  of  these  questions  .should  be  answered  with  fair  accuracy 
before  an  operation  is  undertaken.  It  goes  without  saying  that  multiple 
growths  and  metastatic  growths  should  be  let  alone.  Tumors  incapable 
of  being  removed  should  be  let  alone.  A  tuberculous  tumor,  if  recog- 
nized, should  be  taken  away.  It  may  be  that  there  is  no  other  focus 
except  the  one  operated  upon — at  all  events,  the  patient  should  have 
the  benefit  of  the  doubt. 

Gummatous  Tumor  of  the  Brain. — Whether  or  not  such  a  tumor 
should  be  operated  upon  is  a  difficult  question,  because  of  the  diagnosis. 
If  antisyphilitic  treatment  in  large  doses  continued  for  some  time  does 
not  cause  absorption,  operation  should  be  attempted ;  but  from  the  fact 
that  treatment  was  not  efficacious  in  removing  the  growth,  the  operator 
would  probably  be  of  the  opinion  that  the  tumor  was  not  syphilitic. 
In  general  it  may  be  said  that  Avith  present  methods  of  opening  the 
head  the  removal  of  a  tumor  is  not  such  a  very  dangerous  thing;  and 
inasmuch  as  the  outlook  without  an  operation  is  bound  to  be  fatal, 
much  risk  may  be  taken  by  the  operator  in  the  hope  of  doing  good; 
so  where  the  diagnosis  is  reasonably  clear,  an  operation  should  be 
undertaken. 

Technic  of  Operating. — Very  few  operators  are  so  thoroughly  fa- 
miliar with  the  skull  and  the  brain  that  they  can  di.spense  with  a  sawed 
skull  and  a  cast  of  the  brain  for  reference  during  an  operation.  The 
convolutions  of  the  brain  vary  in  different  people.  A  portion  only  of 
the  brain  is  exposed  to  view  during  operation,  and  it  is  not  always  pos- 
sible to  recognize  that  which  is  in  view.  By  means  of  a  battery  and 
proper  electrodes  it  is  possible  to  stimulate  the  motor  areas  and  produce* 
definite  movements,  so  that  the  exposed  convolutions  can  be  recognized. 
The  entire  head  is  to  be  shaved,  and  any  evidence  of  previous  injury 
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or  disease  carefully  noted.  The  usual  aseptic  precautions  having  been 
taken,  an  anesthetic  is  administered  and  the  operation  is  begun.  It  is 
a  good  plan  in  intracranial  operations  to  use  chloroform  as  an  anesthetic, 
for  congestion  of  the  brain  and  meninges  is  thereby  lessened.  The  two 
extremities  of  the  fissure  of  Rolando  are  to  be  located,  and  with  the 
burr  passed  through  a  small  incision  in  the  scalp  the  skull  is  marked, 
so  as  to  show  the  course  of  the  fissure  after  the  scalp  has  been  re- 
flected. This,  of  course,  is  done  only  where  it  is  necessary  to  reflect 
the  skin.  A  large  flap,  consisting  of  scalp  and  bone — o.stcocuEaneous 
— is  to  be  turned  down,  so  as  to  expose  the  brain  where  desired.  The 
base  of  this  flap  is  directed  toward  its  blood-supply — the  temporal  or 
occipital  artery,  as  the  case  may  be — thus  assuring  its  vitality.  A  small 
flap  is  embarrassing  from  failure  to  expose  the  brain  sufficiently,  and  a 
large  flap  is  no  more  dangerous  than  a  small  one;  so  the  flap  is  cut 
with  a  knife  down  to  the  bone,  the  bone  cut  and  forcibly  pressed  out- 
ward, so  as  to  give  way  at  its  base.  The  hemorrhage  is  to  be  arrested 
by  hemostats  or  ligatures  passed  with  a  curved  needle  under  the  skin. 
I  h-ivc  not  been  able,  by  encircling  the  head  with  an  elastic  band,  to 
arrest  bleeding  as  I  desired.  In  the  line  of  incision,  then,  the  bone  is 
to  be  cut,  and  hero  the  operator  exercises  his  own  fancy.  I  prefer  the 
chisel,  others  prefer  to  trephine  and  cut  through  the  bone  with  proper 
forceps  or  the  electric  saw.  The  chisel  gives  good  satisfaction.  Several 
chisels  of  diflerent  shapes  will  be  needed.  The  bone  having  been  cut 
through,  its  base  may  be  cut  somewhat  across  to  facilitate  breaking, 
then  the  whole  flap  turned  down.  Bleeding  from  the  bone  is  sometimes 
excessive  and  inconvenient.  It  usually  stops  with  a  little  pressure;  if 
not,  the  edge  of  the  bone  at  the  bleeding  point  may  be  crushed  in  with 
heavy  forceps,  or  Horslcy's  putty  can  be  rubbed  into  the  cut  edges. 
The  surface  of  the  dura  is  examined,  and  it  is  cut  \  inch  from  the  di- 
vided bone  and  a  flap  turned  toward  its  vascular  base.  Any  bleeding 
points  are  tied  \vith  fine  silk.  If  the  tumor  present,  it  can  be  removed ; 
if  it  should  not  present,  then  it  may  be  wise  to  enlai^c  the  opening  in 
the  skull  with  rongeur  forceps,  so  as  to  expose  more  brain  ;  or  it  may 
be  that  the  tumor  is  covered  by  the  brain,  so  that  the  brain  will  have 
to  be  opened.  Paljiation  will  enable  one  to  recognize  the  consistency 
of  the  brain,  and  also  probably  whether  there  is  a  tumor  under  the 
cortex.  It  is  better  to  make  a  cut  into  the  brain-substance  than  to 
puncture  it ;  the  latter  procedure  is  misleading,  for,  if  a  soft  tumor 
is  present,  it  may  be  of  the  same  consistency  as  the  brain,  so  that 
puncture  will  reveal  nothing.  It  is  well.  then,  to  incise  the  cerebral 
substance  and  investigate  with  the  fingers.  To  avoid  bleeding  from 
the  pia,  curved  needles  carrying  fine  silk  or  catgut  are  to  be  passed 
under  the  vessels  and  tied.  This  can  be  done  with  advantage  before 
an  attempt  is  made  to  remove  the  tumor,  in  order  to  prevent  hemor- 
rhage. The  con.sistency  of  the  tumor  will  determine  the  method  of  its 
removal;  the  handle  of  a  knife,  or  the  finger,  the  handle  of  a  spoon, 
etc.,  may  be  used.  Hemorrhage  from  the  site  of  the  tumor,  if  excessive, 
is  to  be  arrested  by  ligature  or  gaune  pressure.  The  wound  is  closed 
by  putting  the  dura  back  in  position  and  stitching  it,  and  by  bringing  up 
the  osteocutaneous  flap  and  suturing  it  in  po.sition.  The  bones  may  be 
united  by  suture,  or  it  may  be  that  suturing  the  scalp  in  place  will  hold 


8oS 


INTERNATIONAL    TEXT-BOOK  OF  SURGERY. 


the  bone;  this  can  be  decided  at  the  time  of  operation.  I  think  it  wise 
that  in  most  cases  a  piece  of  gauze  should  be  left,  so  as  to  drain  any 
blood  which  would  otherwise  accumulate  in  the  bed  of  the  tumor,  and 
the  base  of  the  flap-bone  can  be  cut  away,  so  as  to  give  exit  to  the 
drain.  The  dura  is  stitched  with  fine  silk,  and  the  scalp  with  silkworm- 
giit,  but  the  suture-material  is  a  matter  of  no  importance.  At  the  end 
of  forty-eight  hours  1  remove  the  drain.  A  voluminous  dressing  com- 
pletes the  operation,  and  this  dressing  may  require  removal  if  the  flow 
of  cerebrospinal  fluid  be  very  great.  After  one  intracranial  operation 
the  flow  of  cerebrospinal  fluid  was  so  great  as  to  wet  through  three 
folded  sheets  in  the  first  twenty  iiours. 

Protrusions  from  Within  the  Skull. — Protrusion  of  the  mem- 
branes from  within  the  skull  is  always  congenital,  and  is  called  meningo- 
celt;  It  is  congenital,  and  more  often  seen  in  the  occipital  region  or 
in  the  neighborhood  of  the  orbit.  It  is  more  or  less  extensive,  and 
is  to  be  considered  as  essentially  of  the  same  nature  as  spina  bifida. 
Meningocele  will  present  in  a  line  of  normal  suture  or  where  there  is  a 
bone-defect.  If  the  protruding  membrane  contain  cerebral  tissue  only, 
the  tumor  is  a  uifuingo-aicfphaloefle.  It  is  not  always  necessary  that 
such  a  tumor  should  be  seen  upon  the  surface  of  the  skull;  it  may 
protrude  through  the  base,  and  is  found  in  the  nasopharyngeal  cavity. 
The  tumor  will  be  elastic,  will  fluctuate,  and  it  may  be  that  the  examin- 
ing hand  will  recognize  fluid  as  well  as  solid  contents.  They  are 
generally  partly — in  some  rare  cases  perhaps  entirely — reducible  within 
the  skull  by  pressure ;  but  symptoms  indicating  brain-pressure  are  pro- 
duced when  such  a  tumor  has  been  made  to  disappear  entirely  within 
the  head.  Again,  such  actions  as  coughing,  sneezing,  crying,  which 
tend  to  produce  congestion  within  the  head,  will  always  produce 
increased  tension  in  the  protruding  tumor.  During  sleep  a  partial  sub- 
sidence of  the  tumor  is  noted,  as  well  as  a  diminished  tension.  Prog- 
nosis is  not  favorable,  few  such  children  living  beyond  a  ver>'  short  time. 

Treatment. — Little  that  is  favorable  can  be  said.  Inasmuch  as  spina 
bifida  has  been  operated  on  of  late  years  by  excising  the  sac,  or  at  all 
events  much  of  it,  and  stitching  the  base  of  the  tumor,  a  similar  opera- 
tion may  be  tried  with  a  tumor  of  the  kind  under  consideration.  If  no 
brain-substance  be  in  the  sac.  a  more  favorable  prognosis  can  be  made ; 
but  it  is  possible  that  the  tumor  can  be  reduced  and  the  sac  tied  off  or 
stitched  ofi"  at  the  opening  of  the  skull,  and  then  the  aperture  in  the 
skull  closed  either  by  stitching  the  soft  parts  over  it  or  by  making  a 
covering  of  the  outer  table  of  the  skull  with  its  periosteum.  Pressure 
by  means  of  pads,  bandages,  etc.  does  not  seem  to  have  been  beneficial 
or  to  have  induced  a  cure  of  such  growths, 

Hydrocephalus.^A  term  applied  to  cases  in  which  fluid  collects 
in  the  ventricles,  distending  the  brain  and  head  {hydrocephalus  inter- 
nus).  The  condition  is  essentially  chronic,  may  be  congenital,  and  gen- 
erally occurs  during  childhood.  Influenced  by  the  collection  of  fluid 
in  the  ventricles,  the  brain  expands  and  sulci  are  obliterated.  With 
this  progressive  increase  in  bulk  of  the  brain  the  cranium  spreads, 
enlarges,  sutures  are  separated,  fontanels  elevated,  and  the  appearance 
with  which  one  is  familiar  is  established.  The  prognosis  is  distinctly 
grave.     In  the  early  stages  of  hydrocephalus  the  diagnosis  is  difficult. 
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not  impossible.     When  the  skull  is  enlarged  and  takes  its  character- 
istic shape,  diagnosis  is  easy. 

Treatment. — For  medical  treatment  the  reader  is  referred  to  medical 
treatises.  Suffice  it  to  say  that  the  only  operative  treatment  tiiat  offers 
possible  advantage  is  aspiration,  or  perhaps  drainage.  The  operation 
of  tapping  is  done  through  the  anterior  fontanel,  or  through  the  line 
of  a  suture  between  the  bones,  if  it  should  be  thought  best.  Strict 
attention  to  a.sepsis  is  absolutely  required.  Drainage  from  the  ventricle 
has  been  tried  by  a  number  of  surgeons,  but  it  is  not  an  operation  that 
can  be  generally  done  with  advantage  or  can  be  confidently  recom- 
mended. Withdrawal  of  fluid  from  the  spina!  canal,  and  therefore 
from  the  cerebral  ventricles,  can  be  ea.sily  done  by  puncture  with  a 
fine  trocar  passed  between  the  lamina;  in  the  lumbar  region.  As  a 
diagnostic  measure  it  offers  opportunity  to  investigate  the  cerebro- 
spinal fluid  and  the  organisms  therein,  but  scarcely  seems  to  be  a  ther- 
apeutic measure  by  which  excessive  secretion  of  this  fluid  shall  be 
prevented.  It  is,  however,  a  method  by  which  direct  application  of 
drugs  can  be  made  to  the  central  nervous  system. 

Aneurysm  within  the  Head. — Diagnosis  of  aneurysm  within 
the  head  is  extremely  difficult,  and  it  is  doubtful  if  certain  knowledge 
of  its  existence  can  always  be  obtained.  The  symptom  which  is  most 
relied  upon  is  the  aneurysmal  bruit;  and  if  the  aneurysm  is  in  the 
neighborhood  of  the  eye,  protrusion  from  the  orbit  may  occur.  The 
presence  of  a  growth,  bony  or  othenvise.  which  diminishes  the  caliber 
of  the  artery  within  the  head  will  give  rise,  however,  to  a  similar  bruit 
to  that  upon  which  the  diagnosis  of  aneurj'sm  largely  rests.  Pressure 
upon  the  parent  vessel  without  the  head  will  cause  the  bruit  to  cease, 
but  this  will  be  the  case  whether  the  vessel  is  dilated  or  whether  an 
exostosis  exist.  The  patient  is  conscious  of  the  sound,  which  is 
extremely  disagreeable.  If  in  the  neighborhood  of  the  cavernous 
sinus,  the  blood-current  through  the  veins  will  be  interfered  with,  but 
this  is  as  true  of  an  exostosis  as  of  an  aneur^'sm.  A  malignant  growth 
pressing  on  the  vessel  would  give  rise  to  a  bruit,  but  here  the  increase 
of  symptoms  would  take  place  more  rapidly  than  if  an  aneurysm  were 
present.  The  only  treatment  that  offers  prosj>ect  of  recovery  is  to 
tie  the  parent  vessel — usually  the  internal  carotid — and  this  it  will  be 
proper  to  do  on  the  affected  side,  if  the  symptoms  become  unbearable. 


TREPHINING. 

Trephining  for  Imbecility. — If  imbecility  were  always  the 
result  of  a  known  condition  of  affairs  in  the  brain,  there  would  not  be 
much  difficulty  in  arriving  at  a  conclusion  as  to  whether  trephining  is 
beneficial  or  not ;  but  in  view  of  the  multiform  causes,  both  congenital 
and  acquired,  of  defective  intellect,  the  ex]>cdiency  of  trephining  is 
most  uncertain.  Probably  the  most  sensible  way  to  look  at  it  is  to 
consider  that  imbecility  is  a  symptom,  and  then  to  discuss  the  question 
as  to  whether  trephining  will  relieve  it  by  removing  the  cause.  It  is 
perfectly  plain  that  when  an  undeveloped  brain  is  present,  trephining 
will  be  u.seless.  When  there  is  arrested  development,  no  good  is  to  be 
expected.     When  intracranial  tumors  or  clots  exist,  it  is  possible  that 
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some  benefit  may  result;  but  the  cases  which  are  to  be  benefited  are 
those  in  which  there  is  some  definite  lesion  which  a  surgical  operation 
can  be  expected  to  remove.  If  the  imbecility  be  due  to  such  a  cause, 
in  removing  the  cause  the  trephining'  will  benefit  the  condition  of  imbe- 
cility ;  but  without  this,  one  can  scarcely  expect  any  good  to  follow  an 
operation.  When  the  changes  are  in  the  brain-tissue,  as  from  an  excess 
of  connective  tissue  (porencephalus),  good  is  not  to  be  expected.  Of 
late  years  and  in  a  large  number  of  cases  the  scalp  has  been  reflected 
and  the  head  has  been  opened  very  extensively,  for  the  purpose  of 
permitting  an  increase  of  growtli  and  development  of  the  brain.  These 
are  supposed  to  be  cases  in  which  the  brain  is  unduly  small.  A  favor- 
able result  has  been  reported  a  number  of  times  shortly  after  opera- 
tion, as  though  the  operation  had  acted  as  a  stimulant  to  the  develop- 
ment of  the  brain.  Probably  it  would  be  just  as  well  if  wc  Icnew  the 
result  after  a  year  or  two,  then  we  might  form  an  idea  as  to  whether 
improvement  reported  immediately  after  operation  had  continued, 
and  whether  the  improvement  was  not  temporary,  or  whether  a 
relapse  to  the  original  mental  condition  did  not  take  place.  The  dura 
in  such  cases  has  never  been  opened  In  an  extent  equalling  the 
cranial  cut,  and  the  amount  of  enlargement  which  was  given  to  the 
intracranial  space  was  probably  not  very  great.  At  all  events,  before 
we  decide  as  to  the  expediency  of  such  an  operation,  some  light  on  the 
subject  is  wanted. 

Trephining  for  Epilepsy. — Trephining  for  epilepsy  is  one  of  the 
early  operations  of  which  wc  have  record,  but.  having  been  often  unsuc- 
cessful because  performed  in  cases  not  suited  for  it,  it  was  done  more  and 
more  rarely.  At  tlie  present  time  it  is  employed  in  certain  cases  only, 
and  yet  still,  unfortunately,  it  yields  only  moderate  success.  The  cases 
in  which  trephining  produces  a  cure  are  those  to  which  attention  was 
called  by  Hughlings  Jackson — namely,  those  in  which  the  epilepsy  is 
the  result  of  a  definite  cortical  lesion,  and  the  epileptiform  convulsions 
become  general  only  after  having  given  indications  of  local  origin. 
Thus  there  will  be  an  indication,  sensory  perhaps,  but  more  likely 
motor,  of  some  special  region,  which  the  patient  will  appreciate;  after 
which  there  will  follow  indications  of  motor  disturbance  in  the  cortex 
of  the  brain  adjacent  to  that  in  which  the  trouble  has  commenced, 
and  then  by  extension  the  convulsions  become  general.  Thus 
there  may  be  disturbance  of  a  finger  or  the  thumb,  and  then  of  the 
hand,  wrist,  forearm,  arm,  etc.,  the  convulsion  always  commencing  in 
the  thumb,  and  spreading  thence.  In  such  a  case  it  would  be  proper 
to  open  the  skull  over  the  thumb-center,  which  might  be  found  dis- 
eased, either  from  adhesions  of  old  inflammation  or  from  a  cyst,  or 
a  tumor,  or  a  growth  of  some  kind.  It  would  then  be  proper  to 
remove  the  adhesion  or  the  growth,  or  even,  in  the  absence  of  any 
gross  lesion,  to  excise  the  center  presiding  over  the  portion  of  the  body 
first  affected,  in  the  expectation  of  removing  the  .source  of  trouble.  In 
traumatic  cases  a  depression  of  bone,  or  a  loose  spicule  of  bone,  or 
adhesion  between  the  skull  and  the  brain — cicatricial  tissue — would  be 
a  cause  for  operation.  It  might  happen  after  an  injury  that  the  portion 
of  bone  plainly  depressed  did  not  correspond  with  the  center  from 
which  the  convulsion  .started.     In  such  a  case  one  might  expect  to  find 
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a  fragment  of  the  inner  table  pressing  on  the  brain,  or  a  blood-clot 
which  had  degenerated  and  become  cystic,  or  adhesion,  or  what  not; 
and  the  surgeon  should  always  be  guided  in  his  operation  by  the  study 
of  cerebral  localization  and  not  of  a  gross  depression  of  the  skull, 
which  he  would  easily  recognize.  It  is  perfectly  possible  for  a  depres- 
sion in  the  skull  to  remain  without  trouble  through  life.  The  indication 
for  an  operation  is  to  be  sought  for,  when  possible,  by  localizing  the 
offending  cause  in  some  known  cortical  area.  Operations  for  the  cure 
of  epilepsy,  when  of  the  Jacksonian  type,  arc  to  be  looked  upon  favor- 
ably unless  the  epileptic  habit,  from  long  continuance,  has  become 
established.  In  that  case  the  prognosis  is  much  more  unfavorable. 
Shortly  after  the  beginning  of  the  trouble,  however,  trephining  may 
be  expected  to  have  a  good  result.  Where  the  lesion  cannot  be 
definitely  located,  where,  in  other  words,  the  cause  cannot  be  known, 
trephining  for  epilepsy  has  properly  fallen  into  disuse.  A  careful  study 
of  that  which  has  gone  before  in  regard  to  locating  lesions  in  the  brain 
is  to  be  considered,  and  the  operation  decided  on  or  not,  as  the  case  may 
indicate.  After  a  general  convulsion  local  paralysis  may  remain ;  this 
is  believed  to  be  due  to  the  exhaustion  of  some  motor  center  in  the 
cortex,  and  will  probably  correspond  to  that  part  of  the  body  tn  which 
the  convulsion  began.  If  so,  it  will  be  an  additional  aid  in  locating 
the  lesion.  This  will  be  true  if  the  centers  presiding  over  the  special 
senses — sigiit,  hearing,  and  speech — are  involved. 
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SURGERY   OF   THE   SPINE. 


SPRAIN. 

The  spinal  column  may  be  sprained  by  the  laceration  to  a  greater 

or  less  degree  of  its  ligaments,  the  result  usually  of  extreme  flexion, 
though  violent  twists  and  overextension,  such  as  is  produced  by  fall- 
ing back  over  a  bar,  may  give  rise  to  the  same  form  of  injury.  The 
most  common  situations  for  sprains  are  the  cervical  and  dorsilnm- 
bar  regions.  Probably  in  all  cases  some  tearing  of  neighboring  mus- 
cles and  fascia;  occurs,  leading  to  effusion  of  blood,  which  is  sometimes 
evidenced  by  a  swelling  or  by  discoloration  of  tlie  skin.  This  is  seen 
in  the  case  of  the  rider  who  is  thrown  over  his  horse's  head ;  the 
structures  attached  to  the  seventh  cervical  spine  are  torn  through,  and 
a  hematoma,  often  very  large,  makes  its  appearance.  In  severe  cases 
the  anterior  and  posterior  common  ligaments  may  be  lacerated.  Injury 
to  the  ligaments  which  are  in  close  proximity  to  the  spinal  canal  may 
be  associated  with  rupture  of  veins  and  hemorrhage  into  the  canal. 
Laceration  of  the  supraspinous  ligament  may  be  evident  on  examina- 
tion, but  with  this  exception  we  have  to  rely  for  diagnosis  rather  on 
the  subjective  symptoms  and  the  history  of  the  injury  than  on  any 
obvious  signs. 

The  symptoms  are  local  pain,  with  aggravation  on  movement, 
tenderness,  and  rigidity.  There  may  be  some  obvious  swelling  from 
extravasation  of  blood,  but.  owing  to  the  depth  of  the  parts  sprained, 
this  is  generally  absent.  When  the  injury  is  in  the  lumbar  region, 
there  may  be  inability  to  move  the  legs  or  to  start  the  acts  of  mictu- 
rition and  defecation,  owing  to  the  pain  that  these  actions  cause,  and 
thus  a  lesion  of  the  cord  may  be  simulated.  Sprains  may  be  a.ssociated 
with  hemorrhage  into  the  canal,  or  complicated  by  the  extension  of 
inflammation  to  the  ,'ipinal  contents  t\'hen  the  structures  bordering  the 
canal  are  affected.  Neuralgia  from  involvement  of  the  nerve-roots 
may  give  rise  to  long  per.si.stent  trouble. 

Treatment  by  rest  and  hot  fomentations  is  the  first  essential.  If, 
however,  rest  is  prolonged  unduly,  muscular  and  fascial  stiffness  with 
accompanying  pain  will  result,  as  in  sprains  elsewhere.  It  is  well  to 
avoid  this  in  these  cases  by  the  early  adoption  of  ma.ssage,  since  the 
patient  is  likely  to  attach  an  exaggerated  importance  to  his  spinal  pain. 

DISLOCATION. 

Dislocation  of  the  spine  apart  from  fracture  is  rare,  and  is  practi- 
cally confined  to  the  cervical  .spine,  oceurring  most  frequently  in  the 
lower  half  of  this  region.      It  may  be  either  unilateral  or  bilateral. 


I 


The  dislocation  is  usually  brought  about  by  hyperflexion,  which  causes 
the  inferior  articular  processes  of  the  vcrtehrn  above  to  sHp  forward  and 
upward  on  the  superior  artic- 
ular processes  of  the  vertebra 
below.  This  is  rendered  pos- 
sible by  the  tearing  or  se\m- 
ralion  of  the  intervertebral  disk 
and  laceration  of  the  intervening 
ligaments.  The  displacement 
of  the  upper  part  of  the  spine 
is  almost  invariably  forward 
(Fig.  407).  Unilateral  disloca- 
tion is  sometimes  brought  about 
by  extreme  rotation  of  the  neck 
When  this  occurs,  the  head  will 
be  turned  toward  the  opposite 
side  and  fixed  in  that  position, 
while  an  irregularity  in  the 
spines  and  in  the  transverse 
processes  will  be  obvious. 

Pressure  upon  the  nerves 
issuing  between  the  displaced 
vertebras  gives  rise  to  periph- 
eral pain  and  numbness.  Vary- 
ing degrees  of  paralysis,  both 
of  motion  and  sensation,  up  to 
the  level  of  the  lesion  will  result 
from  compression  of  the  spinal 
cord,  and  will  depend  upon 
the  amount  of  injury  inflicted. 
When  the  dislocation  is  uni- 
lateral,  the    cord    may   escape 

injury  or  the  damage  to  it  be  but  slight  Lesser  degrees  of 
placement,  not  amounting  to  actual  dislocation,  may  occur,  as  in 
one  case  which  came  under  our  notice,  where  laceration  of  liga- 
ments led  to  undue  mobility  in  the  lower  cervical  spine.  Three 
months  after  the  accident,  tingling  in  the  fingers  could  be  produced 
by  forcibly  exaggerating  the  normal  movements  of  this  part. 

The  prognosis  depends  .upon  the  degree  of  damage  to  the  spinal 
cord  either  produced  directly  or  resulting  from  intraspinal  hemorrhage. 

Occipito-atloid  dislocation,  the  result  of  violence,  is  always  fatal, 
but  recoveries  after  dislocation  of  the  atlo-axold  articulation  are  on 
record.  If  after  an  injury  the  face  is  turned  to  one  side  and  the  power 
of  rotation  of  the  head  is  tost,  a  unilateral  dislocation  of  this  Joint 
would  be  suspected.  If  the  transverse  ligament  is  torn,  or  the  odon- 
toid process  broken,  the  case  would  in  all  probability  be  at  once  fatal. 

Dorsal  dislocation,  if  it  ever  occurs,  could  not  be  diagnosed  from  a 
fracture-dislocation  at  the  same  spot. 

Treatment. — To  begin  with,  reduction  of  the  displacement  should 
be  attempted.  This  is  much  more  likely  to  succeed  when  the  dislo- 
cation  is   unilateral   than  when   it  is   bilateral.     It  is  usually  recom- 


Fltl.  4i>7. —  Dislocalion  forwnrd  of  ibe  aixih  cervi- 
cal vcrlcbra  (Guy's  Hospital  Museum ). 
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mended  that  the  reduction  should  be  effected  by  combining  extension 
with  rotation  of  the  head  from  side  to  side.  It  seems  probable,  as 
Walton  points  out,  that  it  is  rather  to  the  manipulation  involved  in  the 
rotation  than  to  the  extension  that  the  success  of  this  procedure  is  to 
be  ascribed.  He  advocates,  therefore,  in  cases  of  unilateral  dislocation. 
the  use  of  retrolateral  flexion — that  is,  bending  of  the  head  obliquely 
backward  and  to  the  side  oppo.site  to  that  of  the  displaced  process,  in 
combination  with  rotation.  He  found  experimentally  that  a  moderate 
amount  of  traction  in  a  direct  line  would  not  raise  the  displaced  artic- 
ular process  in  the  least  degree,  whilst  the  above  manipulation  readily 
unlocked  it. 

In  bilateral  dislocation  he  recommends  that  the  same  method  should 
be  employed  alternately  on  the  two  sides.  Reduction  will,  however, 
often  be  found  impossible.  Taking  into  consideration  the  fact  that 
death  very  speedily  follows  this  displacement,  if  unreduced,  wc  con- 
sider that  the  right  line  of  practice  to  pursue  is  to  cut  down  and  expose 
the  vertebras  from  behind,  dividing  such  structures  as  interfere  with 
reduction,  and,  if  necessary,  removing  the  superior  articular  processes 
of  the  vertebra  below. 


FRACTURE;  FRACTURE-MSLOCATION. 

Fractures  of  the  spinal  column  may  be  conveniently  divided  into 
those  that  involve  the  neural  arch  and  its  processes,  and  those  that, 
passing  through  the  bodies,  interrupt  the  continuity  of  the  spinal  column. 
These  latter  are  usually  associated  with  more  or  less  displacement  of 
the  upper  part  of  the  spine  on  the  lower — a  condition  to  which  the  name 
fracture-dislocation  is  given. 

Practnre  of  the  Nenral  Arch. — A  spinous  process  may  be  fract- 
ured by  direct  violence;  being  superficial,  the  injury  can  be  recognized 
by  the  ordinary-  signs  of  fracture — pain,  mobilitj-,  crepitus,  and  irregu- 
larit>'  in  the  line  of  the  spines. 

One  or  both  lamina  may  be  fractured,  with  more  or  less  displace- 
ment. Though  this  accident  cannot  always  be  recognized  with  cer- 
tainty, a  diagnosis  may  be  effected  by  attention  to  the  following  points : 
A  historj'  of  direct  violence ;  lateral  mobility-  of  a  spinous  process ;  one 
or  more  spines  out  of  the  normal  line  or  depressed  below  the  level  of 
those  above  and  below ;  rarely,  crepitus  on  manipulation ;  and,  in  some 
cases,  sj-mptoms  pointing  to  compression  of  the  cord. 

The  importance  of  diagnosing  correctly  this  form  of  accident,  more 
especially  when  associated  with  pressure  upon  the  cord,  depends  on  the 
&ct  tliat  it  offers  more  opportunities  of  hopeful  surgical  tnterfcrcncc 
than  are  found  in  fracture-dislocation. 

Fractnre-dislocation. — Fractures  of  the  verld>tal  bodies  im-oh*- 
ing  a  complete  separation  of  the  spinal  column  are  usuallj-  attended  b>' 
displacement  of  the  upper  part  of  the  spcne  oo  die  knrer.  Fndine- 
dislocation  is  most  common  in  the  more  flexSile  portioos  of  the  spine — 
i.  e.,  in  the  lower  cer\-ical  and  the  dorsilumbar  rcgioos.  It  results  most 
commonly  from  indirect  ii-iolence.  sucfa  as  is  caused  bj'  &Qs  onto  the 
bead  or  buttocks,  by  a  weight  &lling  upon  the  sboulders,  or  by  atad^ 
ing  the  head  in  passii^  under  an  arch.     Under  such  < 


FRACTURE:   FRACTVREDISLOCATIOff. 

injurj'  is  caused  by  acute  flexion  of  the  spine.  One  or  perhaps  two 
vertebral  bodies  are  irregularly  fractured,  while,  the  arches  being  forci- 
bly separated,  cither  dislocation  of  the  lateral  joints  takes  place,  or  the 
neural  arch  and  its  processes  are  fractured.  The  upper  segment  is 
usually  displaced  forward  and  downward  on  the  lower,  owing  to  the 
line  of  fracture  having  commonly  this  direction.  The  same  injury  may 
result  from  direct  vioience,  such  as  failing  back  over  a  bar.  In  these 
cases  there  occurs  considerable  comminution  of  the  arches,  whilst  from 
the  overextension  produced  the  vertebrs  are  torn  apart,  in  .some  ca.ses 
at  the  junction  of  a  body  with  its  intervertebral  disk.     As  the  result  of 


Fli^-  4ofl..^Fncture  of  iIil-  fim  ]unil>.ir  verit'bra.  nith  displaci'nicnl  forwjiird  of  the  upper  seg- 
ment ol  ihe  iplne  (Guy*i  Hospilal  Mu»unil, 

the  dislocation  forward  of  the  upper  part  of  the  spine  on  the  lower,  the 
cord  is  more  or  less  severely  nipped  or  completely  crushed  from  the 
scissor-like  action  of  the  fragments. 

All  grades  of  severity  are  met  with,  but  the  extent  of  the  injury  has 
to  be  inferred  rather  from  the  history  of  the  accident  and  the  degree  of 
paraplegia  resulting,  than  from  a  local  examination  of  the  spine,  which 
may,  especially  in  muscular  patients,  show  but  little  deformity,  masked, 
too,  as  the  latter  is,  by  subcutaneous  blood-effusion. 

Sjraiptoms. — There  is  generally  severe  local  pain,  and  the  patient 
has  a  marked  dread  of  movement.  He  may  volunteer  the  statement 
that  his  back  is  broken,  and  complain  of  loss  of  feeling  in  the  parts 
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below.  It  might  be  supposed  that  collapse  would  be  marked :  but  this 
is  not  the  rule,  and  the  alertness  of  the  patient  might  suggest  to  the 
inexperienced  that  he  had  suffered  no  very  severe  accident. 

Locally  a  boss  may  sometimes  be  feh,  this  being  due  to  the  promi- 
nence of  the  vertebra  below  the  line  of  fracture,  consequent  on  the  for- 
ward displacement  of  the  upper  segment  of  the  spine ;  or  there  may  be 
a  wide  separation  between  two  spinous  processes,  as  though  one  ver- 
tebra had  been  rent  from  the  other  by  hyperflexion.  A  spinous  process 
may  be  broken  off  at  its  base  or  through  the  neural  arch,  and  occasion- 
ally crepitus  is  felt  as  the  patient  is 
lifted.  Accompanying  the  bone-Injury 
will  be  much  bruising  and  laceration 

■  •(  the  soft  parts,  with  swelling  from 
L-xtravasated  blood,  which  renders  an 
(.■xa  mi  nation  of  the  bones  beneath 
difficult. 

Injury  to  the  spinal  cord  is  the 
most  important  result  of  fracture-dis- 
location {Fig.  409).  and  its  severity  is 
to  be  judged  by  the  extent  and  sever- 
ity of  the  paraplegia.  Usually  this  is 
complete,  the  accident  being  followed 
by  entire  loss  of  movement  and  sen- 
sation in  the  parts  below  the  level  of 
the  lesion.  When  partial,  there  is 
some  hope  that  blood-extravasation 
and  not  bone-displacenieiit  is  the 
cau.se  of  the  paralysis.  The  reflexes 
are  at  first  lost,  and  in  some  cases 
they  remain  permanently  in  abeyance. 
This,  according  to  Bastian,  indicates  a 
complete  transverse  lesion  of  the  cord, 
while    their    return    indicates     partial 

■  lostruction  only,  and  the  retention  of 
-onie  power  of  conductivity.  When 
the  reflexes  reappear,  they  are  com- 
monly exaggerated,  and  are  associated 
with  spastic  rigidity  of  the  muscles. 
If  the  cord  is  severely  crushed,  there 
will  be  complete  loss  both  of  sensa- 
tion and  of  movement  below  the  seat  of  injury;  but  in  less  severe 
degrees  of  compression  the  conduction  of  sensory  impulses  will  usually 
be  less  interfered  with  than  those  of  motion.  In  estimating  the  level 
of  the  lesion  from  the  extent  of  the  paraplegia,  it  should  be  remembered 
that  the  points  of  exit  of  the  nerves  from  the  canal  do  not  coincide  with 
their  origin  from  the  cord.  A  marked  zone  of  hyperesthesia  above  the 
level  of  the  paralyzed  parts  often  exists.  The  bladder  and  rectum  take 
part  in  the  paralysis.  Retention  of  urine,  which  is  the  rule  in  the  first 
instance,  soon  gives  place,  unless  relieved  regularly  by  catheterism,  to 
dribbling  from  overflow.  When  the  lesion  is  above  the  lumbar  center, 
owing  to  the  fact  that  the  reflex  arc  is  intact,  the  urine  is  sometimes 
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Fig.  409, — Fnicture-disli>Cii(ion.  show- 
ing crushing  of  Ibe  cord  (Guy's  Hospilal 
Museum). 


voided  periodically,  though  without  the  knowledge  of  the  patient. 
Priapism  is  frequently  present  when  the  lumbar  centers  escape  destruc- 
tion. The  temperature  after  the  injury  is  usually  considerably  raised, 
I  reaching  io6°  F.  or  even  a  greater  height;  later  it  becomes  subnormal, 
"  though  it  may  be  influenced  by  the  various  complications,  such  as 
cystitis,  which  subsequently  arise. 

f  Serious  interference  with  breathing  is  caused  by  injury  to  the  cord  in 

the  cervical  and  dorsal  regions.  A  lesion  above  the  fourth  cervical 
nerve  will  cause  death  from  total  failure  nf  respiration.  Below  this 
point  respiration  will  be  carried  out  by  the  diaphragm,  owing  to  the 
escape  of  the  phrenic  nerves,  and  by  a  varying  number  of  intercostal 
muscles,  depending  upon  the  level  of  the  injury.  In  the  lower  dorsal 
region  breathing  may  be  hampered  by  paralysis  of  the  abdominal 
muscles  and  tympanites.  When  the  injury  is  in  the  lower  cervical 
spine,  contraction  of  the  pupil  often  exists  from  damage  to  the  cilio- 
spinal  center. 

ProgMOSis.^This  must  be  regarded  as  exceedingly  grave,  not 
only  as  regards  immediate  risks  to  life,  but  from  the  point  of  view  of 
subsequent  recovery.  It  depends  upon  the  amount  of  damage  to  the 
spinal  cord  ;  and  the  higher  up  this  is  injured,  the  worse  the  prognosis. 
The  cases  thai  hold  out  the  best  chance  of  recovery  are  those  in  which 
the  paraplegia  is  brought  about  by  depre.ssion  of  a  neural  arch  or  by 
blood-extravasation.  In  fracture- dislocation  the  most  hopeful  cases 
are  those  in  which  the  lesion  occurs  in  the  lumbar  region  below  the 
termination  of  the  cord.  Death  is  commonly  brought  about  by 
bronchitis  when  the  movements  of  the  chest  are  impeded,  by  bed- 
sores, cystitis,  and  suppurative  pyelonephritis. 

Operative  Treatment. — We  have  already  referred  to  the  fact 
that  fracture  of  the  neural  arch  is  more  likely  to  be  benefited  by  an 
operation  than  fracture-dislocation.  When  the  lamina;  are  broken  by 
direct  violence  and  driven  in  on  to  the  cord,  the  case  may  be  compared. 
as  regards  treatment,  with  depressed  fracture  of  the  skull.  Lamin- 
ectomy should  be  performed,  and  the  depressed  fragments  elevated 
ajid  removed.  If  this  is  promptly  carried  out.  there  is  hope  of  com- 
plete relief,  though  the  large  amount  of  permanent  damage  that  a 
comparatively  slight  lesion  of  the  cord  may  cause  should  be  borne  in 
mind. 

When,  however,  we  have  to  deal  with  a  fracture  involving  the  con- 
tinuity of  the  spinal  column,  the  indications  are  less  clear.  Where 
marked  displacement  has  occurred,  and  no  doubt  exists  that  the  cord 
is  irremediably  crushed  by  the  scissor-like  action  of  the  two  segments 
of  the  spine,  operation  is  not  only  useless  but  harmful,  as  adding  to 
the  immediate  risks  of  life. 

Certain  cases  remain  in  which  the  paralysis  is  partial,  and  the  cord 
apparently  not  damaged  beyond  all  hope  nf  repair.  It  happens  occa- 
sionally that  the  history  of  the  onset  and  the  character  of  the  symp- 
toms give  strong  reasons  for  supposing  that  the  paralysis  is  caused  not 
so  much  by  the  disloc.ition  of  the  spine  as  by  the  effusion  of  blood 
into  the  nit-mbranes,  or  more  rarely  by  a  spicule  of  bone  wounding 
the  cord.  Under  these  circumstances,  operation  for  the  relief  of  com- 
pression should  be  undertaken  without  delay.     Such  clear  indicati 
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are,  however,  rare,  and  more  often  it  is  impossible  to  state  the  exact 
nature  of  the  lesion  and  to  what  extent  the  cord  is  irremediably- 
injured.  Two  courses  are  open  to  us — either  to  operate  in  every 
instance,  or  not  to  operate  at  all  unless  some  clear  indication  for  so 
doing  appears  in  the  subsequent  course  of  the  case.  Of  the  two,  we 
prefer  the  former,  and  our  practice  is  to  perform  laminectomy  at  once, 
regarding  the  operation  in  the  first  instance  as  an  exploratory  one. 
The  hope  of  restoration  of  function  in  those  cases  in  which  the  cord 
is  not  irretrievably  damaged  depends  on  the  promptitude  with  which 
the  cause  of  compression  is  removed ;  and  however  small  the  number 
of  cases  may  be  in  which  benefit  is  to  be  looked  for,  we  hold  that  even 
these  few  justify  one  in  immediate  operation, 

It  is  not  difficult  to  perform  laminectomy,  since  the  soft  parts  are 
always  found  torn  and  detached  from  the  bone,  and  the  introduction 
of  cutting  instruments  or  forceps  under  the  laminae  is  easy  from  the  dis- 
placement present.  We  advise  the  thorough  irrigation  of  the  wound  after 
the  operation  and  its  immediate  closure  without  a  drain,  so  that  there 
may  be  no  need  of  the  frequent  dressings  that  drainage  would  entail. 

Where  an  exploratory  laminectomy  has  been  undertaken  in  fracture- 
dislocation,  and  such  displacement  found  that  the  removal  of  the  neural 
arch  does  not  suffice  to  relieve  pressure  on  the  cord  entirely,  the  oper- 
ation can  be  extended  to  the  lateral  processes,  so  that  manipulation  in 
the  wound,  combined  with  extension,  may  perhaps  succeed  in  restoring 
the  normal  line  of  the  spinal  column. 

Non-operative  Treatment. — This  begins  with  lifting  the  patient 
into  bed,  and  requires  six  assistants,  two  below  and  two  above,  making 
extension  and  counterextension  by  the  legs  and  shoulders,  and  two, 
one  on  either  side,  with  hands  clasped  beneath  the  injured  back. 

When  the  first  slight  shock  is  over,  however  severe  the  case  may 
appear,  we  advise,  especially  in  dorsal  fracture-dislocation,  that  power- 
ful extension  and  counterextension  be  made,  aided  by  the  administra- 
tion of  an  anesthetic,  and  the  judicious  manipulation  of  the  spine  by 
the  surgeon  at  the  same  time.  No  harm  can  result  from  this,  and 
though  no  benefit  can  be  expected  in  those  cases  in  which  the  cord  has 
been  completely  crushed,  the  patient's  suffering  consequent  on  the  irri- 
tation of  nerve-roots  is  considerably  alleviated.  In  those  cases  in 
which  the  paralysis  is  only  partial,  and  in  which  reduction  is  preferred 
to  operation  as  a  means  of  treatment,  such  replacement  of  the  fractured 
vertebra;  may  be  an  important  factor  in  producing  some  amelioration 
of  the  paraplegia. 

Often,  however,  attempts  at  restoration  of  the  normal  line  of  the 
spinal  column  fail  from  impaction  and  interlocking  of  the  fragments 
of  bone. 

Rigid  confinement  in  the  supine  position  on  a  firm  mattress  must  be 
enforced  for  five  or  six  weeks,  when,  if  the  paraplegia  has  been  but 
partial,  the  application  of  a  support,  such  as  a  poroplastic  or  plaster-of- 
Paris  jacket,  will  enable  the  patient  to  sit  up,  and  shortly  to  be  out  of 
bed  on  crutches.  He  can  thus  be  induced  early  to  make  all  the  use 
possible  of  his  extremities,  while  at  the  same  time  his  own  efforts  are 
aided  by  massage;  and,  indeed,  we  advise  this  latter  in  partial  para- 
plegic cases  as  soon  as  the  patient  can  bear  the  manipulation. 
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The  use  of  a  catheter  and  the  treatment  of  cystitis  will  be  guided 
entirely  by  the  surgeon's  experience.  Not  the  least  important  factor  in 
the  prolongation  of  the  patient's  life  is  careful  and  skilful  nursing,  the 
nurse's  special  aim  being  the  avoidance  of  bed-sores — a  difficult  matter, 
considering  that  the  feces  and  urine  are  always  passed  involuntarily. 

In  fracture  in  the  atlo-axoid  region,  if  the  patient  survive,  the  same 
care  must  be  taken  to  keep  the  head  rigidly  fixed  (whilst  the  patient  is 
recumbent  on  a  firm  bed)  within  the  curve  of  a  horseshoe  sand-bag,  a 
small  firm  pillow  being  placed  under  the  nape  of  the  neck.  After  a 
month  one  of  the  many  forms  of  instrumental  or  felt  supports  should 
be  fitted,  which,  by  fixing  the  head  and  supporting  its  weight,  will  allow 
the  patient  to  get  up  from  his  bed. 

Fracture  and  Dislocation  of  the  Coccyx..— Dislocation  of  the 
coccyx  backward  may  occur  during  the  act  of  defecation  or  during 
parturition.  Displacement  forward  may  result  from  blows  or  falls  on 
the  buttocks,  though  under  these  circumstances  fraeture  is  more  fre- 
quently produced.  Either  condition  can  be  easily  diagnosed  by  com- 
bined internal  and  external  examination ;  and  reduction  being  elfected 
by  the  fingers,  the  bowels  must  be  kept  confined  for  some  days,  the 
motions  being  subsequently  rendered  as  soft  as  possible  before  the  first 
action  takes  place. 

Both  these  forms  of  injury,  more  especially  fracture,  as  also  mere 
contusions  of  the  coccj'x.  may  lead  to  a  severe  and  chronic  neuralgia 
known  as  coccydynia.  It  occurs  generally  in  women,  who  from  motives 
of  delicacy  will  frequently  refrain  from  mentioning  it,  and  adopt  semi- 
invalid  ways.  The  pain  is  often  so  severe  as  to  render  sitting  impo.ssi- 
ble,  and  any  movement  invoMng  a  strain  on  the  part  intensifies  the 
suffering.  The  pain,  though  chiefly  local,  may  extend  up  the  spine, 
and  in  ner\'Ous  people  give  rise  to  a  dread  of  spinal  disease. 

An  examination  may  reveal  nothing  but  a  tender  spot  on  one  or 
other  surface  or  at  the  tip  of  the  bone ;  in  other  cases  evidence  of  dis- 
location or  fracture  may  be  found. 

Treatment. — When  nothing  to  account  for  the  pain  exists,  subcu- 
taneous division  of  the  structures  attached  to  the  bone  dorsaily  and 
laterally  will  sometimes  produce  a  cure ;  but  if  not,  or  if  there  is  known 
to  be  vicious  union  after  fracture,  with  perhaps,  as  often  happens,  a 
painful  projecting  bony  spicule,  more  or  less  of  the  coccyx  should  be 
resected.  When  dislocated,  the  bone  may  be  replaced,  if  other  means 
fail,  by  resection  of  the  sacrococcygeal  joint,  aided  by  division  of  the 
surrounding  fascial  and  muscular  tissues. 

HEMATORACMS  AND  HEMATOMYEUA. 

Hematorachis,  or  Spinal  Meningeal  Hemorrhage. — Hemor- 
rhage into  the  membranes  may  accompany  injuries  of  the  spinal 
column,  or  may  be  the  sole  result  of  a  blow  or  fall.  The  blood  may 
be  extravasated  either  within  the  dura  mater  or  outside  it,  the  latter 
being  the  more  frequent. 

The  symptoms  indicative  of  hematorachis  are  severe  pmn  in  the 

sfntif,  extending  some  dist.ince  from  the  scat  of  injury,  and  dependent 

irritation  of  the  meninges ;  peripheral  pain  in  the  distribution  of 
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the  nerves  which  have  their  origin  within  the  area  of  tlie  hemorrhage, 
due  to  tlie  irritation  of  the  sensory  roots  by  the  extravasated  blond, 
the  pain  being  paroxysmal  and  burning  in  character;  muscular  spasm, 
or  occasionally  persistent  contraction,  frequently  associated  with  the 
latter,  produced  by  irritation  of  the  motor  nerve-roots,  and  having  a 
distribution  that  depends  on  the  particular  nerves  affected.  Opisthoto- 
nos may  result  from  involvement  of  the  vertebral  muscles,  and  occa- 
sionally a  general  convulsive  seizure  may  occur. 

Following  these  symptoms,  due  to  irritation  of  nerve-structures, 
paraplegia  of  varying  degrees  of  severity,  from  pressure  upon  the  cord, 
makes  its  appearance.  There  may  be  merely  slight  loss  of  power 
which  quickly  clears  up,  or  the  paralysis  may  be  severe,  though  it  is 
seldom  complete. 

The  prognosis,  unless  the  case  is  slight  from  the  commencement, 
or  amelioration  of  symptoms  commences  early,  is  unsatisfactory. 

The  treatment  to  commence  with  consists  of  absolute  rest,  the 
application  of  ice  to  the  spine,  free  purgation,  and  the  administration 
of  sedatives  when  the  pain  demands  it.  When,  however,  marked 
pressure-symptoms  exist,  or  when  improvement  does  not  show  itself 
early,  laminectomy  is  indicated.  We  do  not  see  any  reason  for  putting 
hematorachis  on  any  other  footing,  as  regards  operation,  than  that  on 
which  surgeons  have  always  placed  intracranial  meningeal  hemorrhage. 
Relief  can  be  afforded  in  most  ca.ses  without  opening  the  theca.  as  the 
hemorrhage  is  generally  extradural;  but  if  it  is  within  the  membranes, 
these  should  be  incised  and  blood  and  clot  washed  out. 

Hematomyelia. — Hemorrhage  into  the  substance  of  the  cord 
seems  confined,  as  the  result  of  injury,  to  the  region  of  the  fourth,  fifth. 
and  sixth  cervical  vertebra,  our  experience  in  this  respect  coinciding 
with  Thorburn's.  The  latter  observer  attributes  this  lesion  to  over- 
flexion  of  the  spine,  the  usual  form  of  injury  to  the  lower  cervical 
region.  The  most  common  forms  of  accident  producing  such  acute 
flexion  and  consequent  hematomyelia  are  falls  and  blows  on  the  back 
of  the  head  and  neck,  or  forcible  bending  of  the  neck,  as  in  passing 
under  an  arch. 

The  blood-extravasation  is  usually  situated  centrally  in  the  gray 
matter,  and  varies  in  amount  from  small  punctate  hemorrhages  to  a 
collection  which  may  extend  from  i  to  2  inches  in  the  gray  substance. 
When  large  in  amount,  it  may  extend  into  the  while  matter,  or  even 
rupture  into  the  membranes.  It  produces  its  effects  either  by  destroy- 
ing or  compressing  nerve-tissue  (Thorbum).  As  the  result  of  destruc- 
tion of  gray  matter  in  the  lower  cer\'ical  region,  paralysis  with  wasting 
of  muscles  and  anesthesia  occurs  in  the  upper  limb  and  in  the  muscles 
connecting  it  with  the  trunk.  When  the  effusion  is  large  enough  to 
cause  compression  of  the  while  columns,  paraplegia  varying  in  degree 
occurs  in  the  parts  below  the  level  of  the  lesion. 

When  the  cord  is  exposed  for  examination  in  fatal  cases,  the  hemor- 
rhage may  sometimes  be  seen  as  a  dark  swelling,  or  may  be  perceived 
by  the  finger  as  a  tense  bulging ;  in  other  cases  nothing  whatever  is 
obvious  externally. 

Symptoms. — Immediately  after  the  injury  the  case  may  appear  to 
be  one  of  total  transverse  lesion  from  the  completeness  oif  the  para- 
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plegia.  The  paralysis  is  recovered  from  to  a  greater  or  less  extent  in 
the  lower  limbs,  leaving  perhaps  some  slight  weakness  and  rigidity  of 
the  legs,  and  is  then  practically  confined  to  the  upper  extremities. 
Here  more  or  less  loss  of  power  and  wasting,  depending  for  their  distri- 
bution upon  the  extent  of  damage  to  the  gray  matter,  remain  per- 
manently. When  the  effusion  of  blood  is  slighter  in  amount,  and  so 
produces  less  compression  of  the  white  columns,  the  paralysis  is  from 
the  first  mainly  localized  to  the  arms. 

Occasionally  the  symptoms  increase  in  severity  for  some  hours  after 
the  injur)',  owing  to  the  slow  escape  of  blood.  An  extension  of  the 
paralysis  at  a  later  period  will  be  due  to  myelitis.  Much  pain  is  com- 
plained of  locally  in  the  spine,  occa.sionally  shooting  down  the  arms  or 
around  the  chest.  A  rapid  rise  of  temperature  is  sometimes  seen,  reach- 
ing I02''-I04°  F.  in  forty-eight  hours;  and  extreme  myosis  from 
destruction  of  the  ciliospinal  center  may  also  be  present. 

The  prognosis  as  regards  hfe  in  severe  cases,  and  as  regards  ulti- 
mate rccoverj-  in  all,  must  be  guarded.  Doubtless  many  of  the  less 
severe  cases,  which,  if  carefully  studied,  would  reveal  themselves  as 
cases  of  hemalomyelia.  are  ascribed  to  spinal  concussion  and  sprain. 
While  recovery  from  the  results  of  compression  of  the  white  columns 
may  be  rapid  and  complete,  there  is  usually  left  some  permanent  weak- 
ness and  wasting  in  the  upper  limbs. 

Treatment. — Beyond  rest  and  appropriate  medicinal  treatment,  there 
is  none  to  be  recommended.  The  punctate  character  of  the  hemor- 
rhage and  the  difficulty  of  determining  its  exact  position  in  many  cases 
when  the  cord  is  exposed,  and  the  fact  that  to  reach  it  would  Inflict 
probably  even  greater  injury  on  the  nerve -tissues,  render  it  unlikely 
that  operation  can  ever  be  of  any  benefit. 


CONCUSSION. 

The  question  of  spinal  concussion  is  a  vexed  one.  While  some 
surgeons  practically  deny  its  existence,  others  class  under  that  name 
conditions  which  are  now  known  to  bear  a  different  interpretation. 
As  in  past  years  many  paraplegic  states  were  regarded  as  functional 
which  we  now,  with  improved  methods  of  investigation,  know  to  be 
the  result  of  definite  spinal  lesions,  so  the  generic  term  concussion  is 
gradually  becoming  more  and  more  limited  in  its  application.  By  "  con- 
cussion of  the  spine  "  is  meant  a  more  or  less  complete  annihilation 
of  the  functions  of  the  spinal  cord,  immediately  consequent  upon  an 
injurj-,  temporarj-  in  character,  and  unattended  by  any  discoverable 
gross  lesion. 

The  cases  that  have  generally  been  considered  as  due  to  concussion 
are  those  of  sprain  of  muscles  and  fascix,  frequently  seen  in  railway 
ca.<!e5,  the  so-called  "railway-spine,"  in  which  no  cord-injury  at  all 
exists ;  or  cases  of  hemorrhage  into  the  cord  and  membranes.  We 
can  only  5{)eak  of  a  ca.se  as  one  of  concussion  when  all  other  known 
causes  of  paraplegia  after  injury  have  been  excluded.  Even  then  the 
term  must  be  regarded  as  provisional,  for,  after  all,  the  idea  that  a 
molecular  disturbance  of  nerve-matter  constitutes  concussion  is  only 
a  good  working  hypothesis. 
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The  a  priori  arguments  against  the  likelihood  of  spinal  concussion 
are  founded  upon  the  well-known  anatomical  relations  of  the  spinal 
cord ;  notably  its  small  size  as  compared  with  the  diameter  of  the 
spinal  canal,  and  the  way  it  is  suspended  with  lateral  support  from 
the  denticulate  ligaments  and  the  spinal  nerve-roots  themselves.  As, 
however,  we  know  that  hemorrhage,  the  result  of  an  injurj',  may  take 
place  into  the  cord  without  any  obvious  lesion  of  the  spinal  ci)lumn, 
there  need  be  no  difficulty  in  assuming  thai  slighter  forms  of  injury 
may  lead  to  some  disturbance  of  the  cord  short  of  obvious  structural 
defects — that  is.  to  concussion. 

While  we  believe  spinal  concussion  to  be  rare,  we  see  no  other  way  , 
of  explaining  those  cases,  occasionally  met  with  in  the  accident-wartfa  ' 
of  a  large  hospital,  which  after  a  fall  present  evidence  of  more  or  less 
paralysis  and  anesthesia  or  impairment  of  cord-function,  and  which 
within  a  week  or  less  have  complete  recovery  of  power  and  sensation. 
It  is  true  that  hemorrhage  into  the  spinal  cord  or  canal  might  possibly 
be  the  cause,  though  the  early  recovery  and  the  absence  of  character- 
istic symptoms  render  it  unlikely. 

In  hematomyclia  resulting  from  injury  the  hemorrhage  appears  to 
be  almost  invariably  confined  to  the  lower  cervical  region,  and  the 
destruction  of  g;ray  matter  causes  paralysis  of  certain  muscles  of  the 
upper  extremities,  while  the  legs,  which  generally  present  more  or 
less  paraplegia,  recover  much  more  rapidly  and  completely  than  the 
arms,  in  which  some  permanent  weakness  and  wasting  remains.  In 
hemorrhage  into  the  membranes  the  characteristic  .symptoms  produced 
by  irritation  and  compression  of  nerve-structures  usually  suffice  to 
distinguish  these  cases  from  mere  concussion. 

In  concussion  the  arms  never  present  localized  paralyses,  such  as 
result  from  hemorrh^e  into  the  cord;  nor  do  we  ever  find  peripheral 
pain  or  muscular  cramp,  such  as  occurs  in  hematorachis.  In  view  of 
the  above  facts,  paralysis  picking  out  a  few  muscles,  or  spasm  or  pain 
in  the  distribution  of  certain  spinal  nerves,  must  be  held  to  exclude 
concussion. 

Sjrmptoms. — A  very  few  cases  ha^■c  been  recorded  in  which  the 
paraplegia,  complete  from  the  first,  has  terminated  in  death.  Such 
cases  are  open  to  considerable  doubt  as  regards  the  diagnosis,  though 
we  are  unable  to  give  any  oth^r  explanation  than  that  of  concussion  to 
the  case  we  describe  below.  Such  cases  would,  during  life,  be  almost 
certainly  diagnosed  as  hematomyelia  or  some  other  lesion  of  the  cord. 

The  more  characteristic  cases  present  incomplete  lo.ss  of  power  and 
sensation,  the  paraplegia  being  usually  confined  to  the  legs,  though 
some  cases  mav  also  have  some  weakness  of  the  arms,  most  noticeable 
in  the  grasp.  Usually  the  bladder  and  rectum  are  also  affected.  The 
loss  of  power  and  sensation  is  in  the  slighter  cases  most  marked  in  the 
feet  and  toes,  and  gradually  diminishes  as  the  trunk  is  approached. 
One  must  be  careful  not  lo  mistake  for  concussion  those  cases  of 
sprained  spine  in  which  an  inability  to  move  the  legs  exists,  on  account 
of  the  pain  caused  by  such  attempts.  In  the  latter  cases  it  will  be 
found  that  this  supposed  paralysis  is  a  difficult}^  in  raising  the  weight 
of  the  leg  from  the  bed.  movements  being  othcr^vtse  unimpaired,  while 
in  the  former  such  inability  would  be  attended  with  paralysis  of  the 
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whole  limb.  No  spasm  of  muscles  occurs,  nor  is  there  any  peripheral 
pain.  All  the  symptoms  pass  off  frequently  within  forty-eight  hours, 
or  at  latest  within  a  week. 

The  case  of  complete  paraplegia  referred  to  above  as  one  of  con- 
cussion was  under  the  care  of  one  of  the  writers  in  Guy's  Hospital  in  1894. 
A  woman  aged  fifty-nine  fell  down  stairs  on  to  her  back,  and  when 
picked  up  was  found  to  be  paraplegic.  No  .special  inve.stigation  of  the 
case  was  possible  for  some  hours.  It  was  then  noticed  that  there  was 
complete  loss  of  power  from  the  neck  downward,  with  paralysis  of  the 
bladder;  the  breathing  was  carried  out  by  the  diaphragm.  At  first 
reflexes  could  be  obtained,  but  were  soon  lost.  There  was  anesthesia 
below  the  level  of  the  umbilicus.  On  the  second  day  the  temperature 
was  103,5°  I'-  ^fJ  o"  (he  tenth  she  died  from  pneumonia.  A  minute 
post-mortem  examination  was  made,  but  nothing  was  found  to  explain 
the  symptoms,  both  brain  and  cord  being  to  all  appearances  perfectly 
healthy.  But  for  the  autopsy  the  case  might  have  been  explained  as 
one  of  hemorrhage  into  the  cord  in  the  ceiA'ical  region. 

Treatment. — Beyond  rest  and  such  drugs  as  occasion  might 
suggest,  there  is  nothing  to  be  done. 
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LAMINECTOMY. 

Laminectomy  is  the  operation  for  exposing  the  spinal  cord  and  its 
membranes  by  the  removal  of  iriore  or  less  of  the  neural  arches.  It 
is  indicated  when  pressure-symptoms  have  appeared  as  the  result  of 
compression  by  inflammatorj-  products,  blood,  bone-displacement,  and 
tumors  of  the  spinal  cord  and  membranes. 

As  usually  performed,  a  median  vertical  incision  is  made  through 
the  skin  over  the  affected  area ;  but,  as  has  elsewhere  been  pointed 
out,  it  is  far  better  to  make  a  bold  horseshoe  incision  so  as  to 
throw  an  integumentary  flap  either  upward  or  downward.  The 
advantage  is  that  there  is  no  surface-wound  over  the  spinous  proc- 
esses, since  the  curve  of  the  "horseshoe"  crosses  the  spine  between 
two  of  the  processes,  and  thus  neither  wound  nor  scar  is  pressed  on 
as  the  patient  lies  in  bed.  The  muscles  are  detached  by  a  vertical 
incision  on  each  side  of  the  spines,  and,  the  neural  arch  being  exposed, 
a  lamina  is  divided  by  a  Hey's  saw  or  by  cutting- forceps,  one  blade  of 
the  latter  being  inserted  beneath  its  lower  margin.  This  is  difficult  except 
in  those  cases  in  which  the  operation  is  undertaken  for  fracture,  and 
an  alternative  is  to  apply  a  large  trephine  on  the  neural  arch,  the  pin 
of  the  trephine  working  in  the  stump  of  a  spinous  process  which  has 
been  previously  cut  off  By  this  means  a  part  of  the  lamina  of  each 
side,  with  the  rout  of  the  spinous  process,  can  be  removed.  Further 
exposure  of  the  spinal  canal  is  readily  accomplished  by  means  of 
Hoffmann's  or  llorsley's  special  cutting-forceps.  The  ihcca  is  now 
exposed ;  if  healthy,  it  will  have  over  it  a  variable  amount  of  fat  and 
large  veins  ;  but  in  cases  of  caries  of  the  spine  it  is  Hkely  to  present  a 
thickened,  leather-like  appearance,  with  chronic  inflammatory  deposits 
around  it.  On  incising  the  fat  over  the  dura  mater,  hemorrhage  from 
the  veins  in  it  may  for  the  moment  be  sharp,  but  is  controlled  by  press- 
ure.    The  spinal  cord  is  now  exposed,  when  necessary,  by  a  vertical 
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incision  tiirough  the  dura  mater,  and  CL-rebrospinal  fluid  freely  escapes. 
Further  stages  in  the  operation  must  be  regulated  by  the  exigencies 
of  each  case.  The  dura  mater  should  only  be  opened  when  necessi- 
tated by  the  existence  of  the  lesion  within  the  menibranes,  and  should 
especially  be  avoided  in  tuberculous  cases  on  account  of  tile  risk  of 
setting  up  a  tuberculous  meningitis.  If  the  operation  has  been  merely 
exploratory,  and  nothing  abnormal  found,  the  wound  may  be  imme- 
diately sutured  without  any  provision  for  drainage;  and  if  the  neural 
arch  has  been  removed  with  care,  more  especially  if  it  has  been  par- 
tially detached,  so  that  it  can  be  raised  as  on  a  hinge,  the  bones  also 
may  be  replaced.  When  an  infective  condition  is  met  with,  the  sur- 
geon's general  experience  must  guide  him  as  to  whether  to  leave  a 
drain  in  the  wound  or  not.  though  careful  cleansing  will  enable  him  to 
dispen.se  with  it  in  many  cases.  When  the  dura  mater  has  been 
incised,  drainage  of  the  subdural  space  should  be  effected,  when  found 
necessary,  by  a  capillary  drain,  such  as  horse-hair,  and  not  by  a  rubber 
tube. 

SPINA  BinOA. 

This  term  is  generally  used  to  denote  a  congenital  malformation  of 
the  vertebral  column  in  which  one  or  more  of  the  arches  have  failed  to 
close,  and  the  contents  of  the  .spinal  canal  protrude  in  the  form  of  a 
fluid  tumor.  Not  all  forms  of  spina  bifida  are  included  in  this  defini- 
tion, for  in  some  cases,  though  the  laminse  are  deficient,  there  is  no 
protrusion. 

To  understand  the  nature  of  these  malformations,  the  development 
of  the  cord  must  be  borne  in  mind.  The  primitive  neural  canal  is 
formed  by  the  coalescence  along  the  median  line  of  the  medullary 
folds,  two  ridges  derived  from  the  epibla.st.  In  this  way  a  hollow  tube 
is  formed,  which  eventually  becomes  separated  from  the  surface  cpi- 
blast  on  which  it  originated  by  the  ingrowth  of  me.soblast,  which  forms 
the  bones,  meninges,  and  muscles.  The  epiblastic  tube  thus  encircled 
is  the  spinal  cord. 

Vaxieties  of  Spina  Bifida. — These  may  be  grouped  under  five 
headings,  according  to  the  stage  at  which  arrest  in  development  takes 
place:  I.  Myelocele;  3.  Meningomyelocele;  3.  Syringomyelocele;  4. 
Meningocele;  5.  Spina  bifida  occulta. 

Myelocele. — In  this  malformation  the  medullary  folds  have  failed  to 
coalesce,  generally  to  a  limited  extent  at  the  caudal  extremity-,  so  that 
the  central  canal  of  the  cord  opens  on  to  the  surface  of  the  body  in 
the  lumbar  region.  The  unclosed  portion  of  the  cord  is  represented  in 
the  lumbosacral  region  as  a  bright-red  vascular  area  resembling  nevoid 
tissue.  In  a  specimen  in  Guy's  Hospital  Museum  this  area  is  of  a 
lozenge  shape.  It  usually  presents  a  median  longitudinal  furrow, 
which  represents  the  primitive  medullarj-  groove,  and  which  is  continu- 
ous above  with  the  central  canal  of  the  cord.  Microscopically  it  is 
found  to  be  composed  of  nerve-cells,  neuroglia,  and  nerve-fibers  inter- 
spersed with  a  plexus  of  arterioles,  venules,  and  capillaries  (Sutton). 
Arrest  of  development  or  asj-mmetry  of  the  spinal  column  is  often  asso- 
ciated with  myelocele,  and  ectopia  \'esica;  often  co-exists. 
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Meninsomyelocele. — In  this  variety  the  deficiency  in  the  arches  is 
associated  with  protrusion  of  the  spinal  cord  and  membranes.  The 
sac-wall  is  composed  of  skin  and  dura  mater,  and  is  lined  by  the  arach- 
noid membrane,  its  cavity  being  continuous 
with  the  subarachnoid  space.  The  spinal 
cord  leaves  the  canal  and  crosses  the  sac 
to  the  posterior  wall,  in  which  it  is  con- 
tinued as  a  flattened  layer  of  nerve-tissue 
still  retaining  its  central  canal.  From  this 
expansion  the  nerve-roots  arise  and  cross 
the  sac  to  their  respective  intervertebral 
foramina.  The  anterior  and  posterior  root'i 
arc  often  distinct  and  separated  by  a  con- 
tinuation of  the  ligamentum  denticulatum. 
It  is  the  most  common  variety  of  spina 
bifida,  forming  63.2  per  cent,  of  all  cases 
examined  by  the  Clinical  Society  of  London. 
This  form  is  due  to  a  failure  in  the  devel- 
opment and  ingrowth  of  the  me.soblast 
that  normally  separates  the  medullary  tube 
and  epiblast,  these  two  structures  conse- 
quently remaining  in  close  relationship. 
That  the  medullary  plates  have  coalesced 
is  shown  by  the  presence  of  a  central  canal 
in  the  flattened  cord. 

Syringomyelocele. — This  originates  in 
the  same  way  as  the  preceding  form,  from 
defective  ingrowth  of  me.soblast.  The  pro- 
trusion contains  the  spinal  cord  and  mem- 
branes, but  the  cavity  of  the  sac  is  formed  by  the  dilatation  of  the 
central  canal  of  the  cord.  The  nenes  consequently  do  not  cross  the 
cavity,  but  pass  forward  to  the  foramina  round  the  outer  surface  of  the 
expanded  cord.  This  form  is  extremely  rare.  According  to  De  Ruy- 
ter,  it  is  invariably  situated  laterally.  Arrests  of  development  in  other 
parts,  such  as  ectopia  vesicae  and  genital  fissure,  are  common. 

Meningocele. — Here  the  membranes  alone  protrude,  the  cord  occu- 
pying its  normal  position  in  the  spinal  canal.  The  deficiency  in  the 
arches  is  usually  limited  to  a  small  extent.  Very  rarely  the  protrusion 
takes  place  between  two  adjacent  arches  or  from  the  hiatus  sacralis. 
The  cavitj'  is  lined  by  the  arachnoid  membrane.  Meningocele  has  a 
tendencj'  to  become  pedunculated,  and  in  some  cases  the  aperture  of 
communication  may  be  occluded.  According  to  the  Clinical  Society's 
Committee,  it  forms  S  per  cent,  of  all  cases. 

Spina  Bifida  Occulta. — This  form  is  characterized  by  a  vertebral 
cleft  w  itluiut  aiij-  protrusion  of  cord  or  membranes.  Associated  usually 
with  this  malformation  is  an  abnormal  growth  of  hair,  which  may  be 
localized  over  the  defective  arches,  or  may  have  a  wider  distribution 
over  the  loins  and  buttocks.  This  hy|Krtrichosis  may  exist  at  birth  01 
may  develop  at  puberty.  In  many  cases  this  is  the  only  symptom  of 
spina  bifida  occulta.  Attention  is,  however,  often  drawn  to  the  spinal 
lalformation   by  the   presence   of  anesthesia,   club-foot,   perforating 
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ulcers,  and  other  trophic  changes  of  the  lower  extremities.  These  are 
apparently  brought  about  by  pressure  from  local  hypertrophy  of  the 
cutaneous  and  subjacent  soft  parts.  In  the  limbs  examined  there  has 
been  found  a  thickening  of  the  vessel-walls,  especially  affecting  the 
muscular  layer,  and  also  in  some  cases  degenerative  changes  in  the 
nerves. 

Clinical  History. — iVIyelocele  is  incompatible  with  life  for  more 
than  a  few  days,  owing  to  the  continual  leakage  of  cerebrospinal  fluid. 

In  those  forms  (meningocele,  meningt>niyeloceJe,  syringomyelocele) 
in  which  the  cleft  is  associated  with  protrusion  of  tile  .spinal  contents, 
the  swellinf;  varies  in  size  at  birth  from  a  hazel-nut  to  a  small  orange. 
It  is  rounded  or  oval  in  shajx;,  occasionally  lobidated  from  the  presence 
of  septa,  and  generally  median  in  position,  though  it  may  deviate  a 
little  to  one  side.  As  a  rule  sessile,  with  a  slight  constriction  at  the 
base,  in  rare  cases  it  may  be  pedunculated.  Meningomyelocele  may 
present  a  median  longitudinal  furrow  corresponding  to  the  attachment 
of  the  cord,  or  a  dimple  (the  so-called  umbilicus)  at  the  summit  where 
jJttte  cord  meets  the  sac-wall.  Both  dimple  and  furrow  are  by  no  means 
Bbnstant.  and  depend  to  some  extent  upon  the  distention  of  the  sac. 
In  consistence  the  tumor  is  sometimes  soft,  sometimes  firm  and  elastic, 
and  the  tension  is  increased  by  coughing  or  crying.  Fluctuation,  which 
is  always  obtainable  in  the  fluid  tumor,  may  be  obtained,  where  hydro- 
cephalus co-exists,  between  the  sac  and  the  fontanels.  The  deficiency 
in  the  arches  may  often  be  felt  when  the  sac  is  lax.  Normal  skin  but 
seldom  exists  over  the  whole  tumor;  in  most  instances  it  extends  up 
for  a  variable  distance  from  the  base,  the  rest  of  the  covering  being 
composed  of  a  thin  bluish  membranous  tissue.  It  is  not  uncommonly 
ulcerated,  or  even  gangrenous  on  the  surface,  and  in  some  cases  may 
present  patches  of  nevoid  tissue. 

Any  portion  of  the  spine  may  be  affected,  but  the  most  common 
situation  is  the  lumbosacral  region.  The  general  health  may  be  good 
and  the  functions  intact.  On  the  other  hand,  when  the  spinal  cord  is 
involved  there  may  be  paralysis  of  the  bladder,  rectum,  and  lower  limbs, 
and  associated  with  this  last-named  talipes,  most  commonly  calcaneus. 
Trophic  changes,  such  as  perforating  ulcer,  may  also  occur.  An 
important  complication  is  hydrocephalus.  This  may  be  present 
birth  or  may  develop  later,  and  in  a  few  cases  has  been  noted  as 
su[x;rvening.  after  the  cure  of  the  spina  bifida  by  artificial  means. 

The  majorit)'  of  cases  of  spina  bifida  die  if  left  to  themselves,  this 
being  due  in  a  lar^  proportion  of  cases  to  marasmus.  A  fatal  termi- 
nation may  result  from  rupture  of  the  sac  with  consequent  leakage  of 
the  cerebrospinal  fluid ;  from  meningitis  following  inflammation  of  tbe 
sac ;  or  from  the  troubles  dependent  on  paralysis, 

IMagnosis. — From  the  point  of  \-iew  of  operatKc  interference,  it  is 
import.nit  that  diagnosis  should  be  made,  if  possible,  between  meningo- 
cele and  meningomyelocele,  .Attention  should  be  directed  to  the  fol- 
lownng  points  distinguishing  meningom\-eIocele :  i.  The  lar^r  site  of 
the  deficiency  in  the  arches;  2.  Umbilication  and  furrowing  of  t 
sac;  3,  The  presence  of  paral^vsts  and  club-foot  Tr^nsparcncj-  of 
the  sac  cannot  be  relied  upon  as  a  means  of  distinguishing  between 
the  two  forms,  for  some  sacs,  though  containing  cord  and  oetves,  are 
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found  to  be  quite  translucent.      A  higher  situation  in  the  spine  or  the 
presence  of  a  pedicle  will  point  to  meningocele. 

Treatment. — In  those  cases  in  which  operative  measures  are  not 
justifiable,  treatment  will  be  limited  to  protecting  the  sac  from  injury. 
If  the  surface  is  ulcerated  or  gangrenous,  some  dry  antiseptic  dressing 
must  be  applied.  Parker  recommends  painting  with  iodoform  and 
collodion  in  cases  in  which  the  wall  is  very  thin.  Practically  the  only 
operative  measures  employed  are  the  injection  of  iodin  and  e.vcision  of 
the  sac.  Treatment  by  repeated  tappings  is  but  seldom  resorted  to  on 
account  of  Uie  attendant  dangers,  while  ligature  of  the  base  must  be 
regarded  as  unjustifiable  from  the  impossibility  of  determining  with  cer- 
tainty the  absence  of  nci-vous  elements  in  the  sac. 

Injection  with  Iodin. — This  method,  which  aims  at  bringing  about 
a  cure  by  the  production  of  a  localized  adhesive  inflammation,  has  met 
with  a  considerable  amount  of  success.  Morton's  fluid,  which  is  used, 
consists  of  iodin  gr.  x.  potassium  iodid  gr.  xxx,  glycerin  3J.  The 
puncture  should  be  made  through  healthy  skin  at  the  base  of  the  tumor, 
to  avoid  risk  of  injury  to  the  spinal  cord  when  incorporated  with  the 
sac.  It  is  not  necessary  in  most  cases  to  withdraw  any  fluid  from  the 
sac  previous  to  injection.  From  i  to  2  drams  of  Morton's  fluid  are 
injected,  and  the  site  of  puncture  sealed  with  collodion.  The  cases  for 
treatment  should  be  carefully  selected.  Injection  should  be  postponed 
until  the  child  is  at  least  two  months  old,  unless  the  sac  is  threatening 
to  burst.  Paralysis  and  talipes  will  not  be  benefited  by  the  treatment, 
and  as  contraindications  may  be  mentioned  hydrocephalus  and  maras- 
mus. The  dangers  of  the  operation  are  shock,  convulsions,  meningitis, 
paralysis,  and  the  subsequent  appearance  of  hydrocephalus. 

Excision. — In  common  with  many  surgeons,  we  think  there  is  less 
risk  involved  in  incising  the  sac  than  in  injecting  it,  and  that  the  likeli- 
hood of  damaging  the  spinal  cord  and  nerves,  when  these  are  contained 
in  the  tumor,  is  less  in  the  former  mode  of  treatment.  The  contra- 
indications are  the  same  as  those  for  injection,  and  the  ca.ses  should  be 
as  carefully  selected.  The  main  risk  of  this  operation  is  from  leakage 
of  the  cerebrospinal  fluid. 

Operation  (Mayo-Robson). — An  incision  is  made  through  the  skin 
on  each  side  of  the  tumor,  about  half  an  inch  from  the  base,  marking 
out  two  flaps,  which  are  carefully  dissected  off  the  meninges.  The 
membranes  are  then  punctured  to  let  out  the  fluid,  and  then  pared  away 
.so  as  to  leave  two  flaps,  one  rather  longer  than  the  other  (j  inch  and  1 
inch),  so  that  the  lines  of  union  of  the  meninges  and  skin-flaps  arc  not 
superimposed.  The  pairs  of  flaps  are  then  sutured  separately  and 
closely  to  avoid  risk  of  leakage  of  the  cerebrospinal  fluid.  Where  skin- 
flaps  are  not  obtainable  from  the  base  of  the  tumor,  they  may  be 
obtained  by.  dissecting  up  the  skin  from  the  loins  sufficiently  to  allow 
of  the  flaps  being  slid  inward  toward  the  middle  line.  When  the  cord 
is  incorporated  with  the  sac,  a  careful  incisions  hould  be  made  into  the 
sac.  after  the  skin-flaps  have  been  fashioned,  to  determine  the  position 
of  the  cord  and  nerves.  Redundant  sac  should  then  be  cut  away,  care 
being  taken  not  to  injure  nerve-structures,  and,  the  cord  being  replaced 
in  the  spinal  canal,  the  meningeal  and  skin-flaps  are  closely  sutured 
over  it 
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CONGENITAL  SACROCOCCYGEAL  TUMORS. 

Parasitic  Tumors  I  Teratomatai  originating  in  a  Duplica- 
tion of  the  Embryonic  Area.^Thcsf  ni.iy  bi;  regarded  as  the  lowest 
grade  of  a  series,  the  highest  expression  of  which  is  the  rare  malforma- 
tion known  as  "conjoined  twins."  They  occur  as  irregular  pendulous 
tumors  attached  to  the  coccygeal  region,  sometimes  of  large  size  at 
birth,  sometimes  increasing  in  size  subsequently,  and  bearing  no  resem- 
blance to  the  body  or  limbs  of  a  fetus.  They  dilTer  from  ordinary 
tumors  in  the  great  variety  of  tissues  of  which  they  are  composed.  In 
one  class  rudiments  of  the  skeleton  and  of  the  different  viscera  are 
found;  in  another  the  tissues  present  nothing  suggestive  of  any  special 
organ.  While  the  former  are  to  be  regarded  as  remnants  of  a  parasitic 
fetus  which  has  failed  to  develop,  in  the  latter  there  is  some  doubt  as 
to  whether  the  tumor  is  to  be  considered  as  parasitic  or  as  due  to  a 
developmental  defect  in  a  single  individual. 

Cystic  Tumors  originating  between  Rectnm  and  Sacrum.— 
The  majority  of  these  tumors  have  their  origin  in  persistent  remnants 
of  the  postanal  gut  and  neurenteric  canal.  They  may  be  either  multi- 
iocular  or  unilocular.  The  former  give  rise  to  large  tumors,  often 
pedunculated.  They  are  made  up  of  a  number  of  cysts,  varying  in 
size  from  a  millet  seed  to  a  cherry,  which  are  lined  with  cylindrical, 
cuboid,  or  flattened  epithelium,  and  which  contain  a  thick,  mucoid 
fluid. 

Unilocular  cysts  having  a  wall  similar  in  structure  to  that  of  the 
intestine,  and  found  lying  between  the  rectum  and  sacrum,  have  been 
met  with.  A  cyst  of  this  kind,  which  projected  into  the  rectum  as  a 
polypoid  tumor  the  size  of  a  hen's  egg,  has  been  described.  It  was 
readily  shelled  out  by  incising  the  rectal  wall  lying  over  it. 

Dermoids  also  occur  in  this  situation,  and  may  attain  a  very  large 
size,  one   weighing  as  much  as    14I   pounds    having  been   described. 

Cystic  Tumors  originating  outside  the  Sacrum  and  Coc- 
cyx.— Cy.sts  in  this  region  are  usually  sequestration  dermoids  arising 
along  the  line  of  coalescence  of  the  dorsal  folds.  The  possibility  of  a 
cystic  tumor  over  the  lower  end  of  the  sacrum  being  a  spina  bifida 
should  be  borne  in  mind.  Cases  of  meningocele  projecting  from  the 
hiatus  sacralis  as  a  pedunculated  tumor  have  been  reported. 

Allied  to  the  dermoids  are  the  dimples  and  sinuses  found  over  the 
coccygeal  region.  They  are  usually  regarded  as  resulting  from  imper- 
fect coalescence  of  the  dorsal  folds,  though  according  to  another  view 
they  are  vestiges  of  the  neura!  canal.  The  sinuses  usually  open  oppo- 
site the  tip  of  the  coccyx,  and  run  upward  for  as  much  as  two  inches  in 
some  cases.  They  appear  to  be  lined  with  skin,  and  in  some  cases  hair 
is  found  growing  from  the  wall. 

■ 

ACUTE  OSTEOMYELITIS  OF  THE  VERTEBRAE. 
Acute  osteomyelitis  of  the  spinal  column,  though  rarely  met  with, 
derives  a  special  importance  from  the  close  proximity  and  liability  to 
infection  of  the  spinal  cord  and  membranes.  It  is  about  twice  as  fre- 
quent in  males  as  in  females,  and  though  liable  to  make  its  appearance 
any  time  during  the  period  of  growth  of  the  skeleton,  it  occurs  most 
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often  between  the  ages  of  ten  and  fifteen.  The  disease  has  its  primary 
seat  in  the  lumbar  vertebra  in  about  half  the  recorded  cases,  and  the 
initial  focus  of  inflammation  is  as  often  in  some  portion  of  the  neural 
arch  as  in  the  body.  Suppuration  occurs  in  every  case,  though  to  a 
varj-ing  c-vtent.  Tenderness  and  rigidity  of  the  affected  portion  of  the 
spine  are  the  first  symptoms,  followed  in  three  or  four  days,  in  those 
ca.ses  in  which  the  arch  is  affected,  by  inflammator)-  swelling.  When 
the  bodies  are  the  primary  seat,  the  abscess  ivill  form  in  front  of  the 
spinal  column  and  will  be  later  in  making  itself  evident.  Curvature  is 
noted  but  rarely,  mainly  owing  to  the  fact  that  the  patient  at  once 
assumes  the  supine  position. 

The  special  danger  is  the  spread  of  inflammation  to  the  contents  of 
the  spinal  canal,  meningitis  or  meningomyelitis  occurring  in  about  half 
the  cases,  with  an  almost  invariably  fatal  result.  Death,  which  occurs 
in  about  three-quarters  of  the  cases,  is  either  brought  about  in  this  way 
or  by  general  infection.  Primary  disease  of  the  neural  arch  is  a  more 
favorable  condition  than  that  of  the  body,  owing  to  the  earlier  recogni- 
tion of  the  disease  in  the  former  and  the  greater  ease  with  which 
abscesses  can  be  drained  and  sequestra  removed. 

The  treatment  should  be  conducted  on  the  same  lines  as  for  osteo- 
myelitis elsewhere. 

CARIES  OF  THE  SPINE  (POTT'S  DISEASE). 

Definition. — Ry  caries  of  the  spine  is  meant  an  inflammatory 
process  characterized  by  rarefaction  and  absorption  of  the  vertebrse, 
leading  in  most  cases  to  angular  curvature.  It  follows  the  same 
course  as  caries  elsewhere,  but  derives  its  special  characteristics  from 
its  situation. 

Etiology. — The  most  common  cause  is  tuberde.  This  is  known 
not  only  by  the  clinical  course  run  by  the  disease,  but  by  the  presence 
in  the  afltcted  parts  of  the  tubercle  bacillus,  and  the  characteristic 
changes  in  the  tissues  that  it  produce.s.  Caries,  though  rarely  due  to 
syphilis,  is  met  with  as  the  result  of  both  the  congenital  and  acquired 
forms  of  disease,  but  is  more  commonly  observed  in  the  tatter.  The 
cervical  region  is  most  frequently  affected.  Its  diagnosis  will  depend, 
as  a  rule,  upon  the  co-existence  of  other  lesions  pointing  to  syphilis, 
which  are  usually  well  marked.  As  a  factor  in  causation  injury  must 
in  the  main  be  regarded  as  one  of  predi-sposition.  Its  importance  in 
this  respect  is  shown  not  only  by  the  definite  history  of  injury  so  fre- 
quently obtainable,  but  by  the  partiality  of  caries  for  such  situations  as 
most  readily  lend  themselves  in  childhood  to  damage.  Whether  it 
may  at  times  be  the  sole  agent  in  bringing  about  the  characteristic 
deformity  is  questionable.  The  cases  that  bear  this  interpretation 
quickly  recover  without  suppuration,  and  the  co-existence  of  tubercle 
cannot  be  determined.  Whatever  share  trauma  may  have  played  in 
originating  the  disease,  there  can  be  no  doubt  of  its  importance  as  a 
factor  in  perpetuating  the  caries,  when  once  established,  in  those  cases 
in  which  the  superincumbent  weight  of  the  body  is  not  relieved  by 
efficient  means. 

Both  sexes  are  said  to  be  equally  affected  by  Pott's  disease,  though 
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our  figures  show  25  per  cent,  more  males  than  females.  Whilst  the 
onset  is  most  common  in  childhood,  the  disease  is  still  frequent  up  to 
sixteen  years  of  aye.  It  is  met  with  later  in  life,  though  rarely.  We 
have  known  it  to  commence  and  run  a  typical  course  at  seventy  years 
of  age. 

Pathology. — Site  0/  Omt/.  — Tuberculuus  caries  generally  uriEinoles  in  the  soft  grow- 
ing bone  hdwceu  the  body  of  a  vencbm   and  ils  upper  or  lower  epiphyseal   plale,  aoilj 
Dot  in  the  epiphysis  itself-      It  may  be  cornpared  in  Ihi"^  respoct  to  the  mantier  in  wbidll 
limilar  disease  slnrta  in  the  long  bones  between  the  shaft  and  the  epiphysis.      Uccaslonalljl 
llie  primary  seal  may  he  tin  tlie  surfate  of  a  vertebra,  more  often  on  its  front  and  sidei  Ihu 
on  hi  ]>ostericiT  surface ;  or  at  other  times  in   the  cancellous  tissue  of  the  bodies.      Carie* 
commencing  in  the  lainin<t.-  and  transverse  processes  is  decidedly  tare.      Some  of  the  cast* 
and  specimens  recordeti  as  such  are  instances  of  acute  □sleomyelilis.  end  not  of  lubeiculoiu 
diaease-      If  we  except   the  atlo-i>ccipitai,  atlo-axoid.  and   sacrococcygeal  joints,   we  mafj 
Teganl  the  synovial  joints  of  the  spine  as  not  liable  (o  primary  tuberculous  infcclion.      I 
these  three  iilualiuns  the  darling  ptiini  of  the  disease  is  cither  in  the  synovial  membrane  i 
in  lliosc  parts  of  the  bones  that  enter  into  the  articulation.      In  atlo-axoid  disease  Ihc  odo 
loid  process  is  frequently  afTected.  and  very  great  danger  of  the  atlas  slipping  forward 
Ihe  axis  exists.      In  caries  of  the  sacrum  the  process  starts  most  often   in  the  Inmbosi 
r^on,  though  the  bone  is  occasionally  invaded  fn^m  the  sactu-i^iac  joint. 

The  following   is  the  order  in   frei|ueiicy  with   which  in  our   ciperience  the   difTei 
regions  of  Ihe  spine  are  affected :   Dorsi  1  umbar,  middorsal,  lower  lumbar,  midcervicalf  ce 
vicodor^al,  alio    und  ucdpito-aioid.      Necrosis  is  at  times  present  as  well  as  caries,  and^ 
fairly  lai^e  sequestra  may  l>e  thivwD  olf. 


FlG.4lt. — Caries  of  IdidImi  Tcnehne.     7^  two  <**d|>e-shapcd  ponioaa  i  iii  ii  niiiiii 
■he  bodies  of  the  first  *od  seoond  huabar  Tcnebcjc.     Tlie  irrwimE  abort  aad  liijiw  bava ' 
UlCM  togeiher.  and  almost  meet  aalcnoriy  (Gvr's  Kospila]  Mihcbb>. 

Course. — From  the  initial  focus  the  disease  spreads  to  the 
bocing  parts,  leading  in  most  cases  to  the  destiuctioa  of  the  boifies  i 
one  or  more  vertebra  with  their  intervcitcbcal  didcs  and  l^ameatsj 
This  may  be  contrasted  with  the  absoqition  brought  aboot  by  the 
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presence  of  aneurysm,  in  which  case  the  intervertebral  disks  remain, 
though  the  bodies  above  and  below  are  destroyed.  The  process  is 
more  rapid  in  the  soft,  rapidly  growing  vertebra;  of  young  children 
than  in  adults.  When  ca.^eation  of  the  inflammatory  products  takes 
place  before  the  enclosed  bone  is  absorbed,  sequestra  result.  These 
are  generally  soft  and  friable  in  children,  though  firmer  in  adults. 

More  rarely  the  disease  is  widely  diffused,  assuming  the  form  of  n  superficial  erosion 
which  BJTecti  the  fninl  and  sides  of  tbe  vetlebrx,  uften  uver  a  considerable  extent  of  the 
spine.  Less  frei|uenl!y  the  posterior  surface  of  the  bodies  is  affected  in  this  way.  The 
bodies  are  not  completely  destroyeJ,  ai  in  the  preceding  form,  and  sy  no  deformily  occurs- 
The  bone  is  irregularly  eroded,  and  is  sutnclimes  so  nddled  by  the  carious  process  as  to 
auuTDe  a  worm-eaten  or  honeycombed  aspect  (Fig-  413). 


■PI^H 

K^l 

1^^ 

Y\i\.  4IJ. — Caries  of  posterior  ^urQicc  uf  t}ic 
fourth  and  fifili  cervical  vertebra!;  easeous  mass 
in  i)ie  canal,  which  compreued  the  cord  arid 
caused  Eilal  paraplegia  (Guy's  Hospital  Museum), 


KiG,  41;). — DilTuie  lurm  of 
canes,  giving  a  honcyconibed 
appearance  to  the  vertcbidc 
(Guy's  Hospiinl  Miucuml. 


Angular  Curvature. — When  the  body  of  a  veitebra  disappears, 
its  spine  projects  unduly,  owing  to  the  sharp  angle  produced  by  the 
settling  down  of  the  vertebra  above  on  those  below  (Fig.  414).  In 
this  way  the  characteristic  boss  is  produced,  its  size  depending  upon 
the  extent  of  bone-destruction.  Deformity  occurs  most  readily  in  the 
dorsal  region,  owing  to  the  normal  convex  curve  backward  of  this 
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part  In  the  midcervicat  and  lumbar  regions  a  boss  is  later  in  making 
its  appearance,  as  the  natural  concavities  must  first  be  obliterated  In 
the  lumbar  region,  moreover,  the  vertebra  are  larger  and  firmer  and 
less  likely  tn  yield. 

Compression  of  the  Spinal  Cord — Narrowing  of   the  spinal  canal 
sufficient  to  cause  compression  of  the  cord  but  rarely  occurs  as  the 


Fig.  414- — IJlxIreTTiA  angular  curvaitirf  due  10  destruction  of  the  &ve  upper  danal  s'criebr^ 
iGuy's  Hospital  Museuml. 

direct  result  of  angular  deformity,  even  when  this  is  e.xtensive.  When 
symptoms  of  paralysis  appear,  it  will  be  found  that  these  are  due  in 
the  majority  of  cases  to  the  accumulation  of  inflammatory  products, 
granuiation-tissue,  caseous  material,  or  pus  between  the  bone  and  the 
dura  mater.  This  is  accompanied  in  some  cases  by  a  thickening  of  the 
dura  mater. 

Pressure  □□  the  cord  may  \\i  rare  inslances  be  due  to  dispEaccmcru  pioduced  bv  fractuie 
through  a  mrious  veittbtD  (fracture-dislucaliun).  lu  the  sudden  hursling  of  au  abses^  (u 
hemoirhnge,  or  to  the  protrusion  of  n  seijueMrum  into  the  canal.  As  regani*  the  effect  of 
pre^ure  on  ihe  cord,  Gowers,  following  Charcot,  stales  (hat  in  all  cases  myelitis  occurs  iL 
the  seat  of  compression.     Thorbum  and  others,  huwever,  maimain  thai  pressure  may  lad 
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l»  parB|ilcgiii  b)'  causing  eilher  anemia  and  fiibsequeot  degeneralion  of  the  cord  or  edema 
from  coiDprea:iion  of  Ihe  exirameduliary  vrinti  and  lymphatics.  Tbe^  changes  in  the  cord 
src  followed  hy  dcMeiidinj;  fii^t'iierotitm  in  ihc  lateral  columns.      When  coiopreisionpBnt- 

Slcgia  occurs,  the  disease  is  found  10  be  sealed  in  the  great  mojmity  of  cases  alKive  the  bixlh 
orsal  Ttnebtii. 

In  atlo-aioid  disease  the  canal  may  be  narrowed  by  the  gradual  sliding  forward  of  the 
alias  upon  the  aiit,  ihe  posterior  arch  of  the  atlas  gnidually  approaching  the  udoaloid 
process. 

Suppuration — Abscess  makes  itself  evitJent  in  about  25  per  cent 
of  all  cases  aflecteil  with  spinal  caries.  Although  in  the  majority  there 
is  no  obvious  suppunttion,  our  failure  clinically  to  detect  pus  does  not 
preclude  tlie  possibility  of  its  existence.  It  is  probably  much  more 
frequent  than  the  above  figures  indicate.  Collections  of  pus,  as  else- 
where in  connection  with  tuberculous  disease,  may  dry  up  when  deeply 
seated,  especially  in  the  thoracic  region  ;  or  the  pus  may  make  its  way 
into  some  hollow  viscus  and  be  discharged  without  detection.  The 
absence  of  evident  suppuration  does  not  argue  in  favor  of  the  carious 
destruction  being  slight :  some  of  the  most  deformed  patients  have 
never  had  an  abscess.  It  occurs  more  commonly  in  connection  with 
superficial  caries,  and  becomes  evident  earlier  in  these  cases. 

Repair. — When  recovery  takes  place,  repair  is  brought  about  by 
bony  ankylosis  of  the  bodies  above  and  below  the  seat  of  disease.  The 
spine  is  further  strengthened  by  buttresses  of  bone  thrown  out  in  front 
of  the  bodies  of  the  vertebrae,  and  often  by  bony  fusion  of  the  arches 
behind. 

General  pathological  changes,  such  as  cachexia,  lardaceous  disease, 
or  a  sudden  outbreak  t>f  acute  tuberculosis,  may  be  seen  as  in  other 
chronic  tuberculous  affections. 

Symptoms. — It  is  of  importance  that  spinal  caries  should  be  diag- 
nosed, when  possible,  before  the  development  of  angular  curvature; 
though  when  the  early  symptoms  have  been  slight,  the  patient  may  not 
seek  advice  till  aware  of  a  projection  of  the  spine. 

Pain,  though  variable  in  intensity,  is  present  in  most  cases  either  at 
the  site  of  the  disease  in  the  spine  or  referred  to  a  distance  along  the 
course  of  the  nerves  which  arise  at  the  level  of  the  mischief  Local 
pain  is,  as  a  rule,  moderate,  the  patient  complaining  commonly  of  gen- 
eral backache  or  weakness,  but  in  acute  cases  it  may  be  very  severe. 
In  these  cases  it  is  often  accompanied  by  a  marked  elevation  of  surface- 
temperature  and  by  hyperesthesia,  especially  to  heat  and  cold.  Pain  in 
the  back  may  not  be  felt  until  elicited  by  direct  pressure  upon  the 
spinous  processes  or  by  bearing  downward  upon  the  head  and  shoulders. 
It  is  aggravated  by  movement  and  by  the  communication  to  the  spine 
of  such  jars  as  are  experienced  by  riding  in  a  public  vehicle,  stepping 
down  sharply  on  to  the  heels,  or  taking  a  false  step,  and  even  in  cough- 
ing and  sneezing.  Pain  of  a  neuralgic  character  is  often  felt  in  the  dis- 
tribution of  the  nerves  the  roots  of  which  arc  irritated  or  compressed 
at  the  seat  of  inflammation.  Thus,  in  atlo-axoid  disease  pain  is  referred 
to  the  occipital  region ;  in  cervicodorsal  and  lumbar  caries,  to  the  arms 
and  legs  respectively.  When  the  dorsal  region  is  affected,  intercostal 
neuralgia  is  complained  of  or  pain  referred  to  the  pit  of  the  stomach 
and  interpreted  afe  "  stomach-ache  "  by  children.  The  so-called  "  girdle 
or  sense  of  constriction,  is  sometimes  met  with  in  adults. 


834 


INTERNATIONAL    TEXT-BOOK  OF  SURGERY. 


H^'pcrCStliesJA  uvor  ihe^i^i^cled  r^on  can  4omedTDe&  br  made  oul.  In  doublfut  ca^-^ 
i[  1^  mil  a  ,]mptiim  upon  which  much  Teliunce  can  be  placed,  as  it  is  oflen  well  marked  in 
cases  of  neurotic  spine,     Herpe!>  zoslei  is  in  rare  in&lnncei  met  wilb. 

Rigidity  of  the  spine  is  the  most  valuable  of  all  the  signs  of  Pott's 
disease.  The  patient  loses  in  the  affected  region  the  natural  flexibility 
of  the  spine,  moving  the  back  rigidly  as  a  whole  when  asked  to  bend 
over.  If  the  hand  be  placed  on  the  erector  5pin;e  on  either  side  of  the 
diseased  area,  the  muscle  will  be  found  to  be  firm  aJid  contracted,  and 
this  may  be  obvious  as  a  distinct  fulness.  Though  exaggerated  when 
stooping,  this  contraction  is  always  present,  and  will  disappear  only 
when  repair  has  taken  place.  The  fixed  and  rigid  position  in  which  ihi; 
back  is  held  leads  to  very  characteri.stic  movements  on  ihe  part  of  the 
patient.  When  stooping,  he  will  rest  one  hand  on  his  thigh  or  on  a 
piece  of  furniture,  or  will  cautiously  lower  himself  into  a  squatting 
attitude  by  flexing  his  hips,  knees,  and  ankles,  keeping  the  back  as  stiff 
and  upright  a.s  possible.  An  adult  with  dorsal  caries  will  cease  to  move 
those  ribs  that  correspond  to  the  seat  of  disease,  and  he  may  eventually 
adopt  an  entirely  diaphragmatic  respiration. 

Deformity. — The  presence  of  a  marked  angular  curvature  (Pott's 
boss)  is  pathognomonic,  but  the  diagnosis  has  frequently  to  be  made 
without  its  aid.  In  cases  unattended  by  pain  it  may  be  the  first  symp- 
tom to  call  attention  to  the  caries.  Although  occurring  at  some  period 
of  the  disea.se  in  the  majority  of  instances,  those  cases  in  which  the 
disease  assumes  a  diffuse  form  are  unattended  from  first  to  last  by 
deformity.  It  has  already  been  pointed  out  tliat  an  obvious  projection 
will  result  from  a  slighter  degree  of  mischief  in  the  dorsal  region  than 
elsewhere,  owing  to  the  arrangement  of  the  normal  curves  of  the  spine. 
In  rare  cases  some  lateral  deviation  of  the  spine  may  be  noted  as  an 
early  symptom,  disappearing  as  the  caries  progresses.  It  is  likely  to 
lead  to  an  error  in  diagnosis,  and  careful  attention  should  consequently 
be  paid  to  the  other  signs  of  disease  present. 

Compared  with  other  symptoms,  the  temperature  is  of  little  value, 
for  even  in  acute  uncomplicated  cases  it  may  not  reach  ioo°  F. ;  and  as 
the  majority  are  of  a  chronic  type,  slight  variations  of  temperature 
within  the  limits  of  i°  F.  will  not  aid  the  diagnosi.s. 

Atlo-axoid  Disease. — Stiff  neck  with  loss  of  the  power  of  rotation 
of  the  head,  local  tenderness,  and  often  more  or  less  wry-neck  are  early 
symptoms  of  the  disease.  The  aggravation  of  the  pain  caused  by  any 
movement  leads  children  to  support  the  head  by  steadying  it  with  both 
hands  or  by  resting  the  chin  on  some  projecting  ledge  of  furniture, 
though  they  will  also  do  this  in  cervical  disease  lower  down.  Paul  in 
the  course  of  the  great  occipital  nerve  is  sometimes  complained  of.  In 
disease  in  this  part,  or  in  the  upper  cervical  region  generallv,  the  posi- 
tion downward  and  fo^^vard  in  which  the  chin  is  carried  impedes  the 
entry  of  air  and  gives  rise  to  the  characteristic  grunt.  Examination 
shows  a  variable  amount  of  deep  thickening  with  muscular  rigidity. 
When  displacement  forward  of  the  atlas,  carrying  with  it  the  head,  takes 
place,  a  prominence  is  noticeable  behind,  due  to  the  spine  of  the  axis, 
and  between  this  and  the  occiput  a  sulcus.  In  unilateral  disease  the 
atlas  shdes  forward  on  one  side  only,  and  the  chin  consequently  points 
downward  and  to  the  side  opposite  the  lesion.     The  forward  move- 
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ment  of  the  atlas  on  the  axis  may  lead  to  the  compression  of  the  cord 
between  the  odontoid  process  and  the  arch  of  the  atlas.  If  this  dis- 
placement takes  place  suddenly,  immediate  death  results,  Postpharyn- 
geal abscess,  which  often  forms  in  connection  with  disease  in  this  region, 
is  considered  (.'l.sewh<.-rc. 

Occiplto-atloid  disease  is  less  common  than  the  preceding.  The 
symptoms  are  in  the  main  similar  to  those  ju^t  described,  together  with 
the  loss  of  the  power  lo  nod — the  characteristic  action  of  this  joint. 

Sacrococcygeal  disease  begins  not  uncommonly  in  the  synovial  joint 
Local  pain,  increased  on  defecation,  with  an  inability  to  sit  down,  will 
draw  attention  to  it.     Its  recognition  requires  no  special  description. 

Abscess. — The  course  of  abscesses  in  connection  with  spinal  caries 
is  determined  by  the  anatomical  arrangement  of  muscles  and  fa.scia;.  and 
they  derive  their  nomenclature  from  the  route  taken  by  them  or  from 
the  situation  in  which  they  become  evident  rather  than  from  the  region 
in  which  they  originate.  They  are  most  often  met  with  in  connection 
with  lumbar  caries,  becoming  relatively  less  common  the  higher  the  site 
of  disease  in  the  spinal  column. 

Cer^'ical  Region . — Postpharyngeal  abscess  arises  in  connection  with 
the  upper  cervical  region,  and  is  especially  a  sequel  of  atlo-axoid  disease. 
It  may  be  confined  to  the  region  behind  the  pharjmx,  and  pushing  the 
posterior  wall  of  this  forward  gives  rise  to  difficulty  in  breathing  and 
swallowing.  It  is  readily  detected  in  this  situation  as  a  fluctuating 
swelling.  In  other  cases  it  may  be  directed  to  the  side  of  the  neck  by 
the  prevertebral  fascia,  and  point  in  front  of  the  sternomastoid  muscle. 
Rarely  it  travels  down  into  the  posterior  mediastinum.  If  it  is  allowed 
to  burst  into  the  pharynx,  death  may  occur  from  suffocation — an  acci- 
dent likely  also  to  attend  the  unskilful  opening  of  the  abscess  in  this 
situation, 

Poshsophageal  abseess  arises  in  connection  with  the  lower  cervical 
vertebrae ;  it  may  cause  both  dyspnea  and  dysphagia  from  compression. 
In  a  case  under  the  care  of  one  of  the  writers,  after  producing  pressure- 
symptoms  it  appeared  as  a  deep-seated  swelling  beneath  the  lower 
attachment  of  the  left  sternomastoid. 

Dorsal  Region. — As  the  result  of  dorsal  caries  it  is  uncommon  to 
find  an  abscess  pointing  posteriorly  in  the  thoracic  region  (dorsal 
abscess).  When  suppuration  makes  itself  evident  in  this  situation,  the 
pus  makes  its  way  between  the  vertebral  ends  of  the  ribs,  following  the 
course  of  the  posterior  branches  of  the  intervertebral  arteries  to  the 
back.  It  may  extend  forward  beneath  the  pleura  and  point  at  the  side 
of  the  thorax,  or.  passing  upward  from  the  upper  dorsal  vertebra;,  appear 
at  the  root  of  the  neck.  In  the  lower  dorsal  region  the  abscess  more 
often  tracks  down  beneath  the  hgamentum  arcuatum  internum,  and, 
entering  the  sheath  of  the  psoas  muscle,  gives  rise  to  a  psoas  abscess. 

Lumbar  Region. — Pus  arising  from  disease  in  this  situation  may 
burrow  through  the  layers  nf  the  lumbar  fascia  and  point  in  the  loin 
{lutnbar  abseess');  it  may  make  its  way  dc)wri  in  front  of  the  fascia  cov- 
ering the  psoas  muscle,  to  form  a  swelling  in  the  iliac  fossa  [iliac  abscess) ; 
or,  gravitating  into  the  pelvis,  it  may  escape  through  the  sacrosciatic 
foramen,  giving  rise  to  a  glu/ea/  abseess.     More  commonly  it  gives  rise 

an  iliopsoas  abscess.     The  pus.  entering  the  sheath  of  the  psoas  mus- 
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cle,  follows  the  course  of  that  muscle  to  the  iliac  fossa,  where  it  may 
give  rise  to  a  large  swelling  which  is  limited  by  the  attachments  of  the 
iliac  fascia.     From  this  situation  it  enters  the  thigh  beneath   Poiipart's 
ligament  by  a  narrow  neck  external  to  the  femoral  vessels,  and,  con-j 
tiiiuing  its  course,  makes  its  way  beneath  the  femoral  vessels  and  along 
the  profunda  artery  to  the  upper  and  inner  part  of  the  thigh.     Here  it 
will  usually  give  rise  to  a  large  swelling  if  left  to  itself,  and  sub.sequently 
burst.     At  an  early  stage  careful  palpation  of  the  abdomen  may  reveal 
a  sausage-shaped  swelling  in  the  course  of  the  psoas  muscle,  somewhat 
tender,  and  too  deeply  situated  to  yield  definite  fluctuation.      It  may  be 
detected  in  this  way  when  scarcely  thicker  than  a  finger.     When  the 
abscess  has  reached  the  thigh,  fluctuation  is  readily  detected  between 
the  .swelling  below  and  that  above  Poupart's  ligament.     Pus  may  simul- 
taneously make  its  way  into  the   loin  and   point  there  as  a  lumbarJ 
abscess.     A    psoas   abscess   may  rarely  open    into   the    hip-joint  as  it' 
passes  in  front  of  it  in  the  thigh.      It  is  occasionally  bilateral,  especially 
in  connection  with  lumbosacral  caries.     Attention  may  be  drawn  to  the 
presence  of  abscess  by  cruralgia  and  inability  to  straighten  the  thigh. 
It  must  be  remembered  that  psoas  abscess  may  run  its  course  without  1 
any  interference  with  the  hip-movements  and  without  subjective  symp-1 
toms,  and  may  thus  simulate  hip-joint  disease,  from  which  it  must  be 
distinguished  by  careful  attention  to  the  other  symptoms  present 

Pressure  upon  Nerve-roots — The  results  of  the  compression  and 
irritation  of  sensory  nerve-roots  in  the  production  of  peripheral  pain 
have  already  been  referred  to.  This  is  frequently  accompanied  by 
hyperesthesia  of  the  skin,  and  later,  when  the  conducting  power  of 
the  nerves  is  impaired,  by  anesthesia.  Muscular  weakness  due  to 
compression  of  the  motor  nerve-roots  is  not,  as  a  rule,  a  very  obvious 
symptom.  It  will  be  most  marked  when  caries  aflects  the  cervico- 
dorsal  region,  and  the  nerves  to  the  arms  are  implicated.  Paralysis 
due  to  this  cause  will  be  accompanied  by  wasting  of  the  muscles  and 
by  the  reaction  of  degeneration.  Painful  contractions  as  the  result  of 
irritation  of  the  motor  nerve-roots  are  extremely  rare. 

Pressure  upon  the  Spinal  Cord  (^Coinfri-ssioii-paraplegia). — It  has 
already  been  pointed  out  that  the  most  common  cause  of  paraplegia 
is  pressure  from  the  accumulation  of  inflammatory  products  between 
the  bone  and  the  dura  mater,  generally  in  the  upper  half  of  the 
dorsal  region.  The  result  of  this  pressure  upon  the  cord  is  to 
impair  its  conductivity  and  to  produce  a  paralysis  varying  in  degree 
in  the  parts  below  the  level  of  the  lesion.  The  rapidity  of  onset 
varies  greatly,  the  paralysis  taking  from  a  few  days  to  some  months 
to  reach  a  high  degree  of  severity.  In  rare  cases  it  may  occur 
instantaneously  as  the  result  of  fracture-dislocation  through  a  carious 
vertebra,  or  from  hemorrhage,  or  from  the  sudden  bursting  of  an  abscess 
into  the  spinal  canal. 

An  early  symptom,  and  one  important  from  the  diagnostic  point  of 
view,  is  an  increase  in  the  superlicial  reflexes.  The  tendon  reflexes 
also  become  e.xcessive,  and  with  descending  degeneration  of  the  lateral 
columns,  spastic  rigidity  of  the  paralyzed  limbs  takes  place.  It  is  less 
common  to  find  much  alteration  in  sensation.  There  may,  however, 
be  varying  degrees  of  anesthesia,  or  loss  of  touch,  or  pain  alone.     Loss 
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of  voluntary  control  of  the  bladder  and  rectum  frequently  occurs.  As 
the  pressure  on  the  cord  is  almost  always  above  the  level  of  the  center 
controlling  these  acts,  the  reflex  arc  remains  intact.  The  bladder,  con- 
sequently, can  empty  itself,  though  involuntarily,  and  frequently  with 
some  periodicity.  Retention  of  urine  may,  however,  occur,  and  this 
would  be  the  invariable  result  of  destruction  of  the  lumbar  center. 

The  prognosis  of  paraplegia  following  caries  may,  on  the  whole,  be 
con.sidercd  as  very  hopeful,  recovery  occurring  in  the  majority  of  cases. 
Nothing,  however,  can  be  positively  predicted  of  any  individual  case, 
however  slight,  nor  does  the  duration  of  symptoms  for  a  year  or  more 
necessarily  preclude  recovery.  When  recovery  fails  to  take  place, 
paralysis  both  of  motion  and  sensation  may  remain,  though  more  com- 
monly sensation  returns  more  or  less  completely,  whilst  palsy  and 
rigidity  of  limbs  remain. 

Diagnosis. — Though,  as  a  rule,  in  late  cases  diagnosis  does  not 
present  any  difficulty,  at  an  early  stage  it  is  only  by  a  very  careful 
attention  to  the  symptoms  of  the  disease  that  an  error  may  in  many 
cases  be  avoided.  We  would  specially  mention  as  significant  the 
marked  local  rigidity  of  the  spinal  muscles  supporting  the  carious 
spine.  This  is  wanting  in  those  somewhat  difficult  cases  of  young  and 
nervous  girls  who  complain  of  pain  and  weakness  in  the  back,  and  who 
have  also  a  fixed  tender  spot  usually  over  one  of  the  dorsa!  or  lumbar 
spines,  with  in  some  cases  marked  hyperesthesia  of  the  skin  at  this 
point.  The  absence,  however,  of  any  deformity  and  of  referred  pains, 
and  more  especially  the  perfect  flexibility  of  the  spine,  will  serve  to  dis- 
tinguish these  cases  from  those  of  Pott's  disease.  The  diagnosis  of 
caries  from  new  growths  will  be  referred  to  under  the  latter  heading. 

Prognosis. — Oxving  to  the  great  variations  presented  by  spinal 
caries  and  its  complications,  a  mere  statistical  statement  of  recoveries 
and  deaths  would  convey  nothing.  It  may  be  safely  stated,  however, 
that,  given  no  evident  complication,  general  or  local,  the  tendency  is 
always  toward  recovery  when  even  moderate  care  is  taken.  Abscess 
adds  to  the  risks,  for  unless  strict  precautions  are  taken,  the  superven- 
tion of  sepsis  aids  the  tuberculous  process.  Angular  curvature  may 
shorten  life  by  the  reaction  on  the  general  health  of  the  displacement 
and  cramping  of  important  organs.  Thus,  in  cervical  disease  the  bend- 
.ng  forward  of  the  neck,  by  obstructing  the  trachea,  interferes  with  the 
free  entry  of  air;  in  dorsal  disease  the  approximation  of  the  ribs  and 
limitation  of  costal  movements  seriously  hamper  respiration;  whil.st 
dorsilumbar  disca.se,  by  cramping  the  abdominal  ^-iscera,  causes  disorders 
of  digestion  an<l  gives  rise  to  upward  pressure  on  the  diaphragm, 
impeding  deep  in-spiration  and  interfering  with  the  heart's  action. 

Death  may  be  brought  about  by  any  of  the  general  complications 
common  to  all  tuberculous  lesions,  such  as  l.irdaceous  disease,  cachexia, 
or  acute  tuberculosis.  Implication  of  the  spinal  cord  may  bring  about 
a  fatal  termination  from  acute  meningitis  and  myelitis  in  rare  instances, 
but  more  frequently  it  is  the  result  of  compression.  In  atlo-axoid 
disease  fatal  pressure  on  the  medulla  may  follow  dislocation,  or  a  post- 
pharyngeal abscess,  bursting  into  the  pharj'nx  and  entering  the  larynx, 
may  cause  death  by  sulTocation. 

Treatment. — By  Rest. — The  indications  in  the  treatment  of  an 
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uncomplicated  case  of  spinal  caries  are  to  relieve  the  focus  of  disease 
in  the  vertebrje  of  the  weight  of  the  superincumbent  parts,  and  to  pro- 
vide against  jars  and  vibrations  of  all  kinds.  The  former  of  these  is 
of  great  importance,  as  the  carious  process,  once  established,  is  largely 
maintained  by  the  pressure  from  above.  They  are  met  most  com- 
pletely by  absolute  rest  in  the  recumbent  position,  and  consequently! 
this  mode  of  treatment  should  be  adopted  when  possible  in  all  cases  to] 
begin  with.  Mechanical  apparatus  which  allows  the  patient  to  get] 
about  does  not,  in  our  opinion,  give  that  rest  to  the  parts  so  necessary  ' 
for  rapid  recoverj'.  In  acute  cases  rest  is  essential.  The  recumbent 
position  on  a  firm  bed  in  a  cheerful  and  well- ventilated  room  should  be 
adopted.  If  a  child,  the  patient  should  be  carried  out  when  possible 
into  the  open  air  on  his  mattress,  the  same  position  being  rigidly  main- 
tained throughout.  K.KCept  in  caries  of  the  upper  cervical  vertebra, 
there  is,  as  a  rule,  no  objection  to  the  employment  of  an  additional 
wedge-piliow  for  the  principal  meals.  When  restraint  is  necessary,  a 
strip  of  some  soft  material  siiould  be  carried  across  the  chest,  with 
apertures  for  the  arms  to  pass  through,  and  fixed  to  the  sides  of  the 
bed.  Limited  movements  of  the  arms,  especially  in  cervical  and  dorsal 
disease,  must  be  insisted  upon.  When  the  disease  is  in  the  cervical 
region,  the  patient  should  be  kept  absolutely  horizontal,  and  the  head 
steadied  by  sand-bags.  A  firm  small  pillow  should  be  slipped  under 
the  neck,  to  provide  support  from  the  occiput  to  the  shoulders.  In 
atlo-axoid  disease  every  care  should  be  exercised  to  provide  against 
fatal  pressure  on  the  medulla  by  the  slipping  forward  of  the  atlas  on 
the  axis.  Even  when  the  onset  and  course  are  distinctly  chronic,  the 
best  results,  as  regards  both  duration  and  deformity,  will  be  obtained 
by  rest  for  a  time. 

By  Supports. — Some  form  of  mechanical  apparatus  for  supporting  J 
the  spine  will  be  indicated  when  all  symptoms  of  acute  disease  have 
disappeared  during  treatment  by  recumbency,  and  repair  seems  to  have 
made  considerable  headway.  In  some  cases,  especially  in  hospital 
out-patient  practice,  where  the  social  position  of  the  patient  renders  it 
impossible  that  he  should  be  nursed  in  bed,  treatment  by  some  form  of 
support  from  the  commencement  will  have  to  be  adopted.  Though 
invaluable  in  these  cases,  it  cannot  compare  with  rest  in  bed,  as  it  lails 
to  remove  all  downward  pressure  on  the  focus  of  disease  and  to  obviate 
all  jars  communicated  through  the  feet,  and  from  the  point  of  view  of 
deformity,  treatment  by  supports  throughout  is  vastly  inferior.  When 
abscess  is  present  or  paralysis  threatening,  rest  alone  must  be  adopted. 
For  adults,  who  do  not  bear  prolonged  rest  on  the  back  so  well  as 
children,  a  jacket  may  be  employed  throughout  For  the  purpose  of 
support  the  old  complicated  pieces  of  apparatus  have  been  practically 
superseded  by  the  plaster  jacket  introduced  by  Sayre.  or  the  poro- 
plastic  jacket  designed  to  obviate  certain  disadvantages  attaching  to 
the  latter. 

As  Sayre  showed,  the  acme  of  support  to  a  carious  spine  could  only 
be  obtained  by  the  application  to  the  body,  when  extended,  of  a  closely- 
fitting  rigid  jacket  which  prevents  all  lateral  or  retard'  movement,  and 
which,  by  embracing  the  trunk  equally  at  all  points,  supports  the  body 
above  the  seat  of  disease  while  it  grasps  it  firmly  below.     It  thus 
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relieves  the  inflamed  bone  of  much  of  the  superincumbent  weight. 
The  advantages  that  plaster  has  over  felt  are  chiefly  these:  Its  greater 
rigidity,  its  cheapness,  the  fact  that  the  surgeon  can  himself  readily  fit 
it,  and  that  it  cannot  be  taken  off  by  the  patient.  In  applying  it  the 
following  points  should  receive  attention ;  Care  should  be  taken  in 
making  extension  that  this  should  stop  short  of  producing  pain  or  any 
feeling  of  strain  in  the  back.  All  bony  prominences,  especially  the 
anterior  iliac  spines,  should  be  protected  by  pledgets  of  cotton  wool. 
The  lower  limit  of  the  jacket  should  be  well  down  over  the  iliac  crests ; 
above,  it  should  be  carried  to  the  armpits,  and  well  up  over  the  chest 
and  back.  Ashby  and  Wright  recommend  that  it  should  \x  carried  up 
crosswise  over  the  shoulders,  the  cervical  part  being  afterward  cut  out. 

When  a  sUong  prejudice  eiisn  agoinsl  11  jacket  ihnl  cnnnol  be  lalien  off  for  loilel  pur- 
poses, fell  softened  by  heal  may  he  employed.  As  compared  wilh  plaster,  il  fails  in  eificiency 
from  the  very  fact  thai  it  can  be  taken  o^,  from  its  liability  lo  alter  in  shape,  and  from  Ihc 
circumstance  thai  it  fits  less  closely  than  plaster  of  Paris,  rill  jackets  ate  slways  weak  over 
the  rhesi  and  the  cre.sts  of  the  ilia,  two  important  jiiation- points.  In  the  later  stages  of 
caries,  hoircTer,  il  gives  ample  support,  and  is  then  in  every  way  the  best  material  to  employ- 
When  a  sinus  exists,  the  movable  jacket  is  obviously  belter  than  one  of  piaster  of  Paris. 

When  a  pmieiit  is  treated  at  an  early  stage  by  the  recumbent  position,  not  only  may  the 
boss  not  increase,  but  it  may  lessen  in  size,  os  we  Imve  seen  hnpjien  on  several  occasions. 
This  is  the  more  likely  10  occur  when  there  is  but  one  prominent  spine.  This  result  might 
be  expected,  since  the  treatment  adopted  removes  the  fortes  that  are  displacing  the  neural 
arches  backward,  and  direct  pressure  from  behind  lakes  their  place.  \Vhen  ^veral  bodies 
are  alfectcd  and  the  angle  is  already  well  formed,  treatment  must  be  directed  to  suppoiliog  the 
back  and  lessening  the  sufferings  of  the  patient  that  result  from  Ills  cunalure.  Any  good 
stays,  with  (um  steels  suitably  shaped,  will  serve  all  purposes,  or  the  fell  jacket  may  be 
adopted. 

In  ccnncal  disease  the  felt  jackets  may  be  adapted  to  the  case  by 

being  continued  upward  as  a  collar,  closely  fitting  the  neck  and  moulded 
above  to  the  chin  and  occiput  to  support  the  head.  A  better  con- 
trivance is  an  upright  steel  rod  passing  up  from  a  suitable  jacket  to  just 
below  the  occiput,  where,  by  means  of  arms  projecting  from  it  and  con- 
trolled by  screws,  pads  are  made  to  support  the  occiput  and  chin. 
Both  these  methods,  while  taking  off  the  weight  of  the  head  from  the 
.spine  below,  limit  lateral  and  rotatory  movements,  and  are  consequently 
adaptable  to  atlo-axoid  disease.  When  the  disease  is  below  the  atlo- 
axoid  joint,  Sayre's  jury-mast  may  be  successfully  employed. 

A  slight  iron  framework,  fixed  below  to  the  body  by  means  of  a  plaster  jacket.  Supporu 
■  sleel  rod,  which  curves  forward  from  behind  over  the  bead.  To  the  extremity  of  this, 
which  il  4  inches  above  the  head,  is  attached  a  swivel  crossbar,  which  carries  a  leathern 
slitig  by  menus  of  which  the  chin  and  occiput  are  supported.  Sayre  claimed  for  this  jury- 
mast  that  tlie  head  was  free  to  move  around  while  still  supported,  and  that  thereby  the 
patient's  comfort  was  much  intteascil.  The  objection  lo  this  ap[ioniius  is  that  ihc  steel  bar 
prevents  the  child  Iving  tlowrt  [friiperlv.  and  in  a  short  time  gels  bent  or  displaced  ;  and, 
moreover,  in  the  recumbent  position  it  ceases  to  exert  any  liaction  on  the  head.  While  we 
have  used  it  surce*sfully  in  adults  end  older  children,  we  do  nol  recommend  it  for  very  young 
children,  and  it  is  mil  suitable  for  atlo-axoid  disease,  oil  account  of  the  rvuiion  allowed. 

Operative  Treatment. — Abscess. — The  treatment  for  abscess  in  con- 
nection with  spinal  disease  should  be  conducted  on  lines  applicable  to 
chronii:  abscess  in  connection  with  bone  elsewhere.  As  soon  as  abscesses 
become  evident,  they  should  be  opened  and  their  contents  thoroughly 
evacuated,  the  question  of  drainage  being  determined  by  the  special 
exigencies  of  each  case.  In  general,  however,  it  may  be  said  that  if 
abscess  can  be  reached  at  all  points,  and  all  inflammatory  products 
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removed,  the  case  is  a  suitable  one  for  immediate  closure  as  first  carried  1 
out  by  Barker.  Essential  points  to  be  attended  to  are  thorough  1 
cleansing  of  the  sac-wall  and  strict  antisepsis  from  first  to  last. 

An  incision  having  been  made  into  the  abscess  and  the  contents 
allowed  to  escape,  the  interior  is  carefully  explored  and  any  septa 
present  are  broken  down.  Water  of  a  temperature  of  103^-105*'  F.  is 
poured,  or,  better,  conveyed  by  Barker's  flushing  scoop,  into  all  parts 
of  the  cavity.  At  the  same  time  the  walls  are  gently  .scraped  to  remove 
all  adherent  material.  When  scraping  is  likely  to  be  attended  by  such 
risks  as  opening  the  peritoneum,  the  wall  may  be  rubbed  with  sterilized 
sponges.  The  cavity  having  been  well  flushed  and  mopped  dry,  an 
emulsion  of  iodoform  and  glycerin  is  poured  in.  The  greater  part 
should  be  allowed  to  escape  before  the  wound  is  finally  closed,  or, 
better,  the  abscess -cavity  should  be  wiped  out  with  sterilized  sponges, 
leaving  only  such  an  amount  of  iodoform  as  will  adhere  to  the  walls, 

A  postpharyngeal  abscess  should  be  opened  promptly,  to  prevent  the 
possibility  of  a  spontaneous  opening  into  the  pharynx,  with  the  imme- 
diate risk  of  suffocation,  and  later  of  septic  infection.  It  should  be 
reached,  as  was  suggested  by  Hilton,  by  an  incision  carried  along  the 
posterior  border  of  the  stemomastoid,  or  where  most  superficial.  Open- 
ing the  abscess  through  the  mouth  should  be  done  only  in  an  emergency, 
the  patient  lying  on  his  side  with  the  head  inclining  a  little  over  the  side 
of  the  couch,  to  diminish  the  likelihood  of  pus  entering  the  larynx. 

Dorsal  and  lumbar  abscesses  should  be  opened  at  the  most  promi- 
nent point  by  vertical  incisions,  the  further  treatment  being  conducted 
on  the  general  lines  laid  down  above. 

Psoas  abscess  may  be  dealt  with  in  two  ways — either  by  an  opening 
in  front  in  the  groin,  or  behind  in  the  lumbar  region.  The  former 
alone  is  objectionable,  if  drainage  will  be  required,  since  the  wound  is 
very  likely  to  become  septic,  especially  in  children,  from  the  proximity 
of  the  excreta.  Moreover,  it  does  not  admit  of  the  upper  part  of  the 
cavity  being  readied  for  purposes  of  exploration  and  cleansing.  In 
spite  of  the  difficulties  that  may  attend  the  operation  for  reaching  the 
upper  end  of  a  psoas  abscess  in  many  cases,  the  lumbar  opening  is  the 
one  that  should  be  adopted.  When  the  abscess  has  travelled  as  far  as 
the  groin,  an  opening  should  be  made  in  the  latter  situation  to  facilitate 
the  flushing  and  cleansing  of  the  cavitj-,  the  anterior  wound  being  sewn 
up  afterward.  The  operation  of  cutting  down  upon  the  psoas  sheath 
from  the  loin  is  not  altogether  free  from  risk  of  wounding  the  perito- j 
neum,  and  the  difficulties  may  be  increased  by  free  bleeding  from  the^ 
lumbar  arteries. 

Kvploralion  of  Bodits  of  the  Vertebra. — In  those  cases  in  which  an 
abscess  is  present  the  bodies  may  be  explored  with  comparative  ease, 
as  was  first  suggested  by  Treves  in  1884,  and  in  some  cases  sequestra 
and  portions  of  diseased  vertebne  removed.  When,  however,  an 
abscess  does  not  exist,  the  success  of  any  attempt  to  deal  with  carious 
foci  in  the  spine  will  be  in  most  cases  \-ery-  problematical.  The  techni- 
cal difliculties  of  exposing  the  anterior  surfaces  of  the  vertebra;  ar 
considerable,  and  this  applies  especially  to  the  dorsal  region,  though,' 
even  here  the  bodies  have  been  successfully  attacked  by  resection  of 
the  posterior  extremities,  of  the  ribs.     The  dorsilumbar  and  the  lumbar 
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region  is  more  accessible,  but  unless  an  abscess  is  present,  there  is  dif- 
ficultj'  in  getting  working  room  without  endangering  the  peritoneum. 

In  caries  of  the  sacrococcygeal  joints  and  of  the  coccyx,  removal 
of  this  br>ne  is  a  sure  and  easy  method  of  cure. 

Treatment  of  Paraplegia. — Since  the  tendency  in  these  cases, 
especially  in  children,  is  toward  recoverj',  they  should  be  treated  in  the 
first  instance  by  rest  in  the  recumbent  position.  This  may  be  combined 
with  double  extension  ;  and  Watson  Cheyne,  who  speaks  highly  of  this 
mode  of  treatmenl,  states  that  recovery  by  this  means  commences 
earlier  and  proceeds  more  rapidly  than  in  recorded  instances  of  lamin- 
ectomy. Improvement  was  noted  by  him  within  three  days.  A  weight 
of  three  pounds  is  applied  to  the  head  and  a  similar  weight  to  the  legs, 
not  for  the  purpose  of  opening  out  the  curved  spine,  but  to  tire  out  the 
muscles  in  the  diseased  area,  which  by  their  contraction  keep  up  the 
inflammation. 

Under  certain  circumstances,  however,  laminectomy  holds  out  the 
only  hope  of  recovery.  Operation  is  indicated  (1)  when,  in  spite  of 
rest  and  appropriate  mechanical  treatment,  symptoms  either  persist 
or  steadily  increase ;  (2)  when  caries  of  the  arches  exists,  and  removal 
of  the  diseased  focus  seems  practicable:  (5)  when  symptoms  directly 
threatening  life  are  present  (Thorburn).  The  question  of  when  to 
operate  is  not  one  that  can  be  definitely  settled.  Each  case  must  be 
decided  on  its  merits,  and  tlic  time  of  operation  decided  by  the  particu- 
lar symptoms  present  and  the  results  of  treatment.  A  sudden  onset 
of  symptoms,  as  indicating  the  bursting  of  an  abscess  into  the  canal  or 
the  displacement  of  a  sequestrum,  would  suggest  immediate  operation, 
A  fracture-dislocation  occurring  through  a  carious  vertebra  would  not 
be  benefited,  and  should  contraindicate  all  interference,  as  would  also 
the  presence  of  extensive  tuberculous  disease  elsewhere. 

Immediate  Reduction  of  tlie  Deformity. — This  can  be  effected  by 
means  of  extension  and  counterextension.  aided  by  direct  pressure  over 
the  projecting  spines,  the  patient  being  under  chloroform.  The  deform- 
ity is  corrected,  and  the  patient's  trunk  surrounded  by  a  plaster-of- 
Paris  jacket.  Since  this  mode  of  treatment  was  first  carried  out  by 
Chipault  in  1893,  a  number  of  cases  have  been  submitted  to  rapid 
reduction  of  the  curvature;  but  the  results  do  not  warrant  our  recom- 
mending this  mode  of  treatment,  and  on  a  priori  grounds  it  seems 
that  any  benefit  likely  to  accrue  is  more  than  counterbalanced  by  the 
grave  risks  that  such  a  process  involves. 

SPONDYLinS  DEFORMANS. 

This  \%  an  affection  characterized  by  alteration  in  the  normal  curves 
and  restriction  of  the  ordinary  movements  of  the  spinal  column. 

Pathology. — The  changes  in  the  spine  that  give  rise  to  this  disease 
are  identical  with  those  that  affect  joints  generally  in  rheumatoid 
arthritis.  The  articular  cartilages  and  the  intervertebral  disks  become 
ab.sorbed.  the  bones  become  altered  in  shape,  and  bony  outgrowths 
take  place  from  the  margins  of  the  joint -surfaces  and  from  the  con- 
tiguous borders  of  the  vertebral  bodies  (Fig.  41 5 1.  More  or  less 
restriction  of  movement  results,  and  this  may  go  on  to  absolute  fixa- 
tion of  a  considerable  portion  of  the  spinal  column. 
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Ankylosis  is  bniughl  atioui  in  Ihrce  ways ;  By  the  liKking  and  occasionally  by  the 
coalescence  of  (he  osteopliyles  spriiiginu  (roiii  adjacp ill  verlclir.i-  -.  by  n  (lirccl  lii.ny  union 
of  ihc  verlebml  bodies;  an<l  by  a  conversion  of  the  ligaments  into  bone-  Tbis  osseiim 
change  most  commonly  affects  the  anterior  coininun  ligntnenl.  Very  rarely  the  spines 
and  lamins  are  fDuad  united  by  bone.  The  coslnveitcbral  articulalions  may  be  simiUrly 
ollacked. 

The  lower  doriol  and  lumbar  vertebra;  are  most  commonly  afTecleJ  ;  less  fTeiiuenl  ly  those 
of  Ihe  upper  cervical  region.  1'he  a  I  la  nin -occipital  and  atlu-aKui^l  articulations  may  present 
the  cbaiacterislic  changes,  and  the  i>donloid  process  may  lie  considerably  enlarged. 

It  is  a  disease  of  later  middle  or  advanced  life,  but  cases  may  be  mel  willi  in  young 
adults  and  even  in  children.     It  is  more  common  in  males  than  in  females. 

Symptoms. — The  on.set  is  gradual,  commencing  with  pain,  which 
may  be  persistt;nt,  and  stitTness.  The  pain  may  be  felt  in  the  small  of 
the  back,  preventing  .stooping,  or  in  the  neck,  interfering  with  move- 
ments of  nodding  and  rotation.  The  patient  somclimes  notices  that 
the  stiffness  affects  his  chest,  restricting  the  ordinary  movements  of 
respiration.     An  alteration  in  the  figure  slowly  takes  place.     There  is 

a  gradual  diminution  in  stature, 
and  with  this  an  inability  to  stand 
upright.  In  a  case  that  has  been 
progressing  for  some  years  the 
back  presents  one  long  curve  with 


Ft:.  415. — Spondylitis  deformans.  Speci- 
men showing  lippmg  and  ossificatiun  of  Liga- 
ments on  Ihe  right  side  of  the  spine  (Guy's 
Hospiul  Museum). 


Fig.  416, — Erosion  of  verlebn  by  aneu- 
rysm. The  intervertebral  disks  are  intact 
(Guy's   Hospital    Museum), 


the  convexity  directed  backward ;  the  head  is  craned  forward,  and  the 
chest  sunk.  Movements  arc  greatly  restricted,  and  there  may  even  be 
complete  fixation  of  a  considerable  portion  of  the  spina!  column.  When 
the  costovertebral  joints  are  affected,  breathing  is  carried  on  almost 
entirely  by  the  diaphragm. 


TUMORS. 
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The  changes  in  the  spine  may  coincide  with  similar  changes  in 
joints  elsewhere,  or  may  be  confined  for  a  long  while  to  the  spinal 
column  and  the  costovertebral  articulations.  The  bony  outgrowths 
from  the  vertebra:  may  compress  the  nerves  in  tlie  intervertebral 
foramina,  giving  rise  to  neuralgic  pains  in  their  distribution.  Com- 
pression of  the  cord  itself  scarcely  ever  occurs. 

Treattnent  will  be  conducted  on  lines  similar  to  that  employed 
for  rheumatoid  arthritis  occurring  elsewhere. 

EROSION  OF  VERTEBRAE  BY  ANEURYSM. 

The  bodies  of  the  vertebra:,  most  frequently  those  of  the  dorsal 
region,  may  be  absorbed  by  the  pressure  of  an  aortic  aneurysm  (Fig. 
416),  and  in  some  cases  an  angular  curvature  is  produced.  Two  or 
three  vertebra;  are  usually  affected,  the  bodies  being  destroyed  while 
the  intervening  disks  remain  comparatively  unaffected.  Erosion  is 
usually  attended  by  a  continuous  boring  pain  in  the  spine,  while  the 
pressure  on  the  adjacent  nerves  gives  rise  to  severe  neuralgic  pain  in 
their  distribution.  The  aneurysm  may  reach  the  cord  and  compress 
it,  with  the  production  of  the  usual  symptoms,  and  it  may  even  rupture 
into  the  canal. 

Diagnosis  from  growtli  will  be  effected  by  the  presence  of  other 
signs  pointing  to  aneurysm. 


TUMORS. 

Tumors  of  the  Spinal  Column. — The  spine  may  be  the  seat  of 
either  primary  or  .secondary  growths,  or  may  be  invaded  by  tumors 
originating  in  neighboring  structures. 

Of  primary  growths,  sareomafa  are  the  mo.st  common,  originating 
either  within  the  bone  or  from  the  periosteum.  Other  forms  of  primary 
growth  are  very  rare.  A  hydatid  cyst  may  develop  in  a  vertebral  body, 
or  a  chondroma  or  exostosis  grow  into  the  spinal  canal,  compressing  the 
cord.     Carcinoma  is  the  most  common  secondary  growth  met  with. 

Symptoms. — The  slow-growing  tumors  will  give  rise  to  symptoms 
of  compression  that  are  marked  by  their  extreme  chronicity.  On  the 
other  hand,  the  malignant  growths  are  characterized  by  the  acuteness 
of  their  course  and  the  severity  of  the  pain. 

Pain  is  a  most  prominent  symptom  throughout.  While  seated 
sometimes  in  the  spine  itself,  in  association  with  local  tenderness  and 
rigidity,  in  its  most  severe  form  it  is  felt  in  the  distribution  of  the  nerves 
the  roots  of  which  are  involved  in  the  growth.  It  is  intensified  and 
often  rendered  agonizing  by  the  slightest  movement.  Painful  muscular 
contractions  and  localized  [>aralysis  may  result  from  compression  of 
motor  nerve-roots.  As  the  result  of  the  infiltration  of  the  bodies  of 
the  vertebra:  with  soft  growth,  these  may  fall  together,  with  ihe  pro- 
duction of  angular  curvature  (Fig.  417).  This  may  take  place  with 
such  rapidity  that  deformity  is  noticed  within  a  few  weeks  of  the  onset 
of  symptoms.  Curvature  is  not,  however,  invariable.  Extension  of 
the  growth  to  the  spinal  canal  will  lead  to  compression  of  the  cord, 
with  the  production  of  symptoms  similar  to  those  described  in  Caries, 
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A  rapid  onset  of  paralysis  is  said  by  Gowers  to  occur  more  frequently 
in  growth  than  in  caries,  all  movement  being  lost  in  from  twelve  to 
twenty-four  hours. 

Diagnosis.  —  From  caries,  to  which  it  presents  many  points  of 
rL'scmblanct,  malignant  growth  may  be  distinguished  by  the  following 

characters :  Pain  is  much  more 
severe  from  the  first,  and  is  intensi- 
fied by  the  slightest  movement;  the 
course  of  the  disease  is  very  r^pid. 
and  is  measured  by  months;  in 
spite  of  rest  and  appropriate  treat- 
ment, there  is  a  progressive  increase 
in  the  symptoms.  Age  is  an  im- 
[lortant  factor.  In  the  first  half  of 
life  caries  is  by  far  the  most  com- 
mon cause  of  cur\-aturc ;  in  the 
second  half  caries  and  growth  oc- 
cur with  about  equal  frequency. 
The  presence  of  an  abscess  in  con- 
nection with  the  spine,  or  tubercu- 
lous lesions  elsewhere,  will  point  to 
caries.  The  possible  presence  of 
an  aneurysm  or  a  growth  originat- 
ing outside  the  spinal  column  as 
the  cause  of  severe  neuralgic  pains 
from  pressure  on  nerves  should  be 
borne  in  mind. 

Treatment  is  limited  to  the  relief 
nf  pain. 

Tumors  In  the  Spinal  Canal. 
— These  may  originate  in  the  cord, 
from  the  membranes,  or  outside  the 
dura  mater.  Tumors  outside  the 
membranes  in  most  cases  spring 
from  the  vertebra!  column,  and  are 
of  a  malignant  type.  Very  rarely 
lifjomata  and  parasitic  tumors, 
chiefly  echinococci,  develop  in  the  tissue  between  the  bone  and  the 
dura  mater. 

Tumors  of  the  cord  are  far  more  rare  than  those  of  the  membranes. 
They  comprise  most  frequently  gliomata,  sarcomata,  and  gummata; 
less  often,  tuberculous  masses  are  found.  Growths  arising  in  the  mem- 
branes are  in  a  large  proportion  of  cases  sarcomata  and  myxomata, 
less  frequently  tuberculous  nodules  and  gummata,  and  rarely  benign 
growths  such  as  fibromata,  lipomata,  and  angiomata. 

Tumors  are  found  most  frequently  in  the  dorsal  region.  They  are 
usually  single,  but  .sometimes  two  or  three  coexist,  neuromata  of  the 
nerve-roots  being  frequently  multiple. 

Symptoms. — The  earliest  symptom,  and  one  prominent  throughout 
the  course  of  the  disease,  is  pain,  felt  in  the  distribution  of  the  nerves 
whose  roots  are  compressed  by  the  growth.     Unilateral  to  commence 


Fir;  417. — Secondary  cancerous  ilepo^iis 
in  the  bodies  of  the  dorsal  and  lumbar  verle- 
b™.  The  eleventh  dorsal  vertebra  is  re- 
duced almost  10  ilie  {limensLons  of  an  inter- 
vertebral disk,  with  the  production  of  an 
angularcuivalure (Guy's Hospital  Museum|. 
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with,  it  becomes  bilateral  as  the  tumor  increases  in  size.  It  is  generally 
severe  and  neuralgic  in  character.  Pain  is  not.  as  a  rule,  felt  in  the 
spine  until  the  growth  is  large  enough  either  to  press  on  the  dura 
mater  and  bone  or  to  erode  the  vertebrie.  Tenderness  on  pressure 
over  the  spines  may  be  elicited,  but  is  not,  on  the  whole,  very  common. 
Muscular  spasm  due  to  irritation  of  motor  nerve-roots  occurs  not 
infrequently.  All  these  symptoms  are  most  marked  in  meningeal 
tumors. 

As  the  tumor  increases  in  size  it  will  compress  the  spinal  cord,  giv- 
ing rise  to  symptoms  similar  to  those  mentioned  under  the  head  of 
Paraplegia  due  to  Caries.  The  paralysis  is  of  gradual  onset  in  most 
cases.  Occasionally,  crossed  motor  and  sensory  paralysis  results  from 
one-sided  tumors — paralysis  and  hyperesthesia  on  the  side  of  the 
lesion,  anesthesia  on  the  opposite  side. 

Treatment. — If  there  is  reason  to  suppose  that  the  tumor  is 
syphilitic,  the  usual  remedies  should  be  energetically  employed.  A 
month  will  probably  suffice  to  indicate  the  nature  of  the  disease  and 
the  advisability  or  not  of  further  treatment  on  these  lines.  Tubercu- 
lous tumors  will  be  suspected  from  the  co-existence  of  tuberculous 
lesions  elsewhere.     They  may  j'ield  to  general  treatment. 

Other  tumors  steadily  progress,  and.  apart  from  operation,  treatment 
can  be  directed  only  to  an  amelioration  of  symptoms.  The  prognosis 
being  necessarily  hopjeless,  the  question  of  operative  interference 
becomes  an  important  one.  and  will  be  the  more  readily  adopted  now 
that  the  possibility  of  successful  removal  is  established  beyond  doubt. 
The  operation  will  be  conducted  on  similar  lines  to  that  for  the  relief 
of  other  forms  of  compression  (see  Laminectomy).  Tumors  of  the 
spinal  cord  are  not  amenable  to  treatment.  As,  hoivever,  growths  in 
this  situation  cannot  always  be  diagnosed  from  those  originating  in  the 
membranes,  operative  procedures  will  in  the  first  instance  partake  of 
an  exploratory  character.  Tumors  of  the  membranes  are  most  often 
met  with,  being  five  or  six  times  as  common  as  those  in  the  cord  itsell. 
As  Allen  Starr  points  out,  an  unfavorable  feature  in  the  prognosis  is 
the  frequency  of  sarcomata,  which  form  over  a  third  of  all  tumors 
found.  In  most  cases  that  have  recovered  the  growth  was  of  a 
benign  character — lipoma,  fibroma,  angioma.  The  results  of  opera- 
tion bring  out  very  clearly  the  importance  of  early  recognition  of  the 
disease  and  removal  of  the  growth  before  irrecoverable  changes  have 
taken  place  in  the  cord. 


SCX)UOSlS  (LATERAL  CURVATURE  OF  THE  SPINEl. 

By  scoliosis  is  implied  a  deformity  characterized  by  lateral  deviation 
of  the  spinal  column,  associated  with  rotation  of  the  bodies  round  a 
vertical  axis. 

Pathology. — It  should  be  borne  in  mind  that  the  erect  attitude 
of  the  spinal  column  is  maintained  only  by  muscular  activity.  When 
from  fatigue  the  erect  posture  is  departed  from,  certain  positions  are 
assumed,  both  in  sitting  and  standing,  which  involve  less  expenditure 
of  energy.  In  the  healthy,  vigorous  individual,  owing  to  a  due  balance 
being  preserved  between  rest  and  activity,  there  is  no  tendency  for 
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these  "  attitudes  of  rest "  to  pass  beyond  the  limit  of  what  may  be 
considered  a  perfectly  normal  physiological  condition.  But  in  the 
weakly  and  in  those  easily  liable  to  fatigue,  such  positions,  being 
habitually  indulged  in.  will  in  course  of  time  lead  to  the  permanent 
impression  on  the  structures  of  the  spinal  column  of  the  curves  char- 
acterizing these  attitudes,  and  later  to  their  exaggeration.  An  ordi- 
nary example  of  an  attitude  of  rest,  such  as  that  known  as  standing  at 
ease,  will  serve  to  make  the  above  clear.  In  this  position  the  patient 
rests,  say,  on  the  right  leg.  with  the  hip  and  knee  fully  extended,  the 
weight  of  the  body  being  transmitted  through  this  leg.  The  left  leg 
is  flexed  at  the  hip  and  knee,  and  the  pelvis  is  consequently  lilted 
down  to  the  left-hand  side.  The  lumbar  spine  is  thus  thrown  over  to 
the  left.  In  order  to  restore  the  balance  of  the  body,  the  spine  must 
be  curved  over  to  the  right,  and  thus  there  results  a  curve  in  the 
lumbar  region  with  the  convexity  to  the  left.  There  follows,  of 
necessity,  a  compensatory  cur\'C  in  the  dorsal  region,  with  the  con- 
vexity to  the  right,  for  the  purpose  of  balancing  the  upper  part  of  the 
trunk  on  the  lumbar  curve.  In  this  form  of  curvature  the  primary- 
curve  is  in  the  lumbar  region,  the  dorsal  one  being  secondary  and 
compensatory.  The  same  results  from  sitting  and  lounging  habitually 
in  certain  attitudes.  Lateral  curvature  is  brought  about  most  coni-| 
monly  in  this  way.  ll  exhibits  itself  mostly  in  children  and  youn;_ 
adults,  most  often  in  girls.  They  are  usually  observed  to  have  an 
ill-developed  muscular  system,  and  belong  to  the  class  of  pjeopie  who 
are  soon  tired.  There  is  often  an  hereditary  history-  of  curvature. 
direct  or  collateral,  on  the  mother's  side ;  and  where  one  girl  in  a  large 
family  suffers  from  scoliosis,  flat-foot  or  knock-knee  is  often  found  in 
another  member  of  it. 

Healthy  adulls  may,  as  Ihe  result  of  (he  constant  performuice  of  certain  fonns  of  labor, 
Acquire  a  permanent  curvature  of  (he  ^pine.  which,  as  in  (he  case  of  the  weakly,  is  lo  k 
legatiied  as  the  Hiation  nf  wlial  i?  a  normal  phj'siulogica]  allitude.  !□  thi^  case,  however, 
i(  is  an  a(li[ude  of  acliYi[)'  lha(  permanendy  impresses  itself  on  the  spinal  column.  This 
form  usually  results  from  caitying  heavy  weights  on  one  shoulder  or  in  one  hand,  and  tlie 
curve  produced  is  usually  a  long  single  one  involving  the  whole  of  the  dorsal  and  lumbar 
spine,  with  the  convexity  to  the  side  ou  which  (he  load  is  carried. 

lateral  curvature  is  seen  occasionally  in  rickety  children,  the 
mechanism  of  production  being  the  same  as  in  adolescents.  A  dis- 
parity in  the  length  of  the  legs,  as  from  old  fracture,  hip-disease,  con- 
genital hip  dislocation,  or  infantile  paralysis,  will  also  be  productive  of 
scoliosis,  and  contraction  of  one  side  of  the  chest  from  empyema  or 
pleurisy  may  lead  to  the  same  result. 

On  account  of  the  unequal  compression  of  the  vertebral  disks 
brought  about  in  any  of  the  preceding  ways,  the  cartilages  become 
flattened  on  the  side  of  the  concavity.  If  the  factors  maintaining  the 
curve  persist,  the  bodies  in  time  become  wedge-sh.iped. 

Rotation  of  the  bodies  of  the  vertebra?  on  a  vertical  axis  always 
accompanies,  and  is  a  necessary  consequence  of.  the  lateral  deviation 
(Fig.  418).  The  bodies  face  round  toward  the  convexity,  while  the 
spines  are  directed  toward  the  concaiitj-,  so  that  the  deviation  of  the 
spinous  processes  does  not  represent  tlie  full  lateral  cun-atttre.  As 
the  result  of  the  rotary  movement,  the  transverse  processes  on  the  side 
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of  the  convexity  are  directed  posteriorly,  carrying  with  them,  in  the 

dorsal  region,  the  ribs,  the  angles  of  which  become  very  prominent. 
In  the  upper  dorsal  region  the  scapula  will  be  pushed  farther  than 
normal  from  the  mid-line.  The  shoulder  on  the  side  of  the  convexity 
will  be  elevated,  and  this  is  frequently  the  first  sign  noticed  by  the 
patient  The  "outgrowing  shoulder"  (/.  t:,  the  scapula)  and  "the 
shoulder  carried  higher  than  the  other"  are  modes  of  expression  often 
employed  by  parents  in  describing  the  affection.     On  the  side  of  the 
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Fig.  41B. — SkelelQD  from  a  case  of  laleral  curvalure.  ihowing  Ulenl  deviation  and  rDtBlton 
of  bodies  (Gujr's  Hospilal  Museum). 

concavity  the  cajjacity  of  the  chest  is  much  diminished,  the  rib.s  being 
crowded  together,  whilst  the  breast  is  sometimes  noted  as  more  promi- 
nent than  on  the  opposite  side. 

Symptoms. — The  patient  should  be  stripped  to  the  hips,  and  the 
clothes  held  by  a  nurse,  to  allow  the  patient's  arms  to  hang  free  and 
also  to  prevent  any  constriction  or  concealment  of  the  loins.  The 
vertebral  spines  are  first  examined  for  any  deviation  from  the  middle 
line.  The  loins  are  then  carefully  compared  as  regards  symmetry,  and 
it  is  here  that  the  earliest  signs  of  curvature  are  noted  in  the  majority 
of  cases.  In  the  slightest  cases  there  wilt  be  a  want  of  symmetry-  in 
the  loins — on  the  side  of  the  cun'alure,  a  curved  outline  or  at  least  a 
straight  one;  on  the  concave  side,  a  more  or  less  marked  dipping  in  or 
creasing  of  the  soft  parts.  We  regard  this  as  the  most  important 
objective  sign  of  early  scoliosis. 

In  a  well -developed  ca.se  a  posterior  projection  in  the  loin  of  the 
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erector  spine  on  the  side  of  the  convexity,  and  of  the  angles  of  the 

ribs  in  the  dorsal  region  on  the  opposite  side,  will  be  observed.  The 
prominence  of  the  scapula  and  the  heightening  of  the  shoulder  will 
also  be  obvious.  Kxainined  in  front,  the  breast  on  the  side  of  the 
dorsal  concavity  will  project  more  than  that  on  the  other  side.  In 
advanced  cases  all  the  above  sijjns  will  be  immensely  exafjgcrated, 
especially  in  the  dorsal  region,  where  the  rotation  may  be  so  marked 
that  the  angles  of  the  ribs  form  a  ridge  ruiming  more  or  less  parallel 
with  the  spine,  and  easily  mistaken  fur  it  by  a  careless  observer. 

The  general  health  of  the  patient  and  the  musculature  should  be 
carefully  noted,  for  no  cure  can  be  effected  so  long  as  they  remain 
defective.  Pain  in  early  cases  is  generally  confined  to  a  general  back- 
ache, muscle- wearine.ss,  and  an  aching  under  the  blade-bones.  In 
advanced  curvature  the  ribs  may  be  so  pressed  together  as  to  cause 
intercostal  neuralgia.  Shortness  of  breath,  palpitation,  and  dyspepsia 
may  be  complained  of  in  severe  cases,  from  limited  movement  of  the 
ribs  and  diminished  capacity  of  the  chest  and  abdomen. 

Treatment. — Formerly,  mechanical  support  was  regarded  as  the 
essential  in  treating  lateral  curvature;  and  while  tiicre  is  no  denying 
the  comfort  given  by  suitably  chosen  appliances,  they  are  likely,  when 
discontinued,  to  leave  the  patient  in  a  more  helple.ss  state  than  before. 
Having  largely  taken  the  place  of  the  patient's  muscles  and  reduced 
to  a  minimum  the  exertion  necessary  to  maintain  the  erect  position, 
the  patient  becomes  less  and  less  fitted  to  be  again  independent  of 
artificial  support.  However,  in  patients  with  advanced  curvature 
strong  supports  will  be  found  of  very  great  value  to  enable  them  to 
remain  useful  units  of  society;  though  even  these  cases  may  obtain 
relief  from  some  of  their  complications,  such  as  neuralgia,  oppressed 
breathing,  etc.,  by  using  some  of  the  exercises  indicated  in  less  severe 
forms  of  scoliosis. 

The  treatment  of  lateral  curvature  falls  under  three  heads :  1.  Rest; 
2.  Exercises ;  3.  Supports. 

Rest. — Few  cases  come  before  the  surgeon  in  which  absolute  rest 
is  not  at  first  required.  Most  scoliosis  cases,  when  they  fir.st  present 
themselves,  are  overwrought  and  unable  to  keep  upright,  sinking  every 
moment  into  the  halting  position.  Confinement  to  a  reclining  board 
or  a  flat  couch  is  necessary,  and  no  exercise,  not  even  .sitting  up  to 
meals,  should  be  allowed.  The  general  health  and  environment  should 
be  attended  to  and  tonics  administered.  After  the  first  few  days, 
massage  of  the  muscles  of  the  back  should  be  carried  out  daily,  and 
this  on  alternate  days  can  be  extended  to  the  whole  body.  Tliis  regi- 
men should  be  continued  until  the  health  is  obviously  improving,  the 
muscles  developing,  and  all  raehialgia  gone.  Kxercises  may  then  be 
substituted  for  the  massage,  and  the  patient  may  sit  up  a  short  time 
for  the  midday  meai.  This  stage  is  usually  reached  in  about  four 
weeks.  When  the  exercises  have  been  learnt,  and  the  patient  is  accus- 
tomed to  them,  and  not  wearied  by  them,  she  may  begin  to  take  short 
walks  of  fifteen  minutes'  duration,  being  previously  fitted  with  suitable 
corsets.  All  rest  must  still  be  taken  lying  down.  In  fact,  sitting  is 
the  last  position  allowed.     The  length  of  time  during  which  the  hori- 
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zontal  position  should  be  maintained  for  purposes  of  rest  varies  in  every 
case,  but  may  extend  to  twelve  or  even  eighteen  months. 

Exerciser. — There  are  numerous  forms  of  exercises  recommended; 
but,  provided  they  fulfil  certain  conditions,  detail  maybe  disregarded. 
The  conditions  are  active  exercise  of  the  muscles  of  the  back  and 
shoulders,  regularly  carried  out  in  such  a  way  that  there  may  be  at  the 
same  time  an  extending  force  at  work  on  the  spine  itself  The  follow- 
ing is  an  example  of  an  exercise  without  apparatus.  Extend  tlie  arms 
fully  over  the  head,  and  let  the  hands  meet  and  clasp;  now.  straining 
the  arms  and  trunk  upward  as  far  as  possible,  bend  slowly  forward  at 
the  loins,  as  though  in  the  act  of  making  a  plunge;  then  by  reverse 
action  recover  the  original  position.  In  mild  cases  the  spine  may  be 
seen  to  straighten  at  once.  On  examining  a  case  it  is  well  to  make 
the  patient  go  through  this  exercise,  as  the  surgeon  can  thereby  form 
an  opinion  of  the  extent  to  which  the  curvature  can  be  obliterated. 
Subsidiary  exercises,  which  fail,  however,  in  producing  extension,  are 
the  ordinary  arm-exercises,  with  or  without  light  clubs,  which  are 
mostly  done  at  gymnastic  classes. 

Of  exercises  with  apparatus,  the  cross-bar  hanging  from  two  parallel 
ropes  is  a  favorite.  It  has  two  objections:  the  hands  are  kept  at  the 
same  level,  and  it  is  too  often  used  merely  to  swing  from,  which 
involves  no  active  muscular  exercise.  We  prefer  to  this  a  simple  rope 
hanging  from  the  ceiling.  Up  this  the  patient  climbs  hand  over  hand 
till  off"  the  ground.  At  this  stage  the  hand  on  the  side  of  the  dorsal 
concavity  .should  be  the  higher  on  the  rope,  and  thus  a  greater  force 
brought  to  bear  by  means  of  the  trapezius  of  that  side  than  when  the 
hands  are  on  a  level.  After  remaining  in  this  position  a  few  seconds, 
the  patient  climbs  down,  repeating  the  process  again,  until  when  used 
to  it  she  can  carrj'  it  out  for  ten  minutes  twice  a  day. 

For  the  details  of  other  exercises,  such  as  Sayre's  swing  exercise 
and  Schmid's  exercise,  we  must  refer  to  special  works  on  the  subject, 
In  both  of  these  exercises  direct  force  is  exerted  upon  the  spinal  column 
by  means  of  a  head-piece. 

Supports — All  rigid  supports,  such  as  Sayre's  and  poroplastic  felt- 
jackets,  as  well  as  the  elaborate  ones  of  leather  and  steel  manufactured 
by  every  instrument-maker,  should  be  reserved  solely  for  incurable 
cases — that  is,  cases  that  are  too  far  advanced  to  admit  of  being  again 
made  "  straight."  and  in  whom,  even  if  the  tendency  is  not  to  gel 
worse,  there  are  the  various  symptoms  dependent  upon  compressed 
viscera.  For  all  cases  under  treatment  with  a  view  lo  improvement, 
no  further  support  is  required  than  that  given  by  specially  made  cor- 
sets. There  are,  however,  special  points  in  their  construction  which 
alone  can  make  them  perfect.  They  should  reach  low  down  over  the 
hips,  so  that  a  pelvic  strap  which  forms  part  of  the  corset  may  get  a 
firm  grip  round  the  pelvis,  and  thus  supply  a  point  d'appui  for  the 
steels  passing  upward ;  and  .secondly,  the  springs  should  be  made  of 
thin  metal  and  suitably  sprung,  so  that  without  taking  from  the  patient 
the  necessity  of  using  her  own  muscles,  they  give  just  enough  elastic 
support  to  ease  that  extra  muscle-strain  which  these  patients  are  so 
ill  able  to  bear. 


CHAPTER   XXVI. 
SURGERY  OF  THE  PERIPHERAL  NERVES. 


For  mrotmnlioii  upon  the  eliology.  symptom!',  and  Ireatinrnt  or  tho^e  lesions  of  tht 
peripheral  nerves  which  are  not  striclly  sm^ienl,  thu  reader  U  referred  Ir.  slarulard  woriii 
upon  Neunilugiy.  In  the  pre&ent  chapter  only  Ihose  Co nsideia lions  which  are  of  dirKI 
surgical  importance  are  discuswii, 

TOUNDS   AND   INJURIES   OF   NERVES. 

Contusions. — Traumatic  lesions  of  nerves  range  in  severity  from 
slight  contusions  to  complete  destruction. 

Disturbances  of  function  may  result  from  contusions,  stretchings,  or 
pressures.  They  vary  from  the  numbness,  tinghng,  and  motor  paralysis 
of  a  few  moments'  duration  to  entire  loss  of  motor  and  sensory  func- 
tions, which  may  require  months  or  even  years  for  complete  restora- 
tion.    In  some  instances,  indeed,  the  impairment  is  permanent. 

Contusions  usually  affect  those  nerves  which  lie  in  close  contact 
with  bones,  or  which  are  separated  from  the  skin  merely  by  thin  tissues 
or  fibrous  aponeuroses — the  ulnar  at  the  internal  condyle,  the  anterior 
tibial  at  the  head  of  the  fibula,  the  musculospiral  behind  the  humerus. 
Nerves  more  deeply  placed  may  share  in  the  general  bruising  which 
affects  thick  soft  parts,  as  in  crushing  of  the  thigh  and  of  the  upper  arm, 
but  nerves  thus  placed  are  injured  only  with  difficulty.  At  the  Massa- 
chusetts General  Hospital  one  case  has  been  observed  in  which  the 
nerve  retained  its  function  after  the  upper  arm  had  been  run  over  by  a 
freight  car.  Nothing  was  preserved  except  the  nerves,  blood-vessels, 
and  skin.  Years  afterward  the  forearm  was  found  unimpaired  in  nerve- 
force,  though  the  middle  of  the  upper  arm  was  without  bone  or  muscle. 

The  brachial  plexus  is  not  infrequently  the  seat  of  direct  violence 
from  dislocations  of  the  head  of  the  humerus  and  from  other  injuries 
that  stretch  the  plexus  and  bruise  it  against  the  clavicle. 

Contusions  may  cause  a  local  irritation  of  the  nerve,  which  at  times 
results  in  a  local  neuritis.     The  nerve  becomes  swollen  and  congested. 

The  symptoms  of  contusion  come  on  immediately,  and  are  the 
effects  of  the  initial  violence.  At  first  there  may  be  only  a  tingling 
sensation  along  the  course  of  the  nerve,  with  more  or  less  pain.  A 
sensation  of  heat  is  often  felt  at  the  peripheral  di.stribution  of  the  nerve. 
These  symptoms  may  be  followed  by  complete  sensory  and  motor 
paralysis.  When  the  results  of  pressure  upon  the  brachial  plexus 
appear  gradually,  they  are  probably  owing  to  the  secondarj'  and  pro- 
longed pressure  of  the  dislocated  bone  rather  than  to  the  immediate 
brui.sing. 

Paralysis  of  the  circumflex  nerve  from  falls  upon  the  shoulder  is 
often  observed — frequently  associated  with  impairment  of  the  motion] 
of  the  shoulder,  especially  of  rotation.     In  Uiese  cases  it  is  hard  to 
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Musculo^piral 
nrrvc  as  it  appenrcd  in  a  case 
of  paralv;i&  From  contusion  and 
pressure  bfiwcen  the  humcnis 
and  Ihe  lendin  of  the  triceps 
{from  specimen  supplied  by  E. 
W.  Tavlori. 


how  a  nerve  can  be  contused  when  so  deeply  placed  as  the  circumflex, 
fully  protected  as  it  is  by  the  deltoid. 

Treatment. — Contusions  usually  result  in  recovery  even  after  com- 
plete paralysis.  Convalescence  is  hastened  by  the  use  of  electrical 
stimulation  and  massage.  Should  the  paral- 
ysis persist  after  reasonable  efforts  at  pallia- 
tive treatment  and  reasonable  time  for  spon- 
taneous recovery,  the  nerve  should  be  ex- 
posed and  its  exact  condition  determined. 

Pressure. — Pressure  long  continued  will 
produce  a  paralysis  more  or  less  complete. 
The  pressure  may  be  of  one  or  two  hours' 
or  of  months'  duration.  Examples  of  the 
former  are  seen  in  the  effects  of  the  appli- 
cation of  tourniquets,  cords,  bandages,  and 
of  sleeping  on  the  arm  ;  of  the  latter,  in  the 
encroachment  of  neoplasms,  calluses,  and 
displaced  fragments  of  bone. 

The  musculospiral  is  especially  liable  to 
pressure  between  the  lower  end  of  the  hu- 
merus and  the  flat  tendon  of  tlie  triceps. 
Occasionally  the  nerve  is  caught  and  com- 
pressed between  the  ends  of  a  broken  bone. 
Paraly.sis  of  the  musculospiral  nerve,  from  its 
position  close  to  the  humerus,  illustrates  also 
the  danger  attending  the  use  of  the  elastic 
tourniquet  in  bloodless  distal  operations.  Such  a  mishap,  though  its 
effects  are  but  temporary,  is  peculiarly  disquieting,  and  makes  inadvis- 
able the  prolonged  use  of  a  tightly  applied  elastic  tourniquet. 

A  rare  form  of  paralysis,  probably  caused  by  pressure,  though 
possibly  by  stretching,  is  that  of  the  brachial  plexus  during  opera- 
tions upon  patients  in  the  Trendelenburg  position.  This  condition 
occurs  occasionally  after  prolonged  elevation  of  the  arms,  the  plexus 
being  pressed  against  the  head  of  the  humerus  or  under  the  surface  of 
the  clavicle,  or  held  up  against  processes  of  the  deep  cervical  fa.scia. 
The  arms  should  never  be  held  thus  in  the  Trendelenburg  position, 
but  rather  folded  over  the  chest. 

Another  paralysis  is  sometimes  seen  after  the  arm  has  hung  over 
the  edge  of  the  table  during  a  prolonged  operation.  This  is  generally 
a  musculospiral  paralysis,  and  is  caused  by  the  pressure  of  the  arm 
against  the  sharp  edge  of  a  table. 

Another  form  of  pressure-paralysis  is  occasionally  caused  by  the 
use  of  crutches.  A  loss  of  power  is  noticed  in  the  muscles  supplied 
by  the  musculospiral,  with  more  or  less  tingling  and  anesthesia  in  its 
area  of  distribution.  Those  paralyses  caused  by  a  transitory  pressure 
disappear  more  or  less  promptly  upon  the  removal  of  their  cause. 

Paralyses  occur  also  from  the  pressure  of  inflammatory  exudations, 
from  the  strangling  of  surrounding  neoplasms,  as  well  as  from  direct 
compression  between  neoplasms  and  adjacent  structures  ;  as,  for  exam- 
ple, facial  paralysis  in  the  course  of  inflammations  of  the  mastoid; 

",  in  carcinoma   and   other  infiltrating   neoplasms  of  the   parotid; 
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paralysis  of  the  posterior  crico -arytenoids  from  pressure  of  thyroid  or 
mediastinal  tumors  upon  the  recurrent  laryngeal  nerves;  afTections  of 
the  intercostal  nerves  from  the  pressure  of  aneurysms. 

A  marked  surgical  interest  attaches  to  those  s>Tiiptoms  of  nerve- 
involvement  which  appear  slowly  as  the  result  of  compression  from 
cicatrices,  accidental  or  surgical  (Fig.  420).     Whether  the  manifestation 
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Fic  4*3..— Right  extetnsi  popliteal  nrr«.  showing  itivolsement  in  a  cicatrix.  Myelm  has 
disappeared,  and  the  normal  nervc'^lruclurc  hjis  bccrn  replaced  bv  a  den^e  onnectivc  tissue 
(Weigcrt.  low  power).     ^From  specimen  supplied  by  E.  W.  Tavlor.) 

be  pain  or  loss  of  power,  the  existence  of  cicatricial  tissue  in  the  course 
of  the  affected  nerve  suggests  a  probable  cause.  Such  affections,  slowly 
appearing  after  injurj'  or  operation,  unrelieved  by  palliative  treatment, 
require  surgical  exploration  to  determine  the  exact  condition  and  to 
afford  relief. 

Treatment. — Pressure-paralyses  are  usually  self-evident.  Those 
appearing  after  prolonged  application  of  tourniquets  or  after  unusual 
positions  are  so  clearly  the  result  of  a  pre.ssure  already  relieved  that 
proper  measures  of  treatment  do  not  require  a  consideration  of  the 
exact  lesion.  Those  caused  directly  or  indirectly  by  a  violence  suffi- 
cient to  produce  laceration  ;  those  that  may  depend  upon  an  unrelieved 
pressure,  a.';  upon  bony  growths,  calluses,  dislocations,  entanglements 
in  contracting  scars — all  such  cases  raise  the  question  of  operative 
interference,  and  therefore  of  a  more  or  le.ss  exact  diagnosis.  For  no 
time  should  be  lost  in  palliative  treatment  if  there  is  3  solution  of  con- 
tinuity, and  none  if  there  is  an  unrelieved  pressure.  It  is  impossible  in 
all  cases,  however,  to  say  that  the  causative  lesion  no  longer  exists, 
that  the  pressure  is  relieved,  or  even  that  the  nerve  is  undivided. 
To  wait  until  the  failure  of  palliative  treatment  has  demonstrated 
the  need  of  surgery  requires  from  six  months  to  two  years.  It  is 
necessary,  therefore,  in  traumatic  cases  to  explore  early,  not  only  for 
the  foregoing  reasons,  but  for  the  reason  that  the  earlier  the 
pressure  is  removed  or  the  sooner  the  suture  is  applied,  the  better 
the  prognosis. 
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Paralyses  from  the  pressure  of  dislocated  bones  require  a  reduction 
of  the  dislocation.  If  reduction  is  impossible,  it  may  be  necessary-  to 
resect  the  bone,  esfwcially  the  dislocated  head  of  the  humerus.  Paraly- 
ses accompanying  fractures  may  require  freeing  of  the  nerve  from  an 
imprisoning  callus  or  from  compressing  fragment-ends. 

Traumatic  pressure -paralyses,  however,  usually  require  no  operative 
interference.  It  is  only  when  palliative  measures — electricity,  massage, 
showering,  strychnin — fail  after  faithful  use  for  four  to  six  or  eight 
months  (according  to  the  degree  of  paralysis)  that  the  nerve  should  be 
exposed  at  the  seat  of  injury.  Relief  of  pressure  is  all  that  is  essen- 
tial, though  one  must  be  prepared  to  find,  instead  of  a  contusion,  com- 
plete destruction  of  the  nei-ve. 

Stretchings. — That  the  stretching  of  a  nerve  is  sufficient  to  inter- 
fere with  its  functions,  particularly  motor,  has  been  demonstrated  by 
the  effects  produced  upton  muscular  spasm  by  the  stretching  of  the 
supplying  nerve;  for  example,  stretching  the  facial  nerve  for  spasm 
has  caused  a  transitory  facial  paralysis. 

The  frequency  as  well  as  the  importance  of  accidental  stretching  of 
a  nerve  is  inconsiderable,  unless  the  paralysis  noted  in  a  foregoing 
paragraph  as  occurring  after  prolonged  Trendelenburg  posture  is  owing 
to  a  stretching  of  the  brachial  plexus  rather  than  to  pressure.  Stretch- 
ing, to  be  paralyzing,  must  be  considerable;  for  example, stretching  of 
the  sciatic  for  neuralgia  rarely  causes  functional  disturbances.  More- 
over, stretching  of  the  spinal  accessory  generally  fails  to  relieve  per- 
manently the  sternomastoid  spasm.  Although  by  stretching  it  seems 
difficult  to  cause  symptoms  of  functional  disturbance,  yet  cases  do 
occur  in  which  functional  impairment  can  be  explained  in  no  other 
way.  Such,  for  instance,  is  that  following  falls  in  which  the  weight 
of  the  body  is  suddenly  thrown  upon  the  over-extended  palm.  Paral- 
ysis of  the  brachial  plexus  after  prolonged  operations  upon  patients  in 
the  Trendelenburg  position  may  possibly  be  caused  by  stretching  rather 
than  by  pressure  upon  the  clavicle.  In  paralysis  from  stretching,  sur- 
gical intervention  is  rarely  if  ever  required. 

Dislocation  of  Nerves. — Nerves  are  sometimes  thro\vn  out  of 
their  normal  positions  in  relation  to  bony  prominences.  The  ulnar,  from 
its  groove  behind  the  Internal  condyle,  is  most  frequently  dislocated, 
and  the  dislocation  is  sometimes  habitual.  The  peroneal  nerve  is  some- 
times displaced  in  fractures  of  the  tibia  (Deaver).  From  observations 
on  the  cadaver  it  has  been  shown  that  when  the  ulnar  is  freed  from  its 
bed,  flexion  of  the  elbow  dislocates  it.  Sometimes  violent  flexion  will 
tear  the  nerve  from  its  bed.'  According  to  Wharton  *  the  symptoms 
depend  upon  the  method  and  the  severity  of  the  injury — varying  from 
a  tingling  sensation  to  complete  paralysis. 

The  causes  of  dislocation  are  muscular  violence  and  direct  violence, 
and.  in  the  case  of  the  ulnar  ner\e,  fracture  of  the  internal  condyle. 

Treatment. — Most  cases  require  operative  interference  to  hold  the 
nerve  in  place;  though  sometimes  replacement,  rest,  anodynes,  and 
applications  are  sufficient  (Deaver). 

The  ulnar  nerve  is  exposed  and  replaced  in  its  normal  position,  being 

'  Deinis's  System  of  Surgery. 

*  Amer.  Jour.  Med.  Sci.,  Oct.,  1S95  ■  repuit  uf  13  cue*. 
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held  there  by  flaps  from  the  triceps  or  by  suturing  the  inner  border  of 
the  tendon  of  the  triceps  to  the  muscular  aponeurosis  of  the  flexor  group. 
Replacement  of  the  nerve  is  followed  by  disappearance  of  symptoms. 
In  no  case  has  neuritis  followed.  In  habitual  dislocations  Kolliker 
advises  deepening  the  groove  and  suturing  the  parts,  the  cicatrix 
tending  to  keep  the  nerve  in  place, 

I,aceration8,  Sections,  Crusbings. — Injuries  to  nen-es.  with 
more  or  less  complete  division  of  their  fibers,  direct  crushing  violence 
with  actual  loss  of  substance,  incised  wounds  with  partial  or  complete 
division,  are,  from  every  point  of  view,  of  the  greatest  importance. 

The  commonest  result  of  violence  applied  directly  to  the  nerve  is 
section,  partial  or  complete.  This  is  usually  caused  by  knives,  edged 
tools,  glass,  and  bullets.  The  nerves  at  the  wrist  are  those  most  com- 
monly injured  in  this  manner,  in  which  case  the  tendons  are.  as  a  rule, 
also  divided ;  less  frequently  injured  are  the  nerves  at  the  elbow,  and  in 
the  upper  arm.  the  leg,  and  the  thigh.  Rarely  other  nerves  are  wounded 
— the  facial,  especially  during  operations  upon  or  about  the  parotid, 
the  sciatic  from  falls  upon  glass,  the  pneumogastric  or  phrenic  from 
incised  or  gunshot  wounds.  The  nerve-trunk  may  be  partially  or  com- 
pletely divided.  Lacerated  wounds  of  nerves  result  from  blows  of 
great  violence  by  which  the  soft  parts  are  crushed  and  the  bones  com- 
minuted. In  such  cases  the  destruction  may  involve  a  narrow  section 
or  several  inches  of  the  nerve.  The  whole  trunk  may  be  completely 
destroyed  throughout  the  area  crushed;  it  may  be  partially  destroyed, 
a  few  fibers  remaining  intact  through  an  irregular  shreddy  mass  of 
variable  extent. 

Diagnosis. — The  condition  of  the  nerve  may  be  determined  by  direct 
examination  of  the  open  wound.  In  some  in.stances,  however,  the  skin 
is  unbroken.  Whenever  an  exact  determination  of  the  injury  by  direct 
inspection  is  impossible,  the  nerve  implicated  can  usually  be  demon- 
strated by  the  cxi.sting  paralysis,  whether  motor  or  sensorj'  or  both. 
The  muscular  groups  paralyzed  and  the  skin-areas  aflected  will  enable 
the  surgeon,  from  anatomical  knowledge,  to  arrive  at  a  correct  deduc- 
tion. The  diagnosis  as  to  the  .seat  of  the  lesion  in  a  given  nerve  will 
depend  upon  the  point  to  which  the  paralysis  of  muscular  groups  rises. 
A  paralysis  affecting  the  forearm,  but  not  the  upper  arm — for  exam- 
ple, the  extensors  of  the  wrist,  but  not  the  triceps  or  the  supinator 
longus — will  indicate  in  a  general  way  that  the  injury  is  below  the 
musculospiral  groove. 

It  may  be  impossible  without  exploration  to  discriminate  between 
contusions  and  lacerations.  Between  a  partial  and  a  complete  division 
of  fiber  the  diagnosis  is  difficult.  The  cause  of  the  injury,  the  manner 
of  its  reception,  the  extent  of  complicating  lesions,  the  completeness 
and  suddenness  of  functional  impairment  must  all  be  taken  into  con- 
sideration.     In  case  of  doubt  operative  exploration  is  indicated. 

Treatment. — In  case  the  nerve  is  found  to  be  bruised,  even  though 
severely,  but  not  divided  or  destroyed,  it  should  not  be  disturbed.  When- 
ever a  nerve  is  found  divided,  it  should  immediately  be  sutured  (.see 
Nerve-suture).  Partial  division  requires  suture  of  the  divided  portions, 
the  undivided  fibers  guiding  and  hastening  the  regenerative  process. 
When  there  is  extensive  loss  of  substance,  the  distance-suture  methods 
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are  required.  Accidental  sections  of  nerves  during  operations  should 
be  immediately  repaired.  If  the  accident  is  not  discovered  until  after 
recovery  from  the  anesthetic,  a  secondarj'  suturi;  is  imperative  as  soon 
as  practicable. 

Motor  fibers  are  sometimes  injured  by  the  avulsion  of  sensory 
nerves.  When  the  infra-orbital  nerve  is  torn  out,  for  example,  the 
motor  filaments  of  the  seventh  to  the  upper  portion  of  the  mouth  are 
often  temporarily  paralyzed.  Avulsion  of  the  third  division  of  the  fifth 
at  the  foramen  ovale,  or  removal  of  the  Gasserian  ganglion,  usually 
involves  the  motor  filaments  supplying  the  muscles  of  mastication. 

OPERATIONS   ON   NERVES. 

Nerve -suture. — All  lesions  of  nerves  producing  solution  of  con- 
tinuity require,  sooner  or  later,  suture  of  the  divided  ends.  When 
these  ends  can  be  closely  approximated,  suture  is  easy  and  satisfactory ; 
when  there  has  been  a  loss  of  an  inch  or  more,  devices  are  necessary 
by  which  the  intervening  space  may  be  bridged  over.  Simple  suture 
demands  that  the  nerve-ends  be  brought  into  accurate  apposition  and 
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Fli:.  431. — Varieties  of  netve-sulute.  Fig.  4^3. — a^,  VBrlelia  of  nerve-tuture :  y^  ^ , 

Dcrve-gnfltng  (after  WiUard). 

fastened  there.  In  recent  wounds  the  divided  ends  will  fall  into  easy 
contact;  in  healed  wounds  it  may  be  necessary  to  stretch  both  distal 
and  proximal  trunks  before  applying  suture. 

The  ends  should  first  be  carefully  trimmed  with  the  knife,  if  neces- 
sary, so  that  they  present  to  each  other  a  clean-cut  surface.  The  ends 
to  be  sutured  may  be  fitted  to  each  other  in  various  ways,  according  to 
the  shape  and  extent  of  the  lesion,  the  case  of  approximation,  and  other 
considerations  (see  Figs.  421,422).     Before  suture  is  applied  the  ilividcd 
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nerve-trunks  should  be  allowed  to  fall  into  a  position  as  natural  as  pos- 
sible, auterior  surfaces  being  brought  to  anterior,  posterior  to  posterior. 
If  the  ends  lying  naturally  in  the  wound  do  not  touch  each  other,  they 
should  be  stretched  enough  to  permit  approximation  without  undue 
tension. 

The  sutures  may  be  placed  directly  through  the  nerve-trunk,  or 

through  the  sheath  only.  If  through 
the  whole  nerve,  only  three  or  four 
sutures  arc  required.  It  has  been  demon- 
strated that  no  injurj'is  done  by  trans- 
fixing the  nerve  (see  Figs.  421—423). 
The  preferable  way  is  to  bring  the  sheaths 
together  with  numerous  fine  sutures, 
because  in  this  manner  a  verj-  perfect  and 
strong  Joint  can  be  made.     In  nerves  as 

FIG.  4a3.-Ncrve^uiure.  '^■'S'=  ^  t'^*^  musculo spiral,  ten  or  fifteen 

sutures  may  be  used ;  in  smaller  branches, 
two  or  three ;  in  the  smaller  nerves — the  facial  or  the  posterior  inter- 
osseous, for  example — a  single  suture  will  suffice. 

Many  surgeons  prefer  fine  catgut  for  suturing,  using  silk  or  chrom- 
icized  gut  only  when  the  tension  is  great.     Fine  silk  is  preferred  by 
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Fli^.  434. — Nerve  (rabbit)  fbrty-aii  days  after  leclion,  showing  almost  complrle  disappear- 
ance of  ihe  nervc-fiberi.  Deeply  Blaming  portions  are  remains  of  myelin,  not  yet  compleiely 
diainlegtated,  Tlie  nerve  is  cut  in  crosa.seciion  (Weigert.  ot.  4.  im',  (^|,  (From  specimen 
supplied  by  E.  W.  Taylor.) 

the  writer,  because  a  better  approximation  is  possible,  and  the  joint  is 
stronger.  Fine  round  needles  should  be  used  because  they  do  not  cut. 
Larger  and  stronger  suture -mate  rial  is  necessary  when  the  nerve  is 
pierced  and  but  two  or  three  sutures  used.  After  completion  of  the 
operation  the  parts  should  be  so  placed  that  the  nerve  is  relaxed  as 
far  as  possible ;  for  example,  operations  in  front  of  the  wrist  and  in 
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front  of  the  elbow  require  flexion ;  those  behind  the  wrist  and  behind 
the  elbow,  extension.  Muscular  aponeuroses  and  fascia;  should  not  be 
sutured  over  the  nerve-joint  if  thereby  pressure  is  likely  to  be  caused. 

The  method  of  peripheral  nerve-reproduction  after  suture  has 
been  beautifully  demonstrated  by  VanlaJr.' 

Vanlair  cut  ihe  fibers  of  the  intenml  popliteal  nerve  in  the  dog  it  nghl  angles  with  iheir 
couise  ;  then  sulured,  in  some  cases  bringing  the  surfaces  inio  intiiDBle  conneclion,  in  olhcn 
Bllmring  Ihem  to  remain  sepamled  by  several  uillimelers,  and  again  in  others  by  a  consid- 
erable distance.  Sublimated  silk  was  used  in  preference  In  catgut.  Ihe  latier  not  olTeiing 
sufficient  resistance  to  aiisurc  a  close  adaptation  of  the  segments.  In  performtng  distance 
.tature  the  parts  were  connected  by  a  lube  of  Netiber.  The  suturei  were  always  passed 
through  ihe  epineural  tissue  to  avoid  injuring  the  nerve-fibers,  .\fler  periods  varying  from 
eight  months  to  several  years  the  nerve  was  extirpated,  liatdetied,  and  stained,  after  which 
sections  were  made  extending  from  several  centiroelcrs  above  Ihe  section  lo  Ihe  extremity  of 
the  nerve.  The  external  popliteal  nerve  was  preserved  intact  for  purposes  of  comparison. 
The  result  of  ihcK  experiments  showed  conclusively  that  the  mode  of  reproduction  consists 
in  Ihe  dtvelopmenl  of  new  libers,  commencing  above  the  section,  pushing  through  the  cica- 
tricial tissue  at  the  point  of  apposition,  and  extending  to  the  extremity  of  the  nerve.  The 
course  of  Ihe  aew  libers  is  not  limited  by  the  nerve  sheath,  but  sections  made  above  the 
point  of  division  show  the  new  nerve^fibers  pushing  through  outside  Ihe  sheath.  Sections 
taken  at  this  point  show,  scattered  imon^  intact  nerve-libers,  cenain  tubes  coocaining  each 
perhaps  a  half-dozen  very  tine  fibers,  each  manifestly  representing  a  young  aiis.cylinder. 
These  tubes  are  known  as  "  the  tubes  of  Ranvier :"  they  seem  to  consist  of  a  membrane 
which  is  apparently  an  old  sheath  of  Schwann,  thinned  and  distended,  containing  slender 
rudimentary  axis- cylinders  embedded  in  homogeneous  protoplasm.  These  rudimentary 
□erve-Iibers  spring,  he  cunsldcrs,  from  old  axis-cylinders  by  tissiparous  ptohfeiation,  being 
put  forth  as  shoots  from  above  the  degenerated  se^nicni.  These  new  fibers  appear  lo  be 
capable  themselves  of  further  subdivision  and  proliferation,  producing  thus  new  fibers 
wiih  the  same  power  of  mullipli cation.  A  cut  7  lo  S  centimeters  (1.75  lo  j.i  inchcsj 
bejow  the  section  shows  new  libers  which  have  ncijuired  myelin -sheaths  and  a]}i>ear  as 
healthy  nerves,  though  smaller  and  varying  mute  in  si^e  than  the  corresponding  fibers  in 
the  (healthy)  external  popliteal  nerve. 

This  audior  shows  an  extremely  instructive  eross-scclion  of  B  bony  drain  used  to  connect 
two  separate  nene- segments.  Tliis  preparation  shows  an  Haversian  canal  filled  with 
nerve-libers  in  various  degrees  of  development. 

The  prognosis  in  nerve-suture  is  good  if  there  is  a  satisfactory 
approximation  without  too  great  tension.  Complete  restoration  of 
function  does  not  always  follow,  however,  and  in  some  cases  there  is 
total  failure.  Treatment  should  be  continued  for  many  months,  even 
if  there  is  at  first  little  or  no  improvement.  After  a  few  weeks'  rest 
for  thorough  healing,  the  limb  should  receive  massage,  passive  motion, 
and  electrical  stimulation. 

It  has  been  asserted  that  union  by  first  intention  after  nerve-suture 
occasionally  takes  place.  Indeed,  one  case  is  reported  in  which  com- 
plete restoration  of  function  took  place  within  the  first  twenty-four 
hours.  Rapid  recovery  after  union  of  divided  nerve-ends  suggests  the 
establishment  of  collateral  nerve-supply  rather  than  the  immediate 
transmission  of  nerve-force  through  the  recently  approximated  cut 
surfaces.  The  restoration  of  function  takes  place,  probably  in  all  cases 
(though  with  varying  speed),  through  the  successful  penetration  by 
nerve-cells  and  -bundles  of  the  cementing  tissues  between  the  united 
surfaces :  the  more  aseptic,  rapid,  and  complete  the  union,  the  earlier 
and  more  satisfactory-  the  restoration.  The  reappearance  of  sensation 
takes  place  sooner  than  that  of  motion — a  fact  that  goes  to  show  that 
the  earlier  symptoms  of  functional  recovery  may  be  owing  to  collateral 
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innervation,  which  is  more  easily  established  in  sensory  than  in  motor 
filaments. 

Neuroplasty. — When  the  loss  of  nerve-substance  is  so  great  that  the 
ends  cannot  be  brought  together,  the  intervening  space  may  be  bridged 
cither  by  plastic  elongations  of  the  nerve  itself,  or  by  the  use  of  catgut, 
bone  (decalcified  or  natural),  nerves  taken  from  amputated  limbs,  or 
nerves  from  animals.  The  object  to  be  attained  is  the  supplying  between 
the  separated  ends  of  a  medium  through  which  the  nerve-fibers  may  be 
guided  from  proximal  to  distal  trunks.  The  simplest  and  best  is  the 
half-division  of  one  or  both  trunks,  with  splitting  toward  and  to  within 
J  inch  of  the  gap,  the  split  ends  being  turned  upon  themselves  toward 
each  other  (Fig.  422,  g).  Small  gaps  may  be  filled  by  thus  splitting 
one  end ;  larger  ones,  by  splitting  both.  The  elongated  nerves 
may  be  joined  end  to  end  or  laterally  (Fig.  422,^).  By  means  of 
this  method  of  distance-suture  long  gaps  may  be  filled.  When 
decalcified  bone  is  used,  a  piece  sufficiently  long  is  placed  between 
cut  ends  and  fastened  there.  Nerves  transplanted  from  the  lower  the 
animals  may  be  accurately  adjusted  between  the  divided  ends  and 
sutured.  The  nerve  may  be  taken  from  a  freshly  amputated  limb, 
or  from  a  dog  or  rabbit  (Fig.  422,  /).  The  results  following  these 
methods  are,  on  the  whole,  encouraging,  though  often  unsuccessful. 
In  one  case  the  separated  ends  of  the  musculospiral  nerve  were  suc- 
cessfully approximated  by  resecting  a  portion  of  the  humerus. 

Nerve-grafting. — In  case  it  is  impossible  to  use  any  of  the  fore- 
going devices,  the  cut  nerve  should  be  grafted  upon  the  nearest  large 
nerve  (Fig.  425).  This  method  can  be  applied  only 
in  the  upper  extremity,  or  among  plexuses  where 
large  trunks  are  in  close  proximity  to  the  divided 
one.  The  field  for  the  application  is  therefore 
narrow.  Moreover,  it  is  rare  that  a  single  ner\-e 
like  the  ulnar  is  so  extensively  destroyed  that 
elongation  methods  are  impossible.  Occasionally, 
however,  it  may  be  found  that  grafting  upon  another 
nerve  is  the  only  expedient  practicable.  The  prox- 
imal and  distal  ends  of  the  affected  ner\'e  are 
trimmed  and  sutured  into  the  adjacent  nerv^e-trunk, 
the  sheath  of  which  is  first  split  and  dissected 
back  to  receive  them.  The  object  of  this  procedure 
is  to  switch  the  interrupted  nerve-stream  from  the 
proximal  trunk  to  the  selected  ner\'e.  and  thence 
to  convey  it  through  the  distal  suture  to  its  final 
distribution. 

The  prognosis  in  nerve-grafting  is  by  no  means 
hopeless,  although  the  results  will  never  equal  those 
of  simple  nerve-suture.  Cases  like  the  following, 
communicated  to  me  by  Roswell  Park,  should  encourage  renewed 
attempts  in  suitable  cases : 

■■  A  boy  of  fifteen  had  (eccived  a  gunshot  injury  two  years  prfrioDily.  A  cbu^of  small 
shol  had  !ilo*n  awgy  the  Hifl  (inn*  '■«,  ihe  ulnar  •ide  of  the  right  fore»mi  below  the  elbow, 
and  [he  ulnar  nerve  was  destroyed.  Id  the  course  of  the  next  month  contracture  ol  fieion 
occurred,  so  that  the  hand  was  drawn  10  a  right  angle  and  (he  Ei^en  were  clawed.     About 
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(nerve-graltingj. 
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cighlfen  months  aflet  injurj-  Ihc  ulnnrwat  liiw^clcd  0111  above  ihe  inner  condyle  bqiJ  grafled 
inlti  Ihe  median  above  the  elbou\  lis  lowe'  end  whs  dissected  ot;t  near  the  junction  of  the 
uppei  and  middle  ihlrdt  of  the  fureann  and  giafled  into  the  median  nerve  al  Ihis  level. 
Kather  than  divide  all  the  flesor  tendons  to  release  ihe  hand,  I  made  an  incision  over  each 
bone  a  little  below  the  middle  of  the  forearm  nnd  rejected  an  inch  from  ihe  shaft  of  each. 

"Speedy  healing  of  all  the  wounds  and  con-alidation  of  the  bone*  occurred  ;  the  hand 
wa^  in  good  position.  In  ten  dav!>  sensation  began  I0  return  lo  ihe  pans  supplied  by  ihe 
ulnar  ner*'e.  Eighteen  monlhs  lalcr  (here  was  almost  perfect  sensation  in  the  same.  The 
bov  wnles  well  and  does  cver}'thing  with  [his  hand  that  he  ever'could  dc*-'' 

Nerve -stretching  is  an  operation  applicable  to  spasmodic  affec- 
tions of  muscles — to  neuralgias,  tabes,  neuritis,  erythromelalgia,  let- 
anus,  leprosy,  perforating  ulcers,  amputation  neuromata,  bone-callus 
neuromata,  and,  as  an  alternative  procedure,  to  various  other  conditions. 

Theoretically,  nerve-stretching  may  benefit  by  .separating  adhesions 
between  the  nerve  and  surrounding  exudates  and  by  relieving  com- 
pressions, bands,  and  entangling  calluses.  It  may  in  some  unknown 
way  favorably  affect  disturbed  functions,  whether  manifested  in  periph- 
eral spasm  or  local  pain.  Stretching  elongates  the  nerve  and,  pre- 
sumably, aflects  in  some  way  the  nerve-bundles,  the  nerve-sheaths,  the 
primary  trunk,  and  possibly  the  nerve-roots.  So  far  as  definite  results 
are  obtained  in  the  separation  of  adhesions  and  the  relief  of  surround- 
ing exudates,  the  procedure  is  scientific;  so  far  as  the  results  are 
dependent  upon  elongation  per  se,  it  is  purely  empirical.  Recourse 
to  nerve-stretching  in  painful  and  incurable  affections  of  obscure  etiol- 
ogy and  pathology  is  justifiable  ;  but  its  benefits  are,  to  say  the  least, 
doubtful. 

The  nerve  to  be  stretched  is  isolated  in  accordance  with  anatomical 
principles.  It  is  lifted  from  its  place  with  the  fingers  and  stretched  in 
both  directions,  care  being  taken  not  to  break  it.  The  amount  of 
elongation  is  sometimes  considerable.  In  nerves  like  the  ulnar  or 
musculospiral  an  inch  of  elongation  is  generally  possible,  a  gap  to 
that  extent  being  easily  filled  by  stretching  and  suturing  divided  ends. 

The  sirenglh  of  Ihe  larger  nerve;  is  so  great  thai  there  is  little  danger  of  breaking  ihem 
in  ilretching.  .\ccording  to  Bowlby  (in  Treves)  Ihe  scialic  nerve  will  stand  a  strain  of  lOO 
lo  160  pounils  :  the  musculospiial.  median,  nnd  ulnar.  50  to  So  pounds  ;  other  smaller  nerves 
will  cany  ■  weigh!  of  J  lo  to  pouml*.  The  larger  nenti  will  (herefore  bear  u  stmin  fully 
>s  great  as  can  be  easily  given  them  with  the  lingers.  The  limb  can  be  lifted  from  the  table, 
for  instance,  by  the  sciatic,  when  ibe  patient  is  on  his  face.  In  exerting  traction  (he  break' 
ing  strain  should  be  home  in  mind,  especially  in  Ihe  ease  of  n  nerve  so  impoTlanI  as  the 
racial.  The  strength  of  cadaveric  nerves  is  doubtless  less  ihan  during  liie.  Moreover. 
diseased  nerves  are  often  more  friable  than  healthy  ones,  neuralgic  trifacial  irunk*  e.'peeinlly. 

Stretching  of  large  ner^'es  like  the  sciatic  mav  cause  serious  lesions  in  the  cord,  though 
in  numerout  eii>erimenls  upon  the  cadaver  il  has  been  found  by  the  writer  impos-sible  lo 
exen  any  Imclion  upon  ihe  cord  by  a  strain  suflicieni  10  break  Ihc  scialic.  -Slretching  of  the 
trifacial  trunks,  even  lo  complete  avulsion,  has  never  given  rise  to  any  intracranial  symptoms. 

An  occasional  result  after  nerve-stretching  is  temporar\-  motor 
paralysis.     This  is  seen  in  stretching  of  the  facial  nerve  for  spasm. 

Neurotomy,  nenrectomy,  and  avtllslon  are  performed  to  de- 
stroy entirely  the  functions  of  motor  and  sensory  nerves.  Simple 
division  is  usually  sufficient  to  produce  muscular  paralysis;  but  is  not 
thorough  enough  for  neuralgias,  for  which  removal  of  as  much  of  the 
nerve  as  possible  is  indicated — indeed,  complete  avulsion  in  both  direc- 
tions. In  neurotomy  the  nerve  is  exposed  and  divided;  in  neurectomy 
an  inch  or  more  is  removed ;  in  avulsion  the  nerve  is  grasjjed  with 
^L  hemostatic  forceps  and  wound  upon  the  forceps  so  as  to  separate  it 
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from  its  central  and  from  its  peripheral  attachments.  If  the  nerve  is 
grasped  too  strongly  by  the  forceps  it  is  crushed,  and  only  that  portion 
grasped  is  removed.  In  neuralgia  the  nerve  is  often  so  friable  that  but 
a  small  extent  is  destroyed  by  avulsion  (sec  Neuralgia). 


NEURALGIA. 

Neuralgias,  the  most  common  and  the  most  distressing  of  nerve- 
aflections.  demand  more  frequently  than  all  others  the  attention  of  the 
surgeon.  The  operative  measures  at  his  command  are  stretching,  cut- 
ting, and  destruction  of  more  or  less  of  the  affected  trunk  by  neurec- 
tomy and  by  avulsion. 

In  trifacial  neuralgias,  by  far  the  most  common,  a  destruction  of 
the  affected  branches -as  complete  as  possible  is  indicated,  for  milder 
measures  are  of  little  avail.  In  neuralgias  of  the  mixed  nerves,  to  save 
their  motor  functions,  stretching  is  first  advisable.  So  severe  are  some 
of  these  neuralgias,  however,  that  the  most  extensive  and  destructive 
operations  are  demanded;  such,  for  example,  as  amputation  of  a  whole 
extremity,  or  division  of  the  posterior  nerve-roots  within  the  spinal 
cord.  The  frequent  and  persistent  neuralgias  of  the  sciatic  justiij-  a 
procedure  of  even  such  doubtful  efficacy  as  nerve-stretching. 

Neurectomies  in  Trifacial  Neuralg:ia. — The  efficiency  of  neu- 
rectomies in  trifacial  neuralgias  is  well  established.  Unfortunately  the 
relief  following  this  operation  is  but  temporary.  Avulsion  of  the  main 
divisions  at  their  foramina  of  exit  gives,  as  a  rule,  but  two  years'  im- 
munity from  pain.  Destruction  of  the  offending  filament — the  inferior 
dental  or  the  infra-orbital — gives  about  the  same  period  of  relief  It 
is  only  when  the  Gasserian  ganglion  is  totally  destroyed  that  relief 
becomes  permanent,  and  the  permanence  of  even  this  relief  is  not  fully 
established. 

In  some  instances,  however,  avulsion  of  the  smaller  nerve,  to  which 
the  pain  seems  confined,  effects  a  permanent  cure.  It  seems  the  best 
plan,  therefore,  to  attack  the  external  nerves  first  affected — the  supra- 
orbital, the  infra-orbital,  the  mental,  the  buccal — in  the  hope  of  at 
least  two  years'  relief.  Renewed  pain  may  then  be  relieved  by 
deeper  operations — upon  the  inferior  dental  by  trephining  the  Jaw 
or  by  intrabuccal  dissection ;  upon  the  gustatory  within  the  mouth ; 
upon  the  infra-orbital  by  raising  the  eye  and  breaking  out  the  infra- 
orbital canal,  and  by  destruction  of  Meckel's  ganglion  by  Carnochan's 
operation.  Recurrence  after  these  operations  may  be  followed  by 
destruction  of  the  third  division  at  the  foramen  ovale,  or  the  second  at 
the  foramen  rotundum,  by  lateral  dissection  through  the  temporal  and 
sphenomaxillary  fossa  after  resection  of  the  zj'goma.  Finally,  in  obsti- 
nate and  uncontrollable  pain  the  Gasserian  ganglion  may  be  removed. 

The  gradual  approach  to  this  formidable  operation  thus  outlined 
gives  the  patient  an  almo.st  certain  immunity  of  four  or  five  years,  and 
this  with  great  safety,  and  with  the  chance  of  much  longer  immunity 
or  even  a  permanent  cure.  The  danger  in  the  peripheral  operation  is 
trivial,  the  disfigurement  slight.  Furthermore,  the  period  of  immunity 
after  so  mild  a  procedure  as  avulsion  of  the  infra-orbital  or  the  inferior 
dental  is  quite  as  long  as  that  after  avulsion  of'the  second  and  third 


NECRALCrA. 


86l 


divisions.  These  peripheral  operations,  therefore,  are  not  to  be  at  once 
abandoned  in  favor  of  dangerous  and  disfiguring  methods,  but  are 
rather  to  precede  them. 

Ncunileia^  limiied  to  the  forehesil  icquire  avulsion  of  the  supra-orbltal  and 
frontal  bmnches  uf  ihc  ophthBlmic  division.  The  supra-orbital  n<Tve  ma)~  be  isoUied  at 
the  supm-orbilal  natch  or  foramen,  the  fromal  a  little  to  its  inner  side.  The  nerve  shauld 
be  grasped  tirmly  with  ordinary  hemoslalic  forceps  and  twisted  oul  in  both  directions.  After 
the  avul.sion  of  this  and  of  other  braachet  of  the  triGaclal  (here  nwy  be  extensive  eccby- 
mo&es. 

The  infra-orbital  may  be  isolated  and  avulsed  dI  its  emergence  from  Ihe  infraorbital 
foramen  or  nl  anv  point  in  its  course  under  the  orbit.  To  expose  the  canal,  an  incision 
is  made  Blony  the  lower  edge  of  the  bony  otbii,  parallel  lo  ihe  fibers  of  ihe  oibicularis  p»l- 
pebrarutn  and  through  all  the  tissues  lo  Ihe  orbital  fat.  The  eye  is  carefuUv  lifted  bv  means 
of  a  spoon-^hapcd  >>patulB  ;  the  ihin-walted  canal  is  btoken  open  and  the  amt  destroyed. 
In  some  instance!  il  is  nol  impos.sible  lo  isolate  the  nerve  before  it  enters  the  infra-orbital 
canal,  in  the  sphenomaxillary  fossa.  Care  must  be  taken  not  to  injur?  the  infra-orbital 
artery,  for  in  one  case  at  least  death  has  followed  this  accident.  Avulsion  of  the  nerve  will 
cause  hemorrhage,  in  spile  of  every  precaution.  The  bleeding  is,  however,  only  tempoiary, 
though  it  mav  cau-^e  extensive  ecchvmoses. 

The  inferior  dental  may  be  found  by  trephining  the  lower  jaw  or  by  careful  dissect- 
ing at  the  fommcn  of  entrance.  Trephining  over  the  ascending  ramus  or  over  the  angle  is 
accomplished  after  separating  Ihe  libers  of  the  masseier.  The  sifin-incision  should  be 
hotiionial,  the  masi^iet  sepaiation  vertical.  In  one  instance  at  least  a  temporary  salivary 
tisiula  followed  a  vertical  skin-cut. 

ATulsidt)  of  the  inferior  dental,  as  well  as  of  ihe  gustatory,  may  be  perTormed  wiihin  the 
mouth.     This  method  is  desirable  and  efficacious,  but  al  Iime»  extremely  difficult.     The 


Pic.  4ii6. — Inferior  denial  and  gustatory  nerves  exposed  inside  the  mouth  (dissecting-room 
preparation,  Harvard  Medical  School  f. 

denial  fotaraen  may  be  exposed  by  an  incision  along  (he  anlerior  and  inlenial  border  of  the 
BKaiding  ramus.  Through  this  incision  careful  dissection  iMckward  will  bring  into  easy 
perception  the  sharp  spur  of  Ihe  dental  foramen  inlo  which  the  nerve  and  artery  will  be 
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found  entering^  The  gualalory  nerve  (Fig.  436)  is  exposed  by  an  incision  jusi  behind  (he 
lasl  molar  loolh.  The  nerve  emeri{iiig  from  helwcen  the  pterygoids  passes  downward,  for- 
wnrd,  and  inward  lo  ihe  longue,  lying  close  to  Ihe  last  molar  as  it  bends  toward  the  tongue, 
ll  may  be  expo»xl  also  in  ihe  floor  of  the  muulh  by  Ihe  side  of  the  tongue.  As  ii  may  be 
involved  in  cancer  uf  the  longue,  the  gu-siatory  ftequently  requires  division.  Other  occa- 
sional limited  neuralgias  may  demand  the  removal   of  single  minor  branchcs- 

The  buccal  nerve  (sensory)  may  be  exposed  by  an  incision  through  the  cheek  in  front 
of  the  cornni'id  process.  The  nerve  emerge.*  just  between  ibis  process  and  the  insertion  of 
the  temporal  muscle.  The  auric ulotem]X)rBl  branch  of  the  third  division  is  frequently  atfected 
alone,    This  tierve  accompanies  the  Icmporai  artery,  and  may  be  found  by  careful  distection. 

In  many  cases  a  small  branch  of  one  division  and  a  small  branch  of 
another  will  be  affected.  Under  tliese  circumstances  each  small  branch 
should  be  avulsed  if  the  pain  is  always  limited  to  these  branches.  Neu- 
ralgias that  shift  from  one  branch  to  another,  probably  indicating  an 
extensive  central  involvement  with  widely  separated  and  transitory 
manifestations,  demand  at  once  the  destruction  of  the  main  trunks,  or 
even  of  the  Gasserian  ganglion  itself 

These  more  extensive  operations  are  indicated  also  by  the  recur- 
rence of  pain  after  the  peripheral  neurectomie.s.  In  many  cases,  too, 
the  extent  and  the  persistence  of  the  pain  require  the  major  operation 
as  the  initial  procedure. 

Destruction  of  the  main  trunks  is  now  accomplished  by  dissection 
of  the  sphenomaxillary  fossa  through  the  temporal  region. 

Destruction  of  the  second  division  with  removal  of  Meckel's  ganglion  may  be  accom- 
plished by  Ciirnothan'  s  optrafioti,  first  undertaken  in  1856.  The  infraorbital  none  was  fol- 
lowed back  to  the  ganglion  by  trephining  the  antrum,  and  Ihe  posterior  walls  of  the  antrum, 
through  a  V-shaped  incision  under  the  orbit.  Various  modifications  of  the  operation  have 
been  practised,  the  object  of  all  being  to  reach,  with  as  little  dishgurement  as  possible,  the 
sphenomaxillary  fossa.  LUcke  made  an  incision  starting  from  a  point  just  above  the  exter- 
nal  cantbus  of  the  eye,  passing  backward,  then  downward  and  forward.  The  masseter  waa 
divided  below  the  lygoma.  and  the  lygoma  turned  back.  In  this  way  the  sphenomaxillary 
fossa  was  exposed  and  the  nerve  resected  at  the  foramen  of  exit,  lessen  cut  the  temporal 
fascia  and  turned  the  masseter  back  with  the  zvgoma.  Xussbaum  in  1^63  and  Billroth  in 
1864  reached  the  nerve  by  doing  I^ngenheck's  osteoplastic  rcseclion  of  the  superior  maxilla 
Reyher  first  tied  the  carotid  and  then  perfonned  Lossen's  operation.  Wagner  made  an 
incision  below  the  eye,  and  with  the  eye  raised  out  of  its  bed  followed  the  infra-orbftal  nerve 
back  lo  the  foramen  rotundum.  Cerster  turned  back  a  section  of  the  malar  bone,  and  in 
that  way  reached  the  sphenomaxillary  fossa. 

Exciiiun  of  the  Ihird  diviiion  of  Ihf  fifth  ncrj-f  was  first  performed  about  twenty-live  years 
ago  by  Pancoast  of  Philadelphia,  who  raised  a  cheek -flap  with  its  base  at  the  lygoma,  sawed 
thrrmgh  the  zygoma,  and  turned  it  down  with  the  masseler  muscle.  The  coronoid  process 
was  excised  and  the  temporal  muscle  turned  up.  KronUin's  operathn  was  similar,  but  his 
flap  was  turned  downward  from  the  top  of  the  zygoma,  and  the  coronoid  process  upw-anl 
with  the  temputot  muscle.  In  1SS7  or  tSSS  Sailer  made  a  larger  ilap,  with  its  base  at  the 
zygoma.  The  temporal  fascia  and  muscle  were  separated  from  their  attachments  and  turned 
down  with  the  xvgoma.  In  189!  Mixter  combined  the  two  operutions  of  neurectomv  of  the 
second  and  third  divisions  by  ei[iosing  first  one  and  then  the  other  foramen,  after  dii-iding 
the  temporal  muscle. 

CwnOChan'S  operation  may  be  employed  in  suitable  cases — cases  in  which  the  pain 
is  confined  exclusively  to  the  second  division  and  its  branches.  A  V. shaped  incision,  with 
its  apex  downward,  is  made  about  f^  inch  below  Ihe  infra-orbital  fonimen.  A  sharp-pointtd 
bistoury  is  thrust  through  the  cheek  into  the  mouth  fiom  the  apex  of  the  incision,  and 
carried  downward  through  the  cheek  to  a  point  midway  between  the  angle  of  the  moulh 
and  the  center  of  the  lip.  The  fiaps  thus  formed  are  turned,  one  upward,  another  back- 
ward, and  a  third  forward,  exposing  the  bony  anterior  surface  of  the  iwiperior  maxilla.  An 
opening,  with  its  center  a  little  below  the  infra-orbital  foramen,  and  from  t^  to  ^  of  an  inch 
in  diameter,  is  then  made  in  the  anterior  wall  with  a  trephine  or  chisel.  Next,  an  opeuiiig 
of  V  to  (-^  of  an  inch  is  made  in  the  posterior  wall.  The  groove  of  the  infra-orbital  nerve 
is  opened  from  the  antrum  and  the  nerve  followed  back  to  the  foramen  rotundum.  where  the 
second  division  is  divided  with  a  blunt-pointed  pair  of  scissors.  The  operation  is  unneces- 
Earily  disliguring,  fcl  iti  its  main  points  it  is  still  used. 
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In  view  of  the  generally  admitted  necessity  of  thoroughness  in 
operations  upon  trifacial  neuralgias,  and  especially  upon  neuralgias 
intermittently  affecting  widely  separated  filaments,  now  of  the  second 
and  now  of  the  third  divisions,  the  more  extensively  destructive  opera- 
tions seem  to  grow  in  favor.  Exposure  of  the  sphenomaxillary  fossa 
ill  avulsion  of  the  third  division  by  Lossen's  operation  was  followed  by 
Mixter's  operation  of  avulsing  both  second  and  third  divisions  through 
the  same  incision.  This  operation,  as  understood  and  performed  by  the 
author,  is  as  follows : 

'  Th<?  principal  analnmical  feature  in  Ihis  operalion  consisu  in  the  exposure  of  ihe  fora. 
men  rutundum  and  ibe  foramen  ovale  br  section  or  displacement  of  the  temponi  Tnti-'4:1e. 
The  first  step  consists  in  removol  of  Ihe  Eygnma.  A  curved  incision,  with  il-i  base  al  the 
lygoim  and  ils  conveiitj'  upward,  is  made  from  the  external  margin  of  Ihe  otiiii  10  Ihe 
lobe  of  the  eat.  The  ends  of  the  cut  musi  go  ^  inch  below  the  lygoma.  The  lygoma 
itself  is  then  sawed  in  front  and  behind,  the  cuts  being  slighll)-  Levelled  from  without 
inward,  and  care  being  taken  lo  avoid  opening  Ihe  articulation  of  Iho  lower  jaw-  To  per- 
mit salisfactoty  replacenienl,  the  fat  and  fascia  nttftched  to  the  zygoma  are  removed  with  it. 
The  zygoma,  with  Ihe  masseier  and  other  altachments,  is  novf  puited  downward,  Ihe  tem- 
poral muscle  being  thus  exposed.  If  the  operator  is  skilled  enough  in  the  subsequent 
manipulations,  he  may  omit  the  culling  of  the  temporal  muscle.  Should  he  requite  a  good 
deal  of  room,  he  may  divide  Ihe  muscle  transversely  and  follow  the  bone  directly  lo  the  fora- 
mina, being  guided  entirely  by  ihe  sense  of  touch.  The  most  desirable  method,  because  the 
least  destructive  and  Ihe  least  disfiguring,  is  that  of  leaving  everything  intact  after  culling  Ihe 
zygoma,  and  proceeding  to  the  second  division  in  front  of  Ihe  temporal  muscle,  and  then  lo  the 
third  behind  that  muscle.  The  guide  to  the  foramen  rotundum  and  the  second  division  is  a 
spur  of  the  great  wing  of  the  sphenoid ;  to  the  foramen  ovale,  ibe  baw  of  the  pterygoid 
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Pig.  ^kj. — Retractor  for  deep  operations  on  the  second  and  Iliird  divisiuna,  filth  nerve. 

I  pUte  of  the  sphenoid.  To  approach  Ihe  foramen  rotundum,  the  zygoma  is  pulled  down- 
ward, the  temporal  muscle  backward.  Retractors  of  special  construction  aid  in  exposing 
the  deep  parts  (Fig.  4!7I.  The  most  desirable  attributes  of  the  rettactors  are  sufficient 
depth,  breadth,  and  smoothness,  to  give  a  clear  view  without  lacerating  veins.  The  spur 
OD  the  great  wing  of  the  sphenoid  is  quickly  exposed.  If  prominent  and  in  the  way.  it  may 
be  chiselled  off,  care  being  taken  not  to  open  the  middle  fossa.  By  this  lime  Ihe  anterior 
field  will  be  so  bloody  that  it  must  be  packed  with  gauze.  The  retractors  ate  therefore 
shifted  to  Ihe  held  behind  the  Icoipoml  muscle.  The  chief  points  about  Ihe  foramen  ovale 
are  (I)  that  it  is  situated  at  the  base  of  the  pterygoid  plate,  and  \_l'\  that  it  is  about 
I V  inches  internal  and  a  little  posterior  to  the  anterior  margin  of  the  posterior  attachment 
of  the  lygoma.  The  index  finger  is  worked  inward  and  slightly  backward,  starting  from 
the  base  of  the  zygoma,  until  the  base  of  the  pterygoid  processes  is  reached,  where  the 
fonmea  can  be  usually  recognized  by  the  sense  of  louch   {  Fig,  428). 

In  penetrating  lo  the  foramen  ovale  the  pterygoid  muscles  may  be  disr^arded.  They 
yield  readily  to  ihe  fingers  or  lo  the  retractors;  they  are  but  slightly  injured,  and  iheir 
lunctions  arc  subsequenlty  unimpaired,  tf  ihe  lemporal  muscle  is  cut,  and  the  pleryicoids  wilh 
their  allBchments  lo  Ihe  akull  are  extensively  lacerated,  their  impairment,  as  well  as  that  of 
Ihe  temporal  muscle  itself,  is  considerable,  and  movements  of  Ihe  jaw  ate  often  limited. 
As  soon  as  Ihe  depth-  of  the  wound  arc  visible,  afier  Ihe  retractors  have  been  carcfulty  and 
deeply  placed  with  reference  to  the  jituation  of  the  foramen,  the  zygoma,  and  the  pterygoid 
bale,  the  nerve  will  often  be  visible.  Should  it  be  still  obscured,  its  position  may  be  sought 
by  repeated  thrusts  of  the  tight-angled   hook   (Fig.  419),  by  careful   searching  wilh   ihe 

l^lunt  (Uueclor,  ot  by  following  down  0  motor  filamenl  from  the  coronoid  notch,     twine- 
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limci  ihe  nerve  will  be  found  separated  into  iwo  parts  by  a  ^pur  ot  bone  close  to  ihe 
furamen. 

In  many  cases  the  application  of  the  retiacton  will  cause  rupture  of  rdiis  and  even  of 


FlC.  ^a8.— Third  division  al  foramen  w.'Ar     itmp^.rai  imisclf  dninn  forword. 

arteries,  with  free  hemorrhage.     The  lield  must  then  be  packed  with  gauie.     In  the  mean- 
time the  relraciiin  may  be  shifted  to  the  anterior  field,  which  will  bt  found  perfectly  dry. 


Kni.  429, — Nefve-liuul. 

The  second  division  will  be  found  just  in  front,  and  to  the  inner  aspeci,  of  the  base  of  the 
spur  previously  removed.      It  maybe  easily  grasped  by  means  of  a  suitable  hook  (Figs.  4J0, 
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FlC.  430. 
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Fig.  4J1. 
Figs.  430,  431. — Instruments  for  hooking  up  nerves. 


431I,  and  drawn  put  enough  for  the  application  of  strong  hemostntic  forceps,  by  means  of 
which  it  is  forcibly  anilscdi  Fig.  432I.  Tile  anterior  wound  is  again  packed  with  gouie,  and, 
it  necessary,  renewed  search  is  made  for  the  posterior  division.    The  nerve,  if  not  seen,  may  be 
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hooked  up  by  means  of  suitable  inslrumenfs  (assed  ahouL  Ihe  position  of  (he  foramen  o*ale, 
a^  demonslrated  by  the  hnger  or  the  right-angled  houk,  \N'hen  recognized,  it  should  h^ 
grasped  by  hemosralic  or  other  suitable  fotceps  and  slowly  avulsed  in  both  directions.  The 
motor  branches  of  the  third  division  should,  if  possible,  be  avoided.  As  a  matter  of  fuel, 
they  ire  always  destroyed.     The  posterior  wound  is  then  packed  with  gauze  for  heinnstasis  ; 


Fig.  433. — Operation  on  second  division,  fifth  nerve,  in  sphenomaxillary  fossae    temporaT 
muscle  drawn  backward. 


the  anterior  gauze  is  removed.  As  itoon  as  the  ooiing  has  ceased  the  ivgvma  is  slilched 
into  place  and  the  wound  closed.  If  ooiing  is  considerable,  a  eaure  wick  may  be  left  frum 
twcntV'four  lo  forty-eight  hours. 

[f  the  temporal  muscle  is  dividnl,  there  will  lie  more  twm.  and  the  nerve  will  be  more 
easily  found,  ll  will  be  necessary,  however.  lo  suture  the  muscle,  ond  (he  (tefonnily  ond 
muscular  impairment  will  be  greaEer. 

The  operation  as  described  above  i.s  at  times  very  difficult,  chiefly 
on  account  of  hemorrhage.  However  familiar  the  surgeon  may  be  with 
the  anatomy  of  the  parts,  he  will  fitid  it  tixtrcmely  useful  to  have  a 
skull  at  hand  for  reference. 

After  even  so  extensive  a  destruction  of  nerve-trunks  there  will  often 
be  for  a  day  or  two  complaint  of  pain  in  the  course  of  the  avulsed 
nerve.     This  will  soon  subside,  however,  and  relief  will  be  complete. 

Removal  of  the  Oasserian  Qanglion. — Removal  of  the  Ga.sscrian 
ganglion  should  not  be  performed  in  feeble  patients  or  in  those  suffcr- 
in-j  from  serious  diseases,  for  the  danger  of  the  procedure  is  great. 

Two  methods  are  used— that  of  Rose  and  thai  of  Krause  Hartley.  AVi^j  mrM 01/ con- 
sists in  e»posing  the  skull  deep  in  the  (empiiral  fi)s^  by  displacing  the  ivgoma  diiwiiwani 
■1  and  ettenml  to  the  foramen  ovale.  K  trephine  opening  is  made,  through  which  (he  thini 
division  is  followed  lo  the  ganglion.     Removal  of  the  ganglion  is  accampUshed  pieccmea] 
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by  roeaoB  of  suitable  instrumenls.  The  chief  objccliors  to  this  method  are  (hnl  it  is  veiy 
difiicuU  to  set  what  ih  being  done,  thnl  hemorrhage  is  liard  to  eonlrol,  and  Lhal  serioua  injuij 
may  be  caused  to  importnnl  sunclures. 

The  K'rauit-liarlhy  mrlhoii  (Fig.  433)  Consists  in  removal  of  a  portion  of  the  skull  ■■ 
the  lemporal  fossa  sufiicienlly  large  lo  permit  ihe  full  recognition  and  inlelligeni  isolalion  at 


Flo.  433. — Dissection  showing  Krause-Hanley  operation  on  Gasserian  ganglion. 


the  ganglion  and  its  technically  perfect  removal  without  injury  either  to  the  cranial  sinilKS 
or  the  motor  nerves.  The  application  of  this  method,  as  practised  by  the  author,  i^ 
as  follows  :  A  curved  incision^  with  its  convexity  upward,  is  made  above  the  zygoma 
of  the  affected  side.  A  section  of  hone  similar  in  shape  to  ihe  skin-llap.  though  some- 
what smaller,  is  next  cut  from  the  squamous  portion  of  the  temporal  and  the  greater 
wing  nf  the  sphenoid.  The  upjier  conven  portion  of  the  bone-cul  must  first  be  made  with  a 
saw,  as  in  bone-flap  exposures  of  the  motor  areas.  The  base  of  the  flap  must  then  be  broken 
by  prying  outward  and  downward-  Unless  the  basal  ntlachment  is  comparalivelv  narrow, 
the  line  of  fracture  will  he  uncertain.  It  may  break  at  the  line  de.sired,  or  it  may  extend 
far  inward  toward  the  body  of  the  sphenoid,  rupturing  the  middle  meningeal  artery  or  even 
the  cavernous  sinus.  It  is  probably  a  better  plan,  on  the  whole,  10  remove  Hrsl  a  small  but. 
Ion  with  the  circular  trephine,  anil  from  this  opening  to  separate  carefully  the  dura  and 
enlarge  sufiiciently  with  the  rougeur  forceps.  The  eitent  of  bone  to  be  removeil  will  vary  with 
Ihe  difliculiles  of  satisfflclorj'  inspection,  the  amount  of  hemorrhage,  and  the  displaceabilily 
of  the  middle  lobe.  The  base  of  the  opening  should  in  most  cases  extend  from  a  point 
just  above  the  estemal  auditory  meatus  to  the  tip  of  the  leaser  sphenoidal  wing. 

The  dura  mater  ami  brain  arc  neM  separated  from  the  middle  fossa  toward  the  tip  of  the 
petrous  bone.  In  some  instances  this  may  be  accomplished  without  opening  the  dura  ;  in 
others  the  dura  is  torn  in  all  directions.  Separation  of  Ihe  dura  may  be  brought  about  by 
means  of  The  finger,  a  blunt  instrument,  or  a  piece  of  gauze  {Tiflany).  Hemorthttgc  is 
usually  slight.  In  case  the  middle  meningeal  artery  is  injured,  it  should  be  lied  as  neat  the 
foramen  spiiiosum  as  possible.  1  n  many  instances  it  will  be  impossible  to  avoid  tearing  this 
artery,  and  very  difficult  to  tie  it.  because  it  will  be  found  deeply  placed  in  a  bony  groove, 
in  a  part  of  lis  course  at  least.  Lifting  the  dura  will  tear  Ihe  artery ;  its  position  in  its 
groove  will   prevent  ligation.      Under  these  circumstances  the  wound  must  he  packed  tern- 
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porarily  berore  proceeding  wilh  ihc  operation.  In  mme  caics  further  nmnipulntions  will  be 
impouible  bI  the  lime,  an<l  the  operation  will  require  two  stsgen.  A  general  ooze  may  be 
checked  with  gauze.  An  open  »inu.%»  compressed  wilh  (he  Angers  for  a  few  minuted,  w-ill 
u^UAlLy  cea-se  bleedjng.  Hemorrhage  may  be  ^o  abundant  and  per^islent^  however*  A^  to 
require  prolonged  gnuze  packing,  or  even  Ugaiion  of  the  eiiernat  cjxrf'tid. 

If  the  dura  cannot  be  easily  separated  from  the  middle  fossa,  if  il  is  enten^ively  torn  and 
the  brain  exposed,  further  attempts  at  separation  should  be  abandoned.  Intradural  mnnipu- 
lalions.  though  perhaps  more  dangerous  than  extradural,  have  the  advantage  of  being  intelli- 
gently directed  with  reference  to  the  chief  dangers  of  the  operation— wounding  of  the  cavern- 
ous siims,  laceration  of  the  brain,  and  wounding  of  motor  nerves  to  the  eye.  Moreover,  hjr 
Ihi&  method  (he  nerve-roots  entering  the  ganglion  mav  be  divided  between  it  and  the  puns, 
a^  Hnrsley  ha.s  demonstrated.  Kinally,  there  is  but  little  danger  of  tearing  ihe  middle 
meningeal  arlerv  near  (he  foramen  spinosum. 

As  soon  as  hemorrhage  has  ceased,  the  brain  should  be  carefully  lifted  from  the  middle 
fossa  by  means  of  a  broad,  curved  spatula  or  by  the  lingers  of  an  assistant.  In  the  intra- 
dural operation  the  ganglion  may  be  started  from  ita  bed  bv  culling  and  lifting  the  second 
an<l  third  divisions  as  ihey  enter  their  respective  foramina.  Perhaps  the  most  efficient  plan 
is  I0  divide  the  third  branch  close  to  the  foramen  ovale,  the  second  at  the  foramen  rutundutn, 
10  dissect  the  two  backward,  separating  them  from  their  attachments.  The  ophthalmic 
nerve  may  then  be  separated  from  its  contiguous  structures  and  cut  at  ihe  sphenoidal  fissure. 
This  separation  must  be  made  with  exireme  nicely,  to  avoid  injuring  the  cavernous  iinus  and 
the  motor  nenes  of  Ihe  eye.  The  adviiability  of  removing  the  ophthalmic  division  is 
questioned  on  account  of  the  trophic  changes  likely  10  follow  in  the  eye,  and  because  the 
ntst  division  is  never  affected  alone,  though  it  may  be  involved  rellexly.' 

The  molor  root  of  the  fifth  division  should  be  left  intact  if  this  can  pos.iibly  be  accom- 
plished. Tlie  distal  attachments  of  Ihe  ganglion  having  been  separated  and  Ihe  ganglion 
lifted  from  its  bed.  the  connection  wilh  the  brain  should  be  severed  close  to  the  dura  maler. 
If  the  dura  mater  has  been  -ipencd.  (he  filaments  connecting  the  ganglion  with  the  pon*  may 
be  divided,  though  this  will  destroy  the  motor  trunk.  If  there  is  oozing  after  reasonable 
delay  in  packing  in  the  depth  of  the  operative  field,  a  small  gome  wick  should  be  left  for 
twenty-four  or  forty-eight  hours.  In  some  instances  there  will  be  so  much  hemorrhage  that 
the  depths  of  the  wound  will  require  packing. 

The  immediate  dangers  of  the  operation  arise  from  hemorrhage  and  shock  ;  remote 
dangers  are  meningitis  and  superficial  abscess.  A  disagreeable,  not  unavoidable  feature 
is  the  trophic  change  liable  to  occur  in  the  eye  of  the  affected  side,  with  loss  of  sight. 

As  a  relief  from  the  distressing  pain  of  a  trifacial  neuralgia,  this 
operation  gives  better  and  more  lasting  results  than  any  other.  Because 
of  its  dangers  and  di  is  ad  vantages,  however,  it  is  justly  characterized  as 
the  "operation  of  last  resort."  According  to  Tiffany*  the  mortality 
was  24  in  108  cases — 33  per  cent. — the  chief  causes  of  death  being 
shock  (8  cases)  and  sepsis  (8  cases).  "  Relief  of  pain  certainly  follows 
temporarily,  and  somt'limes  permanently;  but  it  may  recur"  (Tiffany). 

Neuralgias  affecting  the  brachial  plexns  or  its  branches  occa- 
sionally cau-se  obstinate  and  unbearable  pain.  An  ascending  neuritis 
starting  in  a  peripheral  branch  and  finally  involving  the  brachial  plexus 
may  have  required  successively  stretching  or  avulsion  nf  the  branch 
originally  affected,  stretching  of  the  brachial  ple.xus,  amputation  of  the 
hand,  of  the  forearm,  of  the  upper  arm,  or  even  of  the  arm  at  the  shoul- 
der. According  to  Abbe,'  such  neuralgias  may  accompany  an  ascend- 
ing neuritis,  a  hemiplegia,  herpes  zoster,  and  allied  conditions,  as  well 
as  carcinomati.  They  may  start  in  the  bulbous  ends  of  nerves  or  in 
amputation  stumps.  For  the  unbearable  pain  the  affected  nerves  have 
been  stretched,  excised,  avulsed.the  extremity  amputated.  Even  these 
drastic  measures  often  fail.  As  a  last  resort  the  posterior  nerve-roots 
may  be  divided  within  the  spinal  dura. 

'  Annah  a/  Surgtry,  1896.  vol.  >ii*.,  p.  5S4. 
'  Anna/i  0/  Surgrry,  1S96,  vol,  mciv,,  p.  585. 
'  BasfiM  Sted.  and  Surg.  Jour,,  (Vt.,  1S96.  p.  JI9, 
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Abbe's'  method  of  dividing  the  posterior  nerve-root^  U  us  rolluws;  "The 

region  fmm  which  llie  ofl'tiled  nerves  nmke  iheir  cxil  from  Ihr  totd  having  been  dtiennincd. 
a  long  incision  is  made  on  one  side  of  Ihe  spinous  processes,  ihc  incision  being  cariicd 
mpidly  down  lo  the  lamiox.  The  spinous  processes  are  nexl  cul  Ihrough  at  their  base  with 
haycinel- shaped  culling  pliers,  leaving  the  interspinous  ligaments  intact,  These  processes, 
with  the  muscles  altached.  are  rtlrncted  uell  to  the  other  side.  The  lamina  are  then 
gnawed  nwoy  with  rongeur  forceps  from  the  transverse  processes  lo  the  base  of  the  spinous 
processes.  The  dura  ii  exposed  and  opened  Ihe  full  length  of  the  incision,  allowing  nboul 
2  or  3  drams  of  cerebrospinal  fluid  lo  escape.  The  coid  is  then  pulled  lo  the  side  of 
Ihe  caual,  and  the  roots  picked  up  by  a  blunt  hook.  From  'i  to  %  inch  of  nerve  is  excised. 
The  dura  is  sutured  with  line  catgut,  and  the  muscles  allowed  lo  fall  back  into  place-" 
Keen  advises  destruction  of  the  ganglion  also. 

Neoralgfla  of  the  I^wer  Extremity. — Painful  affections  of  the 
lower  extremity  may  be  treated  like  tiiose  of  the  upper  extremity.  In 
the  event  of  failure  the  distressing  symptoms  may  require  division  of 
the  posterior  ner\*e-roots  in  the  lumbar  or  the  sacral  portion  of  the  cord. 

Neuralgias  dependent  upon  injury,  upon  the  contraction  of  cicatri- 
cial tissues,  upon  entanglement  in  new  growths,  may  affect  any  sensory 
nerve.  The  surgical  treatment  is  the  same  as  that  already  outlined — 
disentanglement  from  the  exciting  cause  by  stretching,  neurectomy, 
removal  of  the  tumor  or  of  the  cicatrix. 

Neuralgias  involving  nerves  or  groups  of  nerves  other  than  those 
considered  above  are  met  with  occasionally.  The  same  principles  of 
treatment  apply  (see  Special  Nerves). 


MUSCULAR  SPASM. 

The  surgical  treatment  of  muscular  spasm  is  chiefly  that  of  spas- 
modic wry-neck.  The  etiology  of  this  obscure  affection  i.s  so  uncer- 
tain that  treatment,  in  the  absence  of  definite  indications,  must  be 
symptomatic.  Spa.'smodic  wry-neck  demands  surgical  inter\'ention 
only  when  all  rational  palliative  methods,  such  as  rest,  fixation,  mas- 
sage, gymnastics,  electricity,  and  drugs,  have  failed.  The  results 
of  operation  upon  the  spinal  accessor^'  nerve,  of  neurotomy  and  neu- 
rectomy, of  ner\'c-st retching  and  nerve-avulsion,  are  on  the  whole 
encouraging — the  more  destructive  the  operation,  the  more  lasting  the 
benefit.  Unfortunately,  the  immediate  quieting  of  the  sternoma.stoid 
and  the  trapezius — the  muscles  chiefly  affected — is  followed  in  many 
cases,  sooner  or  later,  by  spasmodic  contractions  of  the  posterior  rota- 
tors of  the  head  on  the  opposite  side.  In  the  majoritj-  of  cases,  there- 
fore, operation  upon  tlie  spinal  accessory  nerve  must  be  followed  by 
operation   upon  the  nerves  supplying  the  posterior  rotators. 

In  the  simplest  form  of  spasmodic  wrj'-neck  the  head  is  lilted  for- 
ward and  rotated  by  the  steniomastoid.  In  the  common  extension  of 
spasm  to  the  posterior  rotators  of  the  other  side  previously  mentioned, 
rotation  occurs  in  the  same  direction,  but  the  head  is  drawn  back  rather 
than  tilted  forward,  through  the  greater  power  of  the  posterior  rotators, 
which  are  also  retractors.  In  exceptional  cases  the  head  is  drawn 
directly  backward  by  the  po.'iterior  muscles  of  both  sides  acting  simul- 
taneously {retriKollis).  In  a  still  rarer  form  the  head  is  drawn  directly 
fonvard  by  the  combined  action  of  the  two  sterno mastoids.  An  occa- 
sional instance  is  seen  of  combined  action  of  the  stemomastoid  of  one 

'  Biittn  MtJ.  and  Surg.  Jeur.,  1S96,  voL  cxuv.,  p.  329. 
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side  with  the  posterior  rotators  of  the  same  side,  the  head  being  in  this 
event  drawn  directly  toward  the  shoulder.  In  many  cases  the  s{>a.sm 
can  be  controlled  by  continuous  oflbrt;  in  others  it  is  beyond  control. 
The  spasm  may  recur  constantly  and  violently  or  infrequently  and 
mildly.  Though  palliative  treatment  may  afford  relief,  many  cases 
yield  only  to  operation.  (For  the  etiology,  the  symptomatologj-,  and 
the  medical  treatment,  the  reader  is  referred  to  works  upon  Neurology,) 
The  muscles  affected  can  be  determined  by  the  position  of  the  head  and 
by  palpation  during  the  spa.sm.  The  sternomastoid  and  the  trapezius 
will  be  seen  in  spasmodic  action  of  varj'ing  frequence  and  violence. 

Operations  on  the  Spinal  Accessory  Nerve.— The  spinal  acces»Ty  ni-rvc  can 

be  tfujKj-til  bL'.si  al  the  jJt-inl  al  whkli  il  cni^ic^  the  uppcT  part  of  ihe  neck  before  enter- 
ing ihe  slcmomaitoid.  It  proceeds  dowTiwatil  and  oulward  from  the  jugular  foramen, 
and  liisf  touches  the  anterior  border  of  Ihe  slcrnomnsloid  at  a  point  about  i»  inch  01 
more  below  the  lip  ol  tbe  mastoid  process.  An  incision  (rcim  I  to  2  inches  in  length 
should  be  maJc  along  Ihe  upper  part  of  the  anterior  border  of  the  sicmomasloid.  The  dis- 
section vi  carried  directly  backward  toward  the  vertebral  bodies.  The  nerve  lies  more  or 
less  concealed  in  fascia,  but  can  usually  be  seen  if  the  dissecljou  Is  b1oodles.s.  Its  position 
may  be  felt  by  drawing  the  end  of  a  scalpel  handlr  or  Ihe  finger  nail  downward  over  its 
probable  position.  A*  the  insiramenl  or  the  nail  snaps  over  the  nerve  the  slernomasioid 
and  irapc/ias  will  contract.  Once  isolated,  it  maybe  stretched  or  divided,  resected  or 
avulsed.  The  most  satisfaelory  method  i^  to  remove  pl  least  an  inch  of  it.  The  wound 
he»U  rapidly,  and  the  inimediale  effect  of  the  operation  is  generally  favorable. 

In  many  cases  the  spasm  is  not  immediately  relieved,  though  the 
sternomastoid  and  trapezius  are  at  once  relaxed.  As  an  acce.ssory  aid 
the  head  may  be  immobilized  for  a  few  days  after  the  operation.  In 
many  cases,  however,  the  .spasm  appears  in  other  groups  of  muscles, 
usually  the  posterior  rotators  of  the  Other  side. 

Of  the  operations  upon  the  posterior  rotators,  Keen's  oper- 
ation,' ba.sed  entirely  upon  anatomical  lines,  seems  to  be  the  most 
satisfactory.     The  following  description  is  taken  from  Keen's  article: 

The  tirsi  step  in  the  operation  con«ist<i  in  a  3-inch  incision  across  the  neck,  starting  fram 
the  median  line,  at  a  level  t^  inch  below  Ihe  lobe  of  the  ear.  This  iricision  is  carried 
through  the  tmpuius  and  pu.'terinr  iiurder  of  the  splenius  capitis.  Tbe  trapezius  is  then 
dissected  free  from  the  complesus,  above  and  below,  until  the  intramuscular  aponcuro'.is, 
usually  ^  inch  below  the  incision,  is  found.  The  occipitalis  major  is  usually  found 
between  this  aponeurosis  and  the  meilian  line.  The  compleius  is  now  divided,  follow- 
ing the  occipitalis  carefully  as  a  guide.  This  nerve  is  frc«I  to  its  origin  from  the  second 
cervical  nerve.  A  section  of  the  trunk  of  the  posterior  division  of  the  second  cervical 
nerve,  between  the  occipitalis  major  and  the  spine,  is  removed  in  order  to  reach  the  filament 
from  this  r^ion  to  the  inferior  oblique  muscle.  Ne.it  is  found  the  inferior  obliijue  muscle. 
to  which  the  omfiMln  nrrti-  is  a  guide  as  it  swings  around  the  lower  border  of  iL  Above 
this  muscle  is  the  suboccipital  triangle,  in  which  the  suboccipital  nerve  will  be  found  close 
to  the  occipital  bone  and  in  close  proiimitv  to  the  vertebral  artery. 

Again  starling  from  the  occipitalis  major  and  dissecting  up  the  complexus,  the  external 
t>nnch  of  the  posterior  division  of  the  third  cervical  nerve  will  be  found  about  1  inch 
below.  This  nerve  i^  to  be  divided  close  to  the  main  trunk  and  a  piece  excised.  If  it  is 
1,  the  muscles  can  now  be  sutured  with  buried  catgut  suture*.  The  wound  is  then 
elmed. 

Il  is  not  essential,  however,  to  suture  the  divided  muscle ;  for  the  very  division  of  the 
nUKles  is  nuilc  as  important,  at  least  in  some  cases,  as  the  division  of  the  nerves.  In  one 
ice  the  writer  divided  not  only  all  the  nen'es  mentioned  above,  but  also  everv  muscle 
the  external  occipital  protuberance  to  the  stemoctnvicular  joint.  In  this  case  ■ 
perfect  cure  resulted,  although  the  spasm  had  been  excessive  and  accompanied  by  perma- 
nent shortening  of  the  whole  group,  with  marked  lateral  deformity  fthe  aulhorj. 

Other  muscular  groups  may  be  the  seat  of  spasm.  (For  the  consideration  of  these  Ihe 
reader  i»  refened  to  Special  Nerves. ) 

'  Annali  of  SurgtrVt  1S91.  vol.  xiii.,  p.  44. 
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NERVE-TUMORS. 

Keuromata,  single  or  multiple,  are  not  uncommon.  True  neuro- 
mata composed  of  nerve-tissue  are  extremely  rare,  but  have  been 
observed.  Tumors  made  up  of  other  than  ncrvc-tissuc  arc  not  infre- 
quent.  Such  neoplasms  may  be  intimately  incorporated  with  the  nerve- 


FlO.  434. — Neurama  after  ampuiaiion.  At  ihe  righl  are  nonnsl  nervc-liben  pa»ing 
inlo  a  bulbom  enlargement  containing  some  myelin-fibers  and  much  connective  ti&sue  (slajn, 
Weigtrl;  oc.  I,  obj.   i^  Leitz^.     (From  4pecimtn  supplied  bv  E,  W.  Taylor.) 

bundles  or  they  may  be  loosely  attached  to  them.    The  most  frequent 
are  the  fibromata  (Figs.  434, 435) ;  sarcomata  (Fig.  436)  and  myxomata 


Fig.  435, — Nerve-nfiiroma.  Rounded  tumors  connecied  with  the  nerve-irunks  close  to 
Iheir  cul  ends.  Man  aged  eighteen,  Aropuution  of  arm  nine  years  before.  Severe  pain. 
(Warien  Museum,  Harvard  Medical  SchooL) 
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are  occasionally  seen ;  but  carcinomata,  gliomata,  and  dcgencratioii 
cysts  are  very  rare.  In  the  multiple  neuromata  the  tissue  is  usually 
fibrous,  thoufjh  there  maybe  other  and  malignant  forms;  moreover, 
different  varieties,  benign  and  malignant,  may  exist  in  the  same  indi- 
vidual. 

The  symptoms  of  neuromata  varj-.  First  there  is  usually  pain 
along  the  course  of  the  affected  nerve.  The  nerve-functions  become 
interfered  with  and  impaired.  Anesthesia,  loss  of  power,  and  complete 
cessation  of  function,  with  trophic  changes,  may  ensue.     The  tumor 


436, — Sarcoma  of  Klatic  nerve :   fescclion.  neuroplasly ;  teslofntion  of  function  .ilrnost 
complete;  no  recurrejicc  up  lo  1B99;  scialic  nerve  excised  (Richardson). 


i.-s  painful,  sensitive,  and  moves  laterally  rather  than  longitudinally,  on 
account  of  the  nerve-attachment.s.  In  multiple  fibromata  the  brain 
and  spinal  cord,  the  cranial  and  spinal  nerve-roots,  the  ganglia,  the 
plexuses,  and  the  peripheral  trunks  may  be  more  or  less  extensively 
involved.  Widely  separated  trophic  changes,  interferences  with  nutri- 
tion, bed-sores,  and  fatal  marasmus  follow  in  more  or  less  regular 
sequence. 

Treatment. — For  single  neuromata  excision  is  the  only  rational 
treatment.  In  benign  neoplasms  thi.s  operation  may  be  delayed;  in 
malignant,  it  should  not  be  delayed.  The  impossibility  of  exact 
diagnosis  requires,  however,  exploration  at  once — of  benign  neo- 
plasms, for  the  relief  of  symptoms  that  can  be  relieved  in  no  other 
way;  of  malignant,  chiefly  to  save  life.  Benign  neoplasms  not  inti- 
mately caught  among  nerve-trunks  should  be  dissected  out  with  as 
little  injury  to  the  nerve-bundles  as  possible.  If  separation  is  impos- 
sible, the  nerves  should  be  cut  above  and  below  the  growth,  the  growth 
removed,  and  the  nerve-ends  united.  Before  cutting  the  nerve,  it  should 
be  thoroughly  stretched.  Malignant  tumors  involving  nerves  should 
be  removed  by  complete  nerve-section,  unless  their  connection  with 
ncn'c-trunks  is  such  that  thorough  dissection  is  po.ssible.  Kncapsulated 
sarcomata,  incorporated  with  important  ner\'es,  but  easily  separated 
from  the  nerve-bundles,  may  be  carefully  removed.  In  cases  of  doubt 
the  nerve  and  tumor  should  be  resected.     When  several  accessible 
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tumors  exist,  involving  one  or  more  nerves,  all  may  be  excised     Tlie 
usual  form  of  multiple  ntjiiromata  admits  of  no  surfjical  treatment, 

Balbous  nerves  in  ampulation  stumps  are  composed  chiefly  of 
fibrous  tissue,  in  which  the  nerve-bundles  may  become  compressed, 
giving  rise  to  pain.  In  some  instances  an  ascending  neuritis  may 
ioHow,  and  require  section  of  the  posterior  nerve-roots.  The  bulbous 
ends  can  generally  be  fell  in  the  amputation  stump  as  painful,  tender 
tumors.  They  should  be  dissected  out  and  excised  with  the  knife,  after 
stretching  of  the  nerve  to  which  they  are  attached.  For  the  same 
reason  that  they  first  appeared,  they  are  likely  to  recur  in  the  same 
individual.  It  is  important  in  amputating  to  avoid  including  in  the 
ligature  of  arteries  the  nerve  or  any  of  its  filaments,  especially  if  a  non- 
absorbable ligature  is  used.  Though  it  has  not  been  demonstrated 
that  compres.sion  of  a  cut  nerve-end  by  a  non-absorbable  ligature  is  a 
cause  of  bulbous  nerves,  yet  the  possibility'  of  such  causation  should 
be  borne  in  mind  and  the  contingency  avoided. 

LESIONS  OF  SPECIAL  NERVES. 

Injury  lo  (lie  olfnctory  nerve,  by  fmcture  ihrough  the  cribrifona  plate  of  the  elhrooid. 
mny  result  in  permanent  impninncnl  of  thp  senw  of  *metl. 

The  OptfC  llCrvC  may  be  compressed  bv  retrobulbar  neoplasm.^  or  by  inflammal'^ry 
piudntioiis.  Iiiipamnenl  of  siglu  m.iy  gradually  follaw  citeiiive  pressure,  the  nerve  s^uc- 
cewfully  withstanding  cxtraordinarj'  elongnlion  or  elevation.  Fracture  through  the  lesser 
wing  o(  Ihe  sphenoid  may  destroy  ciimplelely  the  functions  of  the  nerve.  Pressure  from 
orbital  tumors  and  exudates  should  be  relieved,  if  possible,  by  dissection  or  by  drainage. 
The  orbital  cavity  may  be  apjiruached  by  removal  of  the  externa!  angle  of  the  frontalbone. 
When  the  nerve  has  been  ruptured  by  fracture,  nothing  can  be  done. 

The  thirdt  fourth,  and  sixth  nerves,  from  their  course  along  the  cavernous  srnus, 
may  be  involved  in  (mtturet  of  the  tia>e  oi^  the  sphenoid;  they  may  be  compressed  by 
new  growths;  they  mny  be  wounded  during  operations  upon  the  (iasserian  ganglion. 
Accidental  wounding  of  the  nerve.s  by  operation  has  not.  however,  been  recorded.  Never- 
theless, intracranial  dissection  of  the  ganglion  ^ould  be  made  with  great  care,  to  avoid 
these  iiuportont  structures. 

AITeclions  of  the  fifth  nerve  have  already  been  considered. 

The  auditory  nerve  may  suffer  through  fractures  or  wounds  of  Ihe  petrous  portion 
of  The  temporal,  A  caso  has  recently  come  under  the  author's  observation  in  which  an 
accidental  gunshot -wound,  piercing  the  meatus,  destroyed  entirely  the  sense  of  hearing. 
Whether  this  was  owing  to  injury  to  the  structures  of  the  middle  car  it  was  impossible  to 
say.     Removal  of  the  bullet  was  not  followed  by  any  improvement  in  bearing. 

The  facial  nerve  may  be  injured  any^vhere  in  its  course  through 
the  temporal  bone.  It  is  peculiarly  liable  to  injuries  during  operations 
upon  the  face.  Facial  paralysis  following  severe  injurj-  to  the  skull 
always  suggests  a  fracture  somewhere  through  the  temporal  bone,  with 
bruising,  laceration,  or  total  destruction  of  the  nerve.  A  facial  paral- 
ysis accompanying  inflammation  of  the  middle  ear  portends  extension 
of  the  process  into  the  ma.stoid  cells,  or  at  least  pressure  of  an  exudate 
somewhere  in  the  course  of  the  nerve,  either  as  it  crosses  the  vault  of 
the  tympanum  or  in  the  mastoid  itself.  This  nerve  is  also  involved  in  cer- 
tain neoplasms  of  the  parotid,  especially  infiltrating  carcinomata.  The 
nerves,  strangled  by  the  density  of  the  growth,  may  be  found  infiltrated 
with  cancer  cells.  In  this  form  of  facial  paralysis  the  compression  comes 
on  gradually.  It  is  total,  and,  from  the  nature  of  the  surrounding  tumor, 
cannot  be  successfully  relieved;  for  it  is  essential  in  such  cases,  if  any 
attempt  is  made  at  thorough  removal,  to  take  out  the  whole  growth 


/.E^/OJVS   OF  SPECIAL   NERVES. 


873 


I 


I 

I 


IS  wide  a  margin  o{  sound  tissue  as  possible,  and  in  this  dissection 
the  nerve  is,  of  course,  sacrificed.  Acute  parotitis  may,  though  infre- 
quently, cause  facial  paralysis.  The  facial  nerve  is  perhaps  more  fre- 
quently associated  with  muscular  spasm  than  any  other,  excepting  the 
spinal  accessory.  Whether  the  nerve  merely  transmits  the  centra!  irri- 
tation, or  is  itself  the  seal  of  irritation,  cannot  be  determined  any  more 
positively  than  in  spasmodic  wry-neck. 

Treatment  of  Facial  Paralysis. — N'o  surgical  treatment  is  possible 
except  stretching  of  the  nerve.  The  nerve  is  exposed  at  the  anterior 
border  of  the  parotid  or  in  the  parotid  itself.  If  but  one  division  is 
affected,  the  nerve  may  be  sought  in  front  of  the  parotid  ;  if  the  whole 
nerve,  it  may  be  exposed  in  the  parotid  gland,  about  a  finger's  breadth 
below  the  lobule  of  the  ear.  It  may  be  exposed  behind  the  parotid, 
between  the  sternomastoid  and  the  stylomastoid  foramen,  according 
to  Bonner's  method.  By  this  method  the  resulting  scar  is  incon- 
spicuous. The  nerve  may  be  stretched  upon  the  finger  as  upon  a  bent 
hook.  It  will  bear,  po.st  mortem,  between  5  and  10  pounds;  but 
less  force  should  be   used  in  life. 

Facial  paralysis  occurring  suddenly  in  persons  of  good  health, 
usually  supposed  to  be  owing  to  the  effect  of  cold  or  exposure,  is 
probably  caused  by  pressure,  either  postural  during  sleep,-  or  from 
some  other  source. 

The  treatment  of  facial  paralysis  from  the  causes  mentioned  is  dis- 
couraging. Nothing  sut^ical  can  be  done  for  these  paralyses  depend- 
ent upon  causes  within  the  bony  canal,  unless  they  are  produced  by 
inflammatory  exudations  in  the  mastoid,  in  which  case  they  may  be 
relieved  by  trephining  and  drainage.  Paralysis  caused  by  the  constric- 
tion of  new  growths  gives  little  hope  of  relief,  unless  the  growth  is 
benign,  when  the  nerve  may  be  di.'isected  out  of  the  growth.  In  carci- 
noma such  a  method  of  relief  is  impracticable.  Tumors  that  do  not 
surround  and  constrict  the  nerve  rarely,  if  ever,  cause  trouble.  The 
commonest  tumor  of  the  parotid — the  enchondroma — may  attain  enor- 
mous size  without  affecting  the  nerve-function.  More  paralyses  result 
from  cutting  the  nerve  in  removing  these  large  growth.s  than  occur  in 
the  natural  development  of  them. 

The  facial  may  be  exposed  in  the  mastoid  by  chiselling,  in  those  rare 
instances  in  which  such  an  operation  is  desirable.  It  may  be  isolated 
at  the  styloma.stoid  foramen  and  followed  back  through  the  aqua;ductus 
Fallopii. 

The  glOSSOpharynKeal  nerve  hns  no  suigical  imporinnte,  Ihciugh  fr«[urnilY  parnlvted 
OS  ihe  tesulf  of  ilipdilictin  ;  and  liiough,  like  all  othci  nerve- siruclutcj,  it  miiy  be  injuml, 
ila  siluadon  give*  it  no  especial  surgical  inlereil. 

The  pnetimogastric  nerve  ma>'  be  inv'olved  in  neoplasms  of  the 
neck;  it  may  be  compressed  or  dislocated  by  them;  it  may  be  com- 
pressed in  deep  cervical  abscess  ;  it  may  be  divided  in  deep  woimds  of 
the  neck;  it  may  be  injured  accidentally  in  deep  operations  upon  the 
neck;  or  it  may  be  deliberately  resected  in  the  removal  of  infiltrating 
cervical  tumors.  The  symptoms  caused  by  section  of  the  vagus  vary. 
In  cases  collected  by  Park,'  dyspnea,  dysphagia,  slow  respiration  with 

'  Tram.  Am.  Surg.  Aiifc.,  »ol.  wii.,  p.  253. 
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laryngismus  and  alteration  of  voice,  reduced  respiratory  murmur  of  the 
affected  side,  asthma,  pneumonia,  eic,  were  observed.  When  both  pneu- 
mogastric  nerves  were  affected  by  the  pressure  of  tumors,  there  were 
present  lung-disturbances,  dyspnea,  depression  of  pulse,  and  ravenous 
appetite.  In  48  cases  in  which  the  nerve  was  cut.  21  died  and  27 
recovered.  In  the  fatal  cases  it  was  impossible  to  say  that  death  was 
caused  by  the  lesion  alone. 

Section  of  the  pneumogastric  does  not  necessarily  mean  death :  but 
operation  should  not  be  prolonged  after  division,  and  the  nerve  should, 
if  possible,  be  immediately  sutured.  The  pneumogastric  nerve  may  be 
exposed  by  a  longitudinal  incision  in  the  neck.  It  will  be  found  behind 
and  between  the  carotid  artery'  and  the  jugular  vein,  in  the  same  sheath 
with  them. 

Affections  of  the  recurrent  laryngeal  branch  of  the  pneumogastric 
nerve  arc  more  frequent  than  those  of  the  trunk.  This  nerve,  on  one 
or  both  sides,  is  occasionally  involved  in  tumors — malignant,  benign,  or 
aneurysmal — of  the  deep  neck,  or  of  the  mediastinum,  of  (he  esophagus, 
the  trachea,  or  the  thyroid.  It  may  be  injured  by  the  impaction  of  foreign 
bodies  in  the  esophagus,  or  compressed  by  deep  cervical  abscesses :  it 
may  be  injured  in  the  removal  of  thyroid  tumors  or  in  the  ligation  of 
the  inferior  thyroid  arteries.  Paralysis  of  the  recurrent  laryngeal  nerve 
results  in  interference  with  the  voice,  in  spasm  of  the  glottis,  and  in 
dyspnea.  Symptoms  of  recurrent  laryngeal  involvement  may  aid  in 
the  diagnosis  and  localization  of  tumors  and  foreign  bodies.  The  results 
of  such  involvement  may  produce  the  most  alarming  symptoms  of 
impeded  inspiration,  and  may  require  immediate  tracheotomy. 

The  treatment  of  laryngeal  spasm  requires  tracheotomy  or  intu- 
bation, after  relief  of  the  dyspnea  b>'  operation  upon  the  recurrent 
laryngeal  and  removal,  if  po.'^sible,  of  the  compres.sing  tumor.  In  the 
case  of  pressure  by  a  deep  cervical  abscess  or  by  a  foreign  body,  the 
abscess  should  be  oi>ened  or  the  foreign  body  removed.  In  many 
instances  the  effects  of  pressure  or  of  irritation  are  transitory ;  in  others 
they  are  permanent. 

The  Spinal  accessory  may  require  surgical  treatment  in  connec- 
tion with  spasmodic  wry-neck;  it  may  be  injured  accidentally;  it  may 
be  removed  or  resected  in  the  removal  of  tumors  deeply  situated  under 
or  beyond  the  mastoid.  The  cutting  of  this  nerve  produces  no  serious 
symptoms.  The  muscles  supplying  the  stcrnomasEoid  and  trapezius 
soon  regain  their  tone  through  collateral  branches  of  the  cervical 
plexus  or  of  the  spinal  nerves. 

The  hypoglossal    nerve   may  be   injured  l>y  ganshot^   cuts  in  the  Ihnuil,  mnd  in 

(.peralions  uikiii  iuiimaiillaiy  tiimots.  The  division  of  this  nerve  produces  ■  deviation  of 
the  lungue  to  the  side.  Il  n  removed  in  resecliona  of  the  tongue.  The  writer  hfls  removed 
portions  of  this  nerve  in  operations  upon  inliUtaling  luntors  at  the  submaiillaiy  triangle 
without  serioui  impairniciil  of  the  movements  of  the  tongue.  No  surgical  intenention  is 
necesiary  in  affections  of  this  nerve,  except  ihot  in  simple  iii«ision  of  the  nerve,  accidental 
or  inlentional.  (he  cul  end^^  may  be  nniled.  a*  descnbed  under  Nervc-sulnre. 

The  hypoglossal  nerve  may  be  eiposcd  thmugh  b  curved  rixrision  aloi^  the  lower  border 
of  the  submaxillary  iHangle.  It  will  be  fonnd,  as  il  posies  aoder  the  mylohyoid,  in  close 
relation  with   the  lingual  artery. 

Cervical  Plexus.— Of  the  cervical  plexus  the  phrenic  nerve  is 
most  important  from  the  sui^cal  point  of  view.     The  nerve  may  be 
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injured  in  operations  and  accidental  wounds  of  the  neck.  Its  position 
with  refi.Tcnce  to  the  scalenus  anticus  muscle  should  be  carefully 
borne  in  mind  in  deep  cerviciil  dissection.  The  symptoms  are  not 
usually  immediate ;  they  are  interference  with  respiration,  incessant 
coughing,  purulent  bronchitis,  congestion  of  the  lungs  and  pneumonia. 
Of  8  cases  collected  by  I'ark,'  2  recovered.  In  the  recoveries  it  is  not 
clear  that  the  phrenic  was  actually  divided.  Accidental  division  should 
be  followed  by  immediate  suture. 

Other  branches  of  tlie  cervical  ple.vus  may  be  wounded,  and  often 
are  wounded  in  dissection  of  the  neck.  They  should  be  avoided  as 
much  as  possible  in  such  dissection,  though  when  thoroughness 
requires  it,  they  may  be  freely  .sacrificed.  The  chief  objection  to  the 
cutting  of  these  nerves  is  an  anesthesia  which,  though  but  temporary, 
is  unpleasant,  and  an  occasional  neuralgia  from  entanglement  with  the 
sear. 

The  brachial  plexus  may  be  injured  by  direct  violence,  cuts, 
stabs,  by  pre.ssure  upon  the  exostosis  of  the  first  rib,  by  pressure  of  a 
cervical  rib,  by  the  pressure  of  tumors,  by  the  immediate  bruising  from 
dislocation  of  the  head  of  the  humerus,  or  fi"om  the  pressure  of  crutches. 
In  incised  wounds  the  cut  ends  of  the  cords  of  the  plexus  should  be 
united,  if  possible ;  pressure  from  tumors  or  exosto.ses  or  the  other 
causes  enumerated  should  be  relieved.  The  cords  of  the  plexus  may 
be  exposed  by  deep  dis.section  of  the  subclavian  triangle. 

The  circumflex  nerve  has  special  importance  from  the  frequent 
paralysis  of  the  deltoid  caused  by  falls  upon  the  shoulder.  Such  paral- 
yses, however,  usually  recover,  and  spontaneously.  Massage,  passive 
motion,  and  electricity  .aid  in  restoring  the  functions  of  the  nerve. 

The  musculospiral  nerve  is  most  frequently  affected  by  fractures 
of  the  shaft  of  the  humerus.  It  may  be  either  lacerated  or  contused 
at  the  time  of  the  injury,  or,  later,  may  be  caught  or  pressed  upon  in 
the  resulting  callus.  This  nerve,  more  than  any  other  in  the  body,  is 
likely  to  be  the  seat  of  serious  traumatic  lesion.  The  ner\'e  is  exposed 
by  an  oblique  incision  over  the  mu.sculospiral  groove  by  cutting  through 
the  tendon  of  the  triceps.  If  it  is  not  readily  found,  a  branch  of  the 
superior  profunda  artery  should  be  followed  up  to  the  main  trunk. 
which  will  be  found  running  parallel  to  the  nerve. 

The  musculocutaneous  nerve  may  be  injured  in  operations  about 
the  shoulder-joint  or  the  axilla,  before  it  enters  the  biceps.  Injuries  to 
this  nerve  produce  paralysis  of  the  biceps  and  the  brachiahs  anticus. 
In  venesections  of  the  median  cephalic  at  the  elbow  the  nerve  may  be 
directly  injured,  or  irritated  and  rendered  painful  by  the  pressure  from 
the  resulting  .scar. 

The  ulnar  and  median  nerves  in  the  upper  arm  are  sometimes 
divided;  sometimes  thcj- are  pressed  upon  by  tumors,  and  sometimes 
by  the  prolonged  application  of  the  elastic  tourniquet.  The  ulnar  may 
be  injured  in  e.vcisions  of  the  elbow-joint.  The  median  nerve  will  be 
found  by  an  incision  parallel  to  the  brachial  artery,  along  the  edge 
of  the  biceps  and  coracobrachialis ;  the  ulnar,  above  the  middle  of  the 
arm,  will  be  found  at  the  inner  side  of  the  brachial  artery. 

The  ulnar  nerve  at  the  wrist  is  more  commonly  injured  than  any 
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Other  nerve;  the  median  less  commonly  than  the  ulnar.  Injuries  to 
this  nerve  at  the  wrist  are  usually  the  result  of  incised  wounds  from 
accidents.  The  ulnar  nerve  is  not  infrequently  injured  in  fractures  of 
the  elbow  involving  the  internal  condyle.  Temporary  paralysis  may 
follow  long-continued  pressure  at  this  point.  It  may  be  exposed  in 
the  groove  behind  the  internal  condyle.  From  the  elbow  to  the  wrist  it 
should  be  sought  by  reference  to  its  relation  to  the  flexor  carpj  ulnaris. 

The  median  nerve  may  be  exposed  at  the  bend  of  the  elbow, 
where  it  lies  in  close  relation  to  the  brachial  artery :  between  the 
bend  of  the  elbow  and  the  middle  of  the  wrist  it  lies  between  the  super- 
ficial and  the  deep  plexus,  the  guide  to  it  at  the  wrist  being  the  tendon 
of  the  palmaris  longus.  If  that  muscle  be  absent,  it  may  be  found 
lying  superficially  among  the  flexor  tendons. 

Wounds  of  the  branches  of  the  ulnar  and  med  Ian  nerves  in  the  hand 
are  not  infrequent.  Unless  the  lesion  is  at  a  point  central  to  the  distri- 
bution of  the  muscular  branches,  no  operative  intervention  is  indicated 
In  some  instances,  however,  section  of  the  terminal  sensory  branches  may 
cause  unpleasant  symptoms  and  may  justify  suture.  Two  instances  of 
this  kind  have  come  under  the  writer's  observation  ;  both  were  relieved 
by  operation.  The  posterior  interosseous  branch  of  the  musculospiral 
may  be  injured  in  serious  lesions  of  the  elbow-joint  and  in  operations 
for  e.Kci.sion.  This  nerve  maybe  avoided  by  giving  the  supinator  bre\is 
a  wide  berth.  In  several  cases  of  fracture  of  the  lower  end  of  the 
humerus,  wrist-drop  has  been  caused  by  a  lesion  of  the  posterior  inter- 
osseous branch,  the  radial  being  uninjured. 

The  intercostal  branches  of  the  spinal  nerves  are  sometimes, 
though  rarely,  the  seat  of  neuralgias.  A  persistent  intercostal  neuralgia 
suggests  the  pressure  of  a  thoracic  aneurysm.  True  neuralgia  limited 
to  the  nerve,  not  associated  with  media.stinal  tumors,  may  justify  ex- 
cision of  the  main  trunk  of  the  aflected  nerve.  This  may  be  done  by 
an  incision  into  the  intercostal  space,  near  tlie  middle  of  which  the 
nerve  usually  lies.  The  intercostal  and  other  nerves  supplying  the 
abdominal  muscles  may  occasionally  require  stretching  or  section  for 
abdominal  spasm.  One  such  case  has  occurred  iji  the  writer's  expe- 
rience. 

The  nerves  of  the  Itunbar  plexus — the  ilio-inguinal,  ihohypo- 
gastric,  external  cutaneous,  and  gcnitocrural — have  a  passing  interest. 
Traumatic  lesions  are  usually  operative,  though  they  may  be  accidental. 
The  ilio-inguinal  or  the  iliohypogastric  may  be  compressed  by  the 
sutures  applied  in  operations  for  movable  kidney.  This  nerve  in  its 
course  passes  along  the  border  of  the  quadratus  lumborum.  In  one 
instance  at  least  the  writer  has  met  with  a  most  painful  aflection  of  this 
nen'e  from  entanglement  in  the  fixation -ligatures  of  a  nephrorrhaphy. 
The  ilio-inguinal  and  the  ilioh>'pogastric  may  also  be  injured  in  opera- 
tions about  the  inguinal  canal  and  spermatic  cord.  Neuralgia  of  the 
testicle,  in  some  in.stances,  at  least,  may  be  relieved  by  neurectomy  of 
the  ilio-inguinal  or  the  gcnitocrural  branches  to  the  scrotum  and  testis. 
Such  an  operation  should  be  tried  for  the  relief  of  pain  before  orchidcc- 
tomy  is  resorted  to. 

The  nerves  of  the  lower  extremities  may  be  the  seat  of  seri- 
ous traumatism,  accidental  or  operative.     They  may  require  the  same 
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general  principles  of  treatment  as  the  nerves  above  mentioned.  The 
anterior  crural  nerve  and  its  branches  can  be  exposed  by  a  longi- 
tndinal  incision  beginning  at  the  middle  of  Poupart's  ligament.  The 
nerve  is  external  to  the  artery,  and  breaks  up  to  supply  numerous 
muscular  branches.  The  chief  sensory  branch — the  long  saphenous 
— passes  downward  over  the  internal  condyle  of  the  femur,  and  is  dis- 
tributed over  the  inner  side  of  the  foot.  It  may  be  exposed  anywliere 
along  its  course. 

Of  the  sacral  plexus  the  sciatic  has  the  greatest 
its   being   frequently   the  seat   of    intractable    pain, 
importance  of  this  compound  nerve,   neurectomy  is 
stretching   has  frequently  been  applied.     It  may  be 
posterior  region  of  the  thigh,  just  below  the  lower  border  of  the  gluteus 
ma.\imus  (see  Nerve-stretching).     A  stretching  force  sufficient  to  lift 
the  thigh  from  the  table  may  be  applied,  the  patient  being  prone. 

The  popliteal  nerves  may  be  the  scat  of  painful  afl'ections  from  the 
pressure  of  popliteal  tumors,  especially  aneurysms.  Relief  is  obtained 
by  removal  of  the  tumor  or  by  cure  of  the  aneurjsm. 

The  anterior  tibial  may  be  injured  as  it  passes  round  the  head  of  the 
fibula,  being  there  subcutaneous.  This  nerve  may  be  exposed  by  an 
incision  through  the  sWin  at  this  point.  Further  down  it  can  be  found 
between  the  tibialis  amicus  and  the  exten.sor  longus  digrtorum.  High 
up  in  the  anterior  region  of  the  leg,  it  lies  between  the  extensor  poUicts 
and  the  tibialis  anticus. 

The  posterior  tibial  may  be  exposed  by  section  of  the  soleus  from 
its  attachments  to  the  tibia  or  fibula.  By  elevating  that  muscle  the 
nerve  will  be  found  resting  upon  the  deep  muscles  of  the  calf.  At  the 
internal  malleolus  the  posterior  tibial  ner\e  may  be  the  seat  of  trau- 
matisms, accidental  or  operative.  This  nerve  lies  posterior  to  the 
arterj-  at  this  point,  and  may  be  exposed  by  a  curved  incision  an 
inch  or  two  in  length. 

Tiie  surgery  of  the  sympathetic  system  is  limited  to  the  cer- 
vical division;  injuries  to  the  great  plexuses  in  other  parts  of  the  body, 
such  as  the  celiac,  are  beyond  surgical  intervention.  The  cervical 
sympathetic  may  be  injured  by  deep  wounds  of  the  neck  and  in  deep 
operations  upon  the  neck;  it  may  be  pressed  upon  by  tumors  or  by 
deep  cervical  abscesses.  .■\bbe '  reports  a  case  of  fibrosarcoma  of  the 
cervical  ganglia.  He  collected  43  cases  of  multiple  neuromata  in 
which  the  sympathetic  system  was   more  or  less  involved. 

The  symptoms  of  irritation  of  the  cervical  sympathetic  are  as  follows : 
The  eye-slit  increases  in  width,  the  skin  of  the  neck  and  face  is  pale 
and  cold,  the  pupils  are  dilated,  the  eyes  sunken  ;  the  sweat,  the  nasal 
secretion,  and  the  sahva  are  diminished.  Section  or  destruction  of  the 
nerve  gives  the  exact  reverse  of  these  symptoms. 

Surgery  of  the  sympathetic  at  the  present  time  has  its  widest  field 
in  operations  upon  the  cervical  ganglia  for  exophthalmic  goiter  and 
epilepsy.  These  operations  find  their  most  ardent  supporters,  however, 
among  the  French  surgeons.  Jonnesco  recommends  section  of  the 
cervical  sympathetics  in  exophthalmic  goiter,  epilepsy,  hysteria,  chorea, 
tumors  of  the  brain,  and  glaucoma. 

'  Annah  tf  Unrgcry,  1898,  vol.  xivij.,  p.  487. 
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The  cervical  ganglia  may  be  reached  through  an  incision  at  the 
posterior  border  of  the  sternocleidomastoid,  beginning  a  short  distance 
below  the  tip  of  the  mastoid.  The  ganglia  will  be  found  posterior  to 
the  great  vessels,  between  their  sheath  and  the  prevertebral  group  of 
muscles. 

For  exophthalmic  goiter  resection  of  the  nerve  or  of  one  or  both 
ganglia,  on  one  or  both  sides,  may  be  resorted  to.  For  epilepsy,  both 
the  upper  cervical  ganglia,  on  both  sides  of  the  neck,  including  the 
cords  connecting  them,  should  be  removed.  The  value  of  these  opera- 
tions has  not  yet,  however,  been  fully  demonstrated. 
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HEART  AND  PERICARDIUM. 

The  syrgery  of  the  heart  and  pericardium  is  in  an  undeveloped 
condition.  There  seems,  however,  to  be  no  a  priori  reason  why  the 
heart  and  pericardium,  especially  the  latter,  in  case  of  accident  or  dis- 
ease, should  not  be  amenable  to  surgical  treatment,  yet  rarely  has  any 
attempt  been  made  to  treat  wounds  of  the  heart. 

Here  and  there  in  the  current  literature  of  surgery  may  be  found 
carefully  reported  cases  of  direct  injury  to  the  heart  followed  by 
recovery,  and  the  deductions  from  these  cases  should  lead  surgeons  to 
bolder  methods  of  treatment  in  these  hazardous  cases.  For  example. 
in  the  index  catalogue  of  the  library  of  the  Surgeon  General's  Office. 
U.  S.  A.,  there  are  reported  32  cases  of  direct  injury  to  the  heart,  all 
of  which  lived  over  three  hours;  17  lived  over  three  days;  8  lived 
over  ten  days ;  2  lived  over  twenty-five  days ;  I  died  on  the  fifty-fifth 
day,  and  there  are  3  well-authenticated  recoveries. 

The  lesions  of  the  heart  and  pericardium  which  may  be  treated 
surgically  are  the  result  of  both  injur)'  and  disease,  and  they  comprise 
wounds  and  ruptures,  effusions  or  hemorrhages — often  resulting  in  dis- 
tention of  the  pericardium  and  pressure  on  the  heart.  Rupture  of  the 
heart  never  occurs  unless  the  heart-muscle  has  been  previously  weak- 
ened by  disease.  Traumatism  or  sudden  obstruction  of  the  coronary 
arteries  may  be  the  immediate  cau.se  of  rupture  of  the  heart  when  any 
predisposing  condition  exists.  It  is  a  calamity  usually  resulting  in 
immediate  death,  and  is  accompanied  by  intensely  severe  precordial 
pain.  In  case  the  rupture  is  a  small  one,  death  may  not  be  instan- 
taneous, and  life  may  be  prolonged  for  several  hours.  In  such  a  case 
a  diagnosis  might  be  made. 

The  following  quoled  cases  ore  of  intcrcsl  in  this  tonncclitin :  Uulchinson '  report;  ■ 
traumatic  lupiure  of  the  heart  due  lo  Ihe  kick  nl  a  horse  on  the  preconlin.  The  paticdl 
lived  four  hour*  after  the  injury,  and  at  Ihe  nuiopsy  there  waf  found  no  fniclure  of  ihe  ribs 
or  stemum,  bul  a  niplure  V(  inch  in  length  at  the  apex  of  the  right  venlricle.  Groom' 
reports  the  case  of  a  hoy  who  had  a  coniu^ion  of  ihe  chest,  who  lived  one  month  after 
the  injury  ;  and  al  the  autopsy  there  was  found  a  rupiure  of  the  wall  of  the  left  ventricle. 
No  other  circumstances  of  ihe  case  are  given.  The  fatal  result  in  cases  of  niplurc  of  the 
heart  is  due  either  to  shock,  to  an  inabiiiiy  of  [he  heart  to  contiacl  owing  to  iti  injuted 
muscle,  or  10  prcMUte  on  ihe  heart  l>y  hemorrhage  tlislending  the  [lericardium  and  prevenl- 
ing  its  expansion. 

Wounds  and  injuries  of  the  heart  and  pericardltim  occur  in 
(Connection  with  injurie- to  the  thorax.  The  most  common  arc  shot- 
|and  stab-wounds,  while  perforations  and  tears  in  the  pericardium  by  the 

'  Bril.  Mfd.  J''ur.,   1894.  vol.  ii.,  p.  14*7.       '  LaH1.fl,   1897,  vol.  i.,  p.  IloJ. 
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broken  end  of  a  rib  or  by  a  perforating  foreign  body  have  been  reported. 
The  possibility  of  a  wound  of  the  heart  or  pericardium  should  always 
be  considered  in  perforating  wounds  of  the  chest  in  the  cardiac  region. 

Rehn,'  of  Frankfon,  in  speaking  of  wounds  of  Ihe  ventricle  as  compared  with  woundi 
of  the  auricle,  states  thai  wounds  of  the  auricle  are  much  more  falal  Ifaan  those  of  the  ven- 
tricle, owing  (o  the  thinness  of  the  auricular  wall. 

The  symptoms  of  wounds  of  the  heart,  when  death  is  not  immedi- 
ate, are  profound  shock,  severe  pain,  syncope,  hemorrhage  either 
externally  or  into  the  pleural  or  pericardial  cavities,  diminution  of  the 
heart-sounds,  and  possible  enlargement  of  its  percussion  area. 

The  treatment  should  first  be  directed  to  the  relief  of  the  general 
symptoms.  The  foot  of  the  bed  should  be  raised,  the  patient  sur- 
rounded by  heaters,  ,'itimulants  administered  only  in  sufficietit  quanti- 
ties to  support  the  flagging  heart,  and  morphin  given  in  small  amounts 
repeated  frequently  enough  to  ease  the  pain.  The  question  of  opera- 
tion is  then  to  be  considered.  No  person  should  be  allowed  to  die 
from  a  wound  of  the  heart  without  an  operation  being  attempted,  when 
such  an  effort  would  give  the  slightest  possible  hope  of  a  favorable 
outcome. 

Under  light  anesthesia  a  flap  should  be  reflected  from  the  chest-wall 
over  the  wound,  and  a  sufficient  portion  of  one  or  more  ribs  resected 
to  give  access  to  the  wounded  heart.  The  pericardial  wound  should 
be  enlarged  if  necessary,  and  fine  silk  sutures  u.sed  to  close  the  heart- 
wound.  The  pericardium  should  be  irrigated  out  with  hot  sterile  salt 
solution. 

It  is  safer  not  to  suture  the  pericardium  completely,  but  to  insert 
through  the  external  wound  into  the  pericardial  cavity  a  small  wick  of 
gauze  for  drainage. 

There  have  been  several  cases  reported  of  reco\'eTy  following 
attempts  to  suture  or  to  control   hemorrhage  from  the  heart-wall. 

Spencer'  reports  a  case  of  a  man  twenty-eight  years  of  age  who  was  slabbed  through 
the  third  left  losta]  cartilage.  The  wound  wn?  packed  with  gauie.  and  the  patient  lived 
seienty -nine  days.  At  the  autopsy  there  was  found  a  scar  5  mm-  (y'j  ir-1  in  length  in  (he 
right  ventricle,  and  a  smaller  scar  on  the  inside  of  the  heart,  just  beiow  the  pulmonary 
valve. 

Ferranes'  reports  a  case  of  a  woman  who  was  slabbed,  where  the  fourth  and  fiftii  ribs 
at  their  costal  junction  were  resecleil  and  a  tampon  was  introduced  into  the  pericardium  to 
contriil  the  wound  in  iht-  heart,  Recoveii-  occurrcti.  'ITie  particulars  are  not  sufficiently 
accurate  to  he  (if  value. 

Turner '  rc[x)ri-  a  case  nf  a  child  two  year*  of  age.  where  he  cut  down  upon  a  wound  in 
the  heart,  sutured  it,  an<i  recovery  occurred.      No  tnher  ^act^  are  given. 

Rchn^  of  Frankfurt  rcpijrti  a  ease  of  knife-wound  of  Ihe  left  chest  through  ihe  fourth 
intercostal  space,  in  which  a  portion  of  the  fifth  rib  was  excised,  the  j>ericardium  opened,  and 
a  wound  IjI  centimeters  (o.6  iuchl  Kmj;  was  found  in  the  riylit  ventricle.  The  pericardiurn 
was  parked  with  iodoform  g.tuze.  The  [latient  had  an  attack  of  punilcnl  pleurilis,  but 
finallx'  completely  recoverT^l. 

William''  rr|"itl^  a  casi'  of  -t,ib -wound  where  the  (ifth  rib  was  lemporarily  resected  ;  the 
wound  in  llie  [wricardiuiii  wn-  fuund  to  he  ij  inches  long  and  the  wound  of  Ihe  heart  -f^ 
inch  long.  The  ]>eric.>rdium  was  irrigated  with  sterile  salt  solution,  and  ihe  wound  in 
llir  |Jtricanliiim  was  clo-eil  with  line  catgut  sutures.  The  extemnl  wound  was  closed  with 
suturei       The  piticnt  three  years  later  waa  well. 

I  I..111.,!.  1S17.  vol.  i.,  p.  lyoh.  '  flr,-.:  M,.i.  Jour..  1896,  vol.  it.,  p.  1129- 

'  liiiu-ru  M.Jiial.  ,/i  f/-m,i  I  -1/./.  f.\:vr..'.  vol.  li..  p.  4j8l. 

'  fliit.  M<:l-  J'ii,'\,  iSi)6.  vol.  ii..  ]>.  I-HO-  '  Lancet.  1S97,  vol-  i-,  p.  IJ06, 

•  .\.    y.  MiJ,  h\:.'.i,  18117.  vol.  li.,  pp.  437-439. 


HEART  AND   PERICARDIUM. 


88 1 


I 
I 

I 


I 


I 


Occasionally  cases  are  reported  of  wounds  of  the  left  ventricle  where 
recovery  ensued  without  suturing.     For  example: 

Doae  '  reports  ■  &liib- wound  of  [lie  lefl  renliicte.      Recovecy.      No  suluring. 

As  illustrating  a  method  of  exposure  of  the  heart  and  pericardium 
in  stab-wounds  of  the  cardiac  region,  Roberts's  article  on  the  subject 
of  Suppurative  Pericarditis,  which  was  read  before  the  American  Sur- 
gical Association  in  1897,  is  of  interest.  He  proposed  an  operation 
consisting  of  a  chondroplastic  method  of  pericardotomy.  by  a  trap-door 
excision  of  costal  cartilages,  which  avoided  injury  to  the  pleura  and 
mammary  vessels. 

An  extremely  suggestive  case  as  to  the  possibilities  of  cardiac  sur- 
gery is  the  one  reported  by  F,  C.  Shattuck  and  C.  B.  Porter '  of  cure  of 
a  purulent  pericarditis.  The  steps  of  the  operation  recommended  by 
Porter  are : 

An  incisiOD  is  la  be  madt  from  the  midttle  of  the  slemuni  outward  over  the  liflh  coiilal 
cartilage  10  its  junction  with  the  hh.  The  soft  parts  are  cleaned  from  (be  cartilage  with  a 
periosteum  elevator,  care  being  taken  not  to  wound  tlie  pleura.  The  cartilage  \%  divided 
with  bone- fore ep.'i  from  the  rib  and  the  sternum.  The  internal  mammary  aiteiy  and  vein 
are  thus  exposed,  lignted  in  iwo  places,  and  divided  between.  The  triangularis  stemi  19 
separated  from  the  sternum  and  pushed  to  the  lefl. 

K  little  careftil  dissection  with  the  director,  in  case  fnt  is  encountered,  exposes  the  peri- 
cardium, which  is  noraially  much  ihicker  than  the  pleura.  An  aspirating  neclle  should 
now  be  introduced,  if  this  has  not  been  previously  done,  in  order  to  corroborate  the  diag- 
nosis. If  confirmed,  the  knife  should  follow  the  needle.  The  incision  in  the  pericardium 
is  best  made  obliquely  downward  and  outward,  beginning  close  to  the  excised  border  of  the 
xtemum.      The  edges  of  the  pericardium  should  be  stitched  to  the  soft  parts. 

Irrigation  should  always  be  employed,  with  ihe  objcel  of  removing  any  masses  of  fibrin 
which  may  lie  at  the  bottom  of  Ihe  cavity,  and  if  there  are  ntany  such  masses,  it  sliould  be 
continued  until  the  fluid  returns  clear.  The  fluid  may  be  weak  sublimate  or  carbolic  soli|. 
tion  or  salt  solution,  according  to  the  preference  of  Ihe  operator.  The  fluid  mu^l  be  waim 
and  have  free  cxiL 

Drainage  is  liest  provided  by  two  rubber  tubes,  one  long  and  reaching  to  the  bottom  of 
the  sue  for  the  inflow,  and  a  short  tube  jusi  entering  Ihe  sac  for  the  outflow.  As  the  dis- 
charge diminishes  one  tube  mav  be  removed,  and  finally  gau/e- drainage  inserted. 

(Jne  of  the  most  interesting  cases  of  spontaneous  recovery  from  a  gunshot-wound  of  the 
heart  is  reported  by  C.  H.  Mnslin,'  of  Mobile,  Ala.  A  man  aged  ihinv-two  was  fired  al 
from  an  amhush,  and  his  left  chest  was  peiforated  by  a  38-caliber  bullet.  It  entered  the  rear 
of  the  chest,  jusi  belnw  and  to  the  outer  side  of  Ihe  angle  of  the  scapula,  at  which  (mint  il 
entered  tlie  che^l  between  the  seventh  and  eighth  ribs.  I(  paisscd  tiirough  the  entire  chest 
and  emerged  from  the  fourth  intercostal  space,  ji^  inches  froni  the  midsleinal  line.  Upcm 
this  anatomical  location  it  is  not  possible  for  the  heart  to  have  escaped  direct  pcnelralioii. 
The  patient  fully  recovered. 

Eistlsbei^'  of  Vienna  reports  b  case  where  a  purulent  pericaiditis  developed  after  « 
stab-wound  of  the  pericardium  in  a  boy  seventeen  years  of  age.  Puncture  of  the  pericar- 
dium having  been  performed  several  limes  without  relief,  an  incision  was  made,  the  cartilage 
of  the  fourth  lefl  rib  was  resected  and  the  thickened  pericardium  eiposed.  This  was  opened 
by  a  transverse  incision  4  centimeters  ( 1}  inches)  in  length,  and  j  liter*  |  2,1  quarts)  of  ■ 
leropurulenl  fluid  were  evacuated.  The  cavity  was  irrigated  out  with  warm  talicylaled 
water,  the  borders  of  the  pericardial  incision  were  stilchcii  to  those  of  the  wound,  Iwo  drain- 
•gc-tubcs  inserted,  and  complete  recovery  look  place  in  four  weeks. 

The  cases  of  traumatism  to  the  heart  are  few  in  number,  and  some 
of  the  most  instructive  cases  are  appended. 

IJalton'  of  St.  Ixiuis  reports  a  case  of  a  man,  aged  twenty-lwo,  who  had  a  wound  of 
the  pericardium.  He  wa^  seen  an  hour  after  Ihe  injury,  and  hi*  immediate  symptoms  were 
rerj  slight.      Ten   hours  lalcr  his  icmperaturc  rose  lo  Iol°  F.,  pulse  to  111.  respirations  10 

'  Pacific  Mid.  Jimr..  1895,  vol.  xiiviii.,  pp.  109-111. 

'  Heslon  Mrd.  nnd  Sury;-  Jour.  •  Tram.  Am.  Surg.  Atier.,  vol.  liii.,  p.  J73. 

*  yVieHtr  klininhf  U'oihensrhrijt,  Jan.,  1895.  *  Annals  e/ Surgrry,  Feb.,  1895, 
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40,  The  enlire  left  side  had  become  dull.  An  inci^on  8  inches  long  was  made  over  and 
parallel  willi  tile  fuutlh  tib,  and  6  inches  of  the  rib  were  excised.  The  pleura!  csvilv 
wm  found  filled  with  rlujd  and  clnKcd  blood.  There  was  a  wound  in  Ihe  pericardium  i 
inches  in  lenglh.  which  WB«  sulured  with  much  dilHcullr.  owing  10  the  rapidity  of  the  heart's 
action  (140  a  minute).      His  recoveiy  was  rapid  and  uninlemipted. 

Mark);'  of  Si.  Louis  reports  Z  cases  of  slab  wiiund  of  the  heart.  Dealh  occurred  in  Ihe 
first  CBM,  the  stab  involving  the  tight  ventricle.  The  second  cbsc  recovered  nflcr  a  stah  that 
penetrated  Ihe  left  ninth  intercostal  space,  Ihe  diaphmgm^  the  pleura,  tht  pencardium,  aud 
the  apex  of  the  heart.  The  entrance- wound  was  enlarged  under  an  anesthetic.  I,^  inches 
of  the  ninth  and  tenth  ribs  were  excised,  the  wound  being  packed  with  iodoform  gau7e, 

Lumnicicr  '  reports  5  cases  of  wounds  of  the  heart  which  are  of  a  good  deal  of  interest, 
and  he  concludes  that  the  diagnosis  of  wounds  of  the  hear!  may  be  mode  by  means  of  local 
and  general  symptoms,  of  which  the  most  important  is  compression  of  Ihe  heart.  The  signs 
consist  of  an  increase  of  the  area  of  cardiac  dulness,  splashing  sounds  synchronous  with  the 
heail-heats,  weakness  and  irregularity  of  Ihe  pulse.  U  is  obvious  from  the  cases  that  lie 
reports  that  surgical  interference  is  demanded  wherever  the  efiused  blood  compresses  Ihe 
heart. 

One  of  the  mosi  suggestive  cases  as  to  the  wisdom  of  interference  in  suspected  mpiures 
of  the  bean  is  that  of  h'lamet,'  who  reports  a  case  of  a  soldier  who,  while  attempting  to  lift 
the  (runk  of  a  Iree.  was  sei/cd  with  a  sudden  severe  pam  in  the  riglii  chcsl.  li  was  thought 
that  he  had  ruptured  a  costal  cartilage  by  the  action  of  the  pectoralis  major  muscle.  He 
was  eiamined  at  the  hospital  the  next  day.  but  no  lesion  could  be  found,  and  llie  heail 
and  respiration  were  normal.  He  walked  about  the  yard  and  fell  comfortable  during  llie 
ilay.  The  following  morning  he  suddenly  complained  of  pain  and  expired  almost  at  once. 
At  Ihe  autopsy  au  ordinary  sewing  needle  was  found  to  have  penetraled  the  chest-wa!!  in 
the  fourth  right  intercostal  space  and  was  buried  in  the  ^pericardium.  The  pericardial  cavity 
was  found  lo  be  filled  with  blood,  and  this  it  is  which  is  signiticanl  and  should  be  recognlied 
as  a  demand  for  surgical  inlerfcrence.  On  ihe  surface  of  the  right  ventricle  were  found  Iwo 
small  erosions,  one  of  which  disclosed  an  opening  into  the  cavity  of  llie  heart. 

Another  case  which  shows  (he  iraumatism  ihal  a  heart  may  receive  and  yet  recover  froro 
is  recorded  by  Cox,*  who  found  a  32-calibcr  riHe-ball  in  the  letl  ventricle  of  a  bear  which 
had  been  caught  in  a  trap.  l*he  hall  was  encysted,  and  old  pericardial  adhesions  were 
present. 

In  conclusion,  it  may  be  said  that  an  exploratory  operation  is 
advisable  in  any  case  where  a  wound  of  the  heart  or  pericardium  is 
suspected,  for  the  following  reasons:  i.  To  secure  asepsis;  2.  To 
prevent  the  outpouring  of  blood  from  a  pos.sible  wound  in  the  heart- 
muscle  into  the  pericardium,  and  by  that  means  supradistending  the 
pericardium  and  stopping  the  heart's  action. 


INJURIES  OF  THE  BLOOD-VESSELS. 

The  surgery  of  the  blood-vessels  may  be  divided  into  two  classes: 
I.  Injuries;  2.  Disvasfs. 

As  the  result  of  injury  to  a  blood-vessel  there  occur  several  forms 
of  hemorrhage.     These  are  known  as  arterial,  venous,  and  capillary. 

Hemorrhage. — a.  Arterial ;  b.  Venous  ;  c.  Capillary. 

In  order  to  understand  hemorrhage  intelligently  it  will  be  necessary 
to  recall  the  anatomy  of  the  vessels. 

All  of  the  arteries  have  di.stinct  coals;  the  internal  or  endothelial  is 
known  a.>i  the  tuiika  intima,  the  middle  muscular  coat  as  the  titnii-a 
media,  and  the  external  connective-tissue  coat  as  the  tunica  advcnlitia. 
The  two  inner  coats  are  intimately  connected,  but  together  may  be 
easily  separated  from  the  outer  one,  which  is  dense  and  firm. 

The  tunica  intima  is  a  serous  lining  continuous  throughout  the  vas- 

'  St.  Louis  Med.  Fortnighllv,  Jan,  |6.  1894. 

*  Detili(ht  mfdHintil- Zeitung,  Berlin. 

*  Arrkiva  dt  Mldtiim  tt  de  Pharmacu  Mililaires,  Paris,  Nov,,  1892. 

*  Med.  World,  Philadelphia. 
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cuUr  system.  It  has  no  vessels  and  is  composed  chiefly  of  an  epithehal 
lining  and  a  layer  of  longitudinal  elastic  fibers  and  connective  tissues. 

The  tunica  media  consists  of  two  layers — an  elastic  and  a  muscular 
coat — whose  fibers  are  arranged  in  a  circular  direction,  and  give  to  the 
artery  its  patency,  form,  and  elasticity.  The  elastic  fibers  predominate 
largely  in  the  aorta  and  its  large  branches,  while  the  muscular  fibers 
predominate  in  the  smaller  arteries. 

The  iioiica  adventitia  is  a  tough  membranous  coat  composed  mainly 
of  connective  tissue.  It  gives  to  the  arteries  their  chief  strength  and 
firmness,  and  from  it  the  inner  coats  derive  their  nerve-  and  blood- 
supply. 

Arterial  Hemorrhage. — When  the  artery  is  divided,  an  intermittent 
stream  of  bright-red  blood  spurts  from  the  proximal  end  of  the  injured 
vessel.  However,  in  case  of  partial  asphyxia  from  ether  or  other  cause 
the  blood  is  of  a  dark-red  color  like  venous  blood.  The  spurting 
stream  which  is  usually  seen  is  synchronous  with  the  heart-beat,  but  if 
the  hemorrhage  comes  from  a  deep  wound  this  spurting  is  obscured. 
This  is  also  the  case  where  severe  hemorrhage  has  occurred  or  where 
there  is  great  cardiac  weakness  from  lowering  of  the  arterial  pressure. 
Bleeding  from  large  arteries  must  be  controlled  mechanically,  while 
bleeding  from  the  smaller  arteries  usually  ceases  on  account  of  the 
retraction  of  the  vessels  within  their  sheaths  and  the  spontaneous  clot- 
ting of  the  blood. 

Venous  Hemorrhage. — When  a  vein  is  divided  there  is  a  continuous 
flow  of  dark-red  blood,  and,  unlike  arterial  hemorrhage,  the  flow  is 
greater  from  the  distal  end  of  the  severed  vessel  than  from  the  proxi- 
mal end.  Venous  hemorrhage  is  not  often  dangerous,  unless  it  occurs 
from  a  large  vein  near  the  trunk  or  from  a  large  branch  near  a  main 
vein.  Fatal  hemorrhage  occasionally  occurs  from  a  ruptured  varicose 
vein  in  the  leg,  owing  to  the  valves  in  the  vein  becoming  ineflicient 
from  dilatarion  of  the  vessel.  In  a  hemorrhage  from  a  vein  the  simple 
expedient  of  elevating  the  limb  and  applying  slight  pressure  to  the 
bleeding  point  quickly  controls  the  hemorrhage.  A  serious  danger  in 
connection  with  venous  hemorrhage  from  large  trunks,  especially  in  the 
neck,  is  the  entrance  of  air  into  the  circulation,  forming  air-emboli. 

Capillary  hemorrhaEe  differs  from  arterial  and  venous  hemorrhage 
in  that  blood  flows  from  a  large  number  of  minute  points  in  the  ti.ssues 
rather  than  from  a  single  vessel  of  considerable  size.  The  blood  seems 
to  well  up  from  the  wound  like  water  from  a  spring.  It  is  bright  red 
in  color,  and  unless  from  a  constitutional  dyscra.sia  always  ceases  spon- 
taneously from  the  coagulating  property  of  the  blood. 

Control  of  Hemorrhage.— The  blood  and  the  vessels  have  been 
provided  with  a  number  of  important  properties  for  the  control  of 
hemorrhage,  which  in  the  majority  of  cases  are  sufl!icient  to  prevent  a 
fetal  result.  These  are  coagulation  of  the  blood  and  the  formation  of 
thrombi;  retraction  and  contraction  of  the  ve.ssel-walls ;  and  the  con- 
traction and  pressure  of  the  surrounding  tissues.  After  a  serious  loss 
of  blood  there  is  cardiac  weakness  and  a  consequent  falling  off  in  the 
blood-pressure,  which  lessens  the  loss  of  blood  and  favors  coagulation. 
The  underlying  principle  in  the  control  of  all  kinds  of  surgical  hemor- 

ge  is  the  proper  application  of  pressure.     Constitutional  treatment 
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by  the  administration  of  ergot,  iron,  opium,  etc.,  to  lower  the  blood- 
pressure  and  favor  coagulation,  lowering  of  the  head  to  prevent  fatal 
syncope,  and  the  transfusion  of  a  normal  salt  solution,  are  all  valuable 
adjuvants. 

There  are  a  number  of  devices  for  controlling  hemorrhage  by  press- 
ure, many  of  which  are  always  available.  The  most  important  of  these 
are  digital  pressure .  imprm'ised  tourniquels,  or  pressure  by  a  compress  pad 
and  bandage.  Other  measures  are  packing  a  wound  with  gauze,  the 
use  of  hemostatic  forcep.s  for  temporary  compression,  torsion,  and  liga- 
tion. In  addition  to  tlicsc,  posilian,  heat.  cold,  styptics,  and  the  actual 
cautery  are  frequently  of  great  value.  The  details  for  the  ti*eatment  of 
hemorrhage  and  the  applications  of  the  various  remedial  measures  will 
be  found  in  tlie  chapter  on  Minor  Surgery. 

Rarely  in  these  days  of  antisepsis  does  a  secondary  hemorrhage 
take  place.  It  may,  however,  be  due  to  the  slipping  of  a  ligature,  to  an 
atheromatous  artery,  to  sloughing  in  a  wound  that  is  the  result  of  any 
septic  process,  or  to  gangrene.  Arterial  hemorrhage  may  be  primary 
— recurrent  within  twenly-four  hours — or  secondary,  from  any  time 
after  this  until  the  wound  in  the  vessel  is  healed. 

In  pre-anti-septic  days  secondary  hemorrhage  was  of  frequent  occur- 
rence, and  often  took  place  when  the  ligature  separated,  which  was  from 
the  twelfth  to  the  sixteenth  day.  The  treatment  of  secondary  hemor- 
rhage is  as  follows :  In  case  the  bleeding  is  confined  to  a  small  amount 
of  oozing,  packing  the  wound  with  iodoform  gauze  and  the  application 
of  a  firm  bandage  with  compression  are  usually  sufficient  for  its  control. 
If,  however,  the  hemorrhage  becomes  profuse,  an  Esmarch  tourniquet 
must  be  applied,  or  digital  pressure  made  over  the  artery,  the  wound 
opened,  and  a  ligature  applied  to  the  ends  of  the  bleeding  vessel.  In  a 
sloughing  wound  or  in  a  nearly  healed  stump  it  is  often  advisable  to 
ligate  the  vessel  in  continuity. 

Air-embolism,  or  the  entrance  of  air  into  the  circulation,  aside 
from  where  it  enters  the  uterine  sinuses,  occurs  exclusively  after  injury 
to  the  veins,  especially  tho.sc  at  the  base  of  the  neck — /.  c,  the  jugular, 
the  superior  vena  cava,  tlie  innominate,  the  subclavian,  and  the  axillary. 
The  facts  that  these  are  large  veins  with  a  stream  of  blood  running 
downward  toward  the  heart,  that  they  usually  do  not  collapse  when 
wounded,  being  held  open  by  their  attachments  to  the  surrounding 
connective  tissue  and  fascia,  and  that  when  inspiration  occurs  the  blood- 
pressure  becomes  negative  in  these  veins,  all  favor  the  entrance  of  air 
when  they  are  wounded.  The  air  rushes  in  with  a  peculiar  hissing  or 
gurgling  sound,  and  if  in  sufficient  quantities  death  is  almost  instan- 
taneous. Single  small  bubbles  of  air  are  not  necessarily  fatal,  but  may 
cause  labored  breathing  ajid  tumultuous  cardiac  action.  Death  is  due 
to  the  air  collecting  in  the  right  side  of  the  heart  and  preventing  the 
contraction  of  the  right  ventricle,  which  finally  stops  the  heart  in  dias- 
tole. 

Treatment  of  Air-embolism. — Unfortunately  the  accident  is  not 
usually  recognized  until  the  serious  condition  of  the  patient  warns  the 
surgeon  of  approaching  death.  It  more  commonly  occurs  in  a  surgical 
operation  than  in  the  case  of  an  accidental  or  a  self-inflicted  wound. 
When  a  large  vein  is  cut  it  should  be  instantly  compressed  on  the 
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cardiac  side  by  the  finger,  and  the  wound  should  be  kept  filled  with 
sterilized  water  until  the  vessel  is  ligated.  As  soon  as  the  bleeding 
vein  is  secured,  the  patient's  general  condition  should  receive  attention. 
Inhalations  of  oxygen,  forcible  expiratory  movements  by  compression 
of  the  chest,  electricity  to  the  chest  over  the  heart,  bandaging  of  the 
limbs,  and  subcutaneous  injections  of  strychnin  or  atropin  should  all  be 
tried.  Operations  in  the  vicinity  of  the  veins  in  the  lower  part  of  the 
neck  should  be  conducted  with  the  greatest  care,  and  an  assistant 
should  stand  near  at  hand,  ready  to  apply  compression  in  case  of  need. 

Wotmds  of  the  artMies  and  veins  occur  in  connection  with 
wounds  of  all  kinds  and  in  every  part  of  tlie  body,  and  give  rise  to  the 
different  varieties  of  hemorrhage  previously  enumerated.  The  first 
indication  in  these  wounds  is  to  control  the  hemorrhage  by  compres- 
sion, ligature,  or  packing. 

It  is  very  rare  that  in  an  operation  a  surgeon  will  be  called  upon  to 
suture  an  artery,  but  it  has  been  demonstrated  by  Gluck '  and  also  by 
Heidenhain  that  the  axillary  artery,  if  it  is  not  completely  divided,  may 
be  restored  in  its  continuity.  The  edges  of  the  artery  are  seized  by 
forceps,  fine  catgut  sutures  are  introduced  through  the  adventitia,  and 
the  wound  is  packed  down  to  the  sutured  vessel.  Heidenhain  exam- 
ined his  case  of  suture  of  an  artery  six  months  later  and  found  no 
evidence  of  a  traumatic  aneurysm. 

Not  infrequently  in  operations  where  large  veins  are  involved  a  sur- 
geon will  find  a  bleeding  point  on  the  wall  of  a  vein  which  requires 
repair.  This  can  be  done  by  seizing  the  bleeding  point  and  applying  a 
ligature  to  pucker  up  the  wall  of  the  vein,  and,  as  has  been  done  in 
treating  arteriovenous  aneurysms,  the  wall  of  tlie  vein  might  be  sewed 
in  on  itself  by  fine  catgut  sutures  in  tlie  axis  of  the  vessel. 

Rupture  0I  an  artery  occasionally  occurs  as  the  result  of  direct  or 
indirect  violence.  The  rupture  may  be  complete  through  all  three 
coats,  or  it  may  be  only  partial  through  one  or  more  coats  of  the 
vessel.  The  walls  of  an  artery-  may  be  torn  as  the  result  of  a  blow,  or 
the  wall  may  give  way  from  increased  blood-pressure  when  weakened 
by  atheroma.  If  an  artery  is  stretched  from  overextension,  especially 
at  the  knee-joint,  or  where  the  vessel  is  caught  against  the  bone  or 
between  the  fragments  of  a  fracture,  or  where  it  is  bruised  in  the 
reduction  of  dislocations  at  the  hip-  or  the  knee-joint,  a  rupture  may 
take  place.  Partial  rupture  of  an  artery  resulting  in  aneurysm  may 
come  on  without  apparent  violence,  as  a  sequel  to  endarteritis.  When 
rupture  occurs  in  a  large  artery  with  no  external  wound,  the  blood 
spreads  through  tlie  tissues,  forming  an  arKrial  liamitania.  and  the 
bleeding  intenially  is  controlled  only  by  the  pressure  of  the  surround- 
ing tissues.  A  large  ill-defined  swelling  forms,  giving  rise  to  great 
pain,  and,  if  it  continues,  the  limb  becomes  cold,  swollen,  numb,  and 
pulseless.  There  is  usually  no  pulsation  in  the  swelling.  The  diag- 
nosis in  these  cases  rests  frequently  between  a  ruptured  ve.sscl  and  a 
deep  abscess  and  is  oflen  verj'  obscure,  and  aspiration  may  be  necessary 
in  case  of  doubt.  If  rupture  of  a  large  blood-vessel  takes  place  into 
one  of  the  lai^e  cavities  of  the  body,  fatil  hemorrhage  is  almost  inevi- 
table. 

'  CtHtr^at. /Sr  CAimipt,  1895,  No.  49. 
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Tile  tnalinent  in  these  cases  varies  according  to  the  character  of 
tile  injury,  the  magnitude  of  the  hemorrhage,  its  location,  and  the  age 
and  condition  of  the  vessels  of  the  patient.  If  the  injury  is  of  such  a 
character  that  it  is  believed  that  a  large  vessel  has  been  torn  across,  an 
incision  should  be  made,  the  blood  evacuated,  and  the  torn  vessel 
ligated.  This  is  equally  true  if  the  hemorrhage  into  the  surrounding  parts 
is  increasing.  If,  Juiwever,  the  patient's  vessels  are  seriously  diseased 
by  endarteritis  or  atheroma,  it  may  be  difficult  to  find  a  place  to  secure 
the  artery.  General  atheroma  is  a  contra-indication  to  any  operation 
in  these  cases.  Ordinarily  the  limb  should  be  carefully  supported  on 
a  pillow,  wrapped  in  sheet-wadding  and  kept  warm,  and  watched.  If 
the  swelling  increases  there  is  danger  of  gangrene,  and  an  operation 
may  be  advisable.  Rupture  of  diseased  arteries  from  aneurysm  results 
in  nothing  different  from  simple  traumatic  rupture  unless  it  occurs  into 
one  of  the  large  cavities  of  the  body,  in  which  case  there  is  usually  a 
fatal  hemorrhage. 

Atraumatic  aneurysm  differs  from  an  arterial  hematoma  in  the 
fact  that  all  the  coats  of  the  vessel  are  not  ruptured.  The  remaining 
uninjured  coats  being  insufficient  to  withstand  the  blood-pressure,  the 
vessel  gradually  stretches  and  gives  way  at  the  weakened  point,  and 
an  aneurysmal  sac  is  formed.  The  symptoms,  treatment,  and  progress 
of  a  traumatic  aneurysm  are  identical  with  those  of  an  ordinary  aneu- 
rysm. A  traumatic  aneurysm  may  be  distinguished  from  an  arterial 
hematoma  by  its  distinct  outlines,  by  its  pukating  character,  and  by 
the  presence  of  the  normal  pulse  in  the  limb. 

Rupture  of  a  vein  often  occurs  as  the  result  of  traumatism  to  a 
varicose  vein.  When  the  rupture  is  subcutaneous  a  vetwus  hematoma 
forms,  often  of  considerable  size  and  just  beneath  the  skin.  Usually, 
however,  the  hemorrhage  ceases,  owing  to  the  low  blood -pressure  in 
the  veins,  before  the  amount  of  extravasation  becomes  dangerous. 
The  extravasated  blood  is  generally  absorbed.  Not  infrequently,  how- 
ever, owing  to  the  low  state  of  the  vitality  of  the  patient  and  the  ten- 
sion on  the  skin,  the  extravasation  is  followed  by  inflammation  and 
suppuration.  Where  this  occurs  there  is  increased  pain,  with  redness 
and  swelling.  In  such  cases,  where  it  is  clearly  determined  that  inflam- 
mation has  taken  place,  an  early  inci.sion  should  be  made,  the  blood- 
clot  turned  out,  and  the  woinid  packed  with  iodoform  gauze.  Open 
ruptures  of  the  vein  should  be  controlled  by  elevating  the  limb  and 
applying  pad-pressure  to  the  point  of  rupture,  under  antiseptic  pre- 
cautions. 

Repair  of  Arteries  and  Veins. — When  an  artery  is  divided  sub- 
cutaneously  there  is  always  a  considerable  hemorrhage,  with  a  collec- 
tion of  blood-clot  outside  and  inside  the  ruptured  ve.ssel.  If  there  is 
no  open  wound,  the  clot  gradually  becomes  absorbed  and  granulation- 
tissue  takes  its  place.  Where  the  divided  vessel  is  large  and  the 
wound  involves  only  a  part  of  its  wall,  the  granulation-tissue  eventually 
becomes  connective  tissue  and  forms  a  cicatrix.  This  cicatrix  is  seldom 
sufficiently  firm  to  withstand  the  blood-pressure,  and  an  aneurysm  is 
likely  to  form  at  the  injured  point.  When  the  artery  is  completely 
ruptured  or  when  the  vessel  is  firmly  ligated,  the  blood  in  the  injured 
ends  coagulates,  forming  what  is  known  as  a  thrombus  (see  Fig.  38, 
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page  136).  This  thrombus  extends  from  the  point  of  interruption  in 
the  vessel  in  both  directions — proximally  to  the  nearest  branch  given 
off,  and  distally  but  a  short  distance.  This  thrombus-formation  takes 
place  in  any  vessel  whenever  the  normal  integrity  of  its  epithelial  lin- 
ing is  in  any  way  impaired.  After  the  thrombu.s  is  formed,  it  undergoes 
a  change  which  consists  of  the  gradual  supplanting  of  the  thrombus 
by  cellular  infiltration,  by  the  formation  of  granulation-tissue  and  of 
blood-vessels  which  penetrate  the  thrombus  in  all  directions.  Thi.i 
finally  becomes  connective  tissue  and  completely  replaces  the  throm- 
bus. In  this  way  is  formed  the  cicatrix  which  successfully  closes  the 
vessel  (Fig.  437)-     The  replacement  of  the  thrombus  by  connective 
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Fig,  437, — Femoral  arlcry  of  man  (hrre  monlhs  after  ligature;  proilmal  end,  terminanon 
of  healing  procos.  Tht  cicalni,  composed  partly  of  miistular  cells,  w  penelmled  by  a  imall 
veuel.     Below  is  the  fibrous  tissue  which  unites  the  proximit]  lo  Ihe  distal  end  iWarren). 


tissue  is  largely  accomplished  by  a  proliferation  of  the  endothelial  cells 
of  the  intima,  and  the  time  required  for  the  completion  of  the  process 
in  the  vessel  varies  greatly  with  the  size  of  the  vessel  and  with  the 
power  of  repair  possessed  by  the  individual.  The  same  process  of 
repair  occurs  in  the  veins  as  in  the  arteries,  but  in  the  veins  thrombi 
form  more  easily  and  are  mpre  extensive  than  in  arteries. 
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DISEASES  AND  INFLAMMATORY  CHANGES  OF  THE  BLOOD-VESSELS. 

Arteritis  is  a  distinct  form  of  inflammation  which  involves  aU 
three  coats  of  the  wall  of  an  artery. 

Acute  arteritis  may  occur  as  a  primary  afHection,  as  the  result  of 
an  injury  or  of  direct  bacterial  infection ;  it  may  be  secondary  to  a 
septic  thrombosis  or  embolism  forming  or  lodging  in  an  artery,  or 
to  the  existence  of  inBammatory  disease  in  the  surrounding  tissues. 
There  are  many  constitutional  diseases  and  conditions — for  example, 
rheumatism,  gout,  syphilis,  and  alcoholism — which  favor  the  formation 
of  chronic  arteritis. 

The  results  of  chronic  arteritis  in  the  vessels  themselves  are  fatty 
degeneration,  calcification,  gummata  (occasionally  resulting  in  ulcera- 
tion), suppuration,  occlusion,  dilatation,  aneurysm,  and  rupture  of  the 
vessel-wall.  Arteritis,  if  secondary  to  disease  in  the  surrounding 
tissues,  first  appears  in  the  adventitia,  in  which  case  it  is  termed  a  prri- 
arteritis.  If  the  inflammation  first  rises  in  the  intima,  as  from  trauma- 
tism, in  the  ligation  of  a  vessel  in  an  infective  process,  tt  is  known  as  an 
endarteritis.  Where  the  inflammatory  process  arises  in  or  is  confined 
to  the  middle  coat  of  the  vessel,  it  is  termed  a  tnesarUritis. 

Traumatic  Arteritis. — This  is  the  most  simple  form  of  inflamma- 
tion, and  arises  from  the  ligation  of  a  vessel,  or  after  wounds  or  bruises, 
or  following  the  lodgement  of  non-infective  emboli.  The  small  con- 
tiguous ves.sels  dilate,  lymph  is  poured  out  into  the  adjacent  tissues, 
and  granulation-  and  connective  tissue  form,  resulting  in  a  cicatrix  in 
the  wall  of  the  ves.sel. 

Suppurative  arteritis  commonly  begins  in  the  intima  from  the 
presence  of  an  infected  embolus,  or  it  may  occur  as  a  peri-arteritis,  in 
which  case  organisms  must  be  brought  to  the  vessel  by  lymphatics  or 
must  have  entered  through  a  wound.  Septic  emboli  lodging  in  a 
vessel  produce  a  very  acute  arteritis,  with  rapid  ulceration  and  destruc- 
tion of  the  vessel-wall.  This  occurs  during  the  course  of  an  ulcerative 
endocarditis.  When  the  suppurative  arteritis  begins  in  the  adventitia 
the  course  of  the  process  is  much  slower,  and  the  vessel  often  gradu- 
ally ulcerates  through  or  becomes  weakened  and  gives  way.  This  is 
probably  partly  due  to  the  fact  that  the  outer  coat  of  the  artery  is 
more  resistant  than  many  tissues,  and  partly  because  septic  emboli 
contain  more  virulent  organisms.  Hemorrhage  of  an  alarming  nature 
rarely  takes  place  as  an  immediate  result  of  this  process,  but  death 
results  from  the  constitutional  infection  which  gives  rise  to  the  septic 
emboli. 

Atheroma. — The  most  frequent  result  of  arteritis  is  atheroma:  it 
is  a  very  common  condition  in  late  adult  life,  but  rarely  gives  rise  to 
symptoms.  It  often  exists  for  a  long  time  before  it  becomes  evident, 
and  probably  begins  between  tliirty  and  forty  years  of  age,  especially 
in  those  addicted  to  the  abuse  of  alcohpl.  The  places  in  which  wc 
find  atheroma  are  those  portions  of  the  large  vessels  which  are  sub- 
jected to  the  greatest  strain ;  as,  for  example,  the  arch  of  the  aorta, 
the  convex  portions  of  the  curve  in  vessels,  the  points  of  division  of 
arteries,  and  at  the  origin  of  branches.  Atheromatous  arteries  occur 
more  commonly  in  plethoric  persons  of  a  gouty  or  rheumatic  diathesis. 
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in  those  with  nephritic  or  cardiac  disease,  anJ  in  alcoholic  and  venereal 
patients.  The  disease  may  occupy  successive  segments  of  the  vessel 
or  it  may  occur  in  large  or  small  patches,  variously  scattered  about 
It  is  first  seen  in  the  intima  of  the  vessel  as  yellowish-gray  shining 
spots,  slightly  raised  above  the  surface.  The  spots  increase  in  size, 
often  coalesce,  and  then  become  more  yellow  and  distinctly  ele\-ated. 
This  yellow  exudate,  which  occurs  beneath  the  lining  of  the  intima,  is 
gradually  replaced  by  a  deposit  of  lime  salts.  Then  the  muscle-fibers 
begin  to  waste,  and  the  vessel  loses  its  elasticity  and  becomes  rigid. 
Atheromatous  arteries  are  stiff  and  inelastic,  and  the  parts  they  supply 
are  cold,  congested,  and  badly  nourished.  If  the  salts  are  deposited 
in  successive  rings  around  the  artery,  it  is  known  as  annular  calcifica- 
tion ;  if  in  patches,  it  is  called  laminar  calcification.  The  veasels  most 
commonly  attacked  by  atheroma  arc  the  aorta,  the  iliac,  femoral,  cor- 
onary, and  radial  arteries.  The  presence  of  atheromatous  blood-vessels 
should  not  be  overlooked  in  deciding  as  to  the  advisability  of  an  oper- 
ation, for  it  is  well  known  that  the  lo.ss  of  elasticity  in  the  blood-vessel 
may  produce  thrombo'^is.  embolism,  aneurysm,  or  apoplexy. 

Arteritis  deformans  is  the  name  given  to  a  condition  which  is  the 
result  of  atheroma,  in  which  extensive  dilatation  and  pouching  of  the 
walls  occur.  In  the  dilated  portions  the  media  has  undergone  exten- 
sive fatty  degeneration,  while  the  calcareous  matter  is  found  to  be  most 
abundant  in  those  parts  of  the  vessel-wall  which  are  the  least  dilated. 

Endarteritis  obliterans  is  one  of  the  evil  results  of  chronic  arteritis, 
and  consists  of  the  permanent  occlusion  of  the  lumen  of  the  vessel. 
The  process  begins  with  a  cellular  infiltration  of  the  intima.  which  sub- 
sequently becomes  changed  into  connective  tissue.  The  media  may 
also  become  involved  (Fig.  438).     Infiltrations  of  the  walls  of  the  vessel 
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Fig.  438. — Tibial  artery  from  a  cnse  of  senile  gangrene  of  Ihe  foot  (oblilenilive  endarteritis) 

(Wnrrenl, 

occur  in   syphilitic  and  tubercular  inflammation.      Gangrene  of  the 
part  may  occur  from  endarteritis  obliterans. 

Syphilitic  arteritis  is  a  special  form  of  the  disease,  especially  dan- 
gerous in  that  its  most  serious  lesions  are  found  in  the  vessels  of  the 
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brain.  The  arteries  of  small  caliber  and  the  aorta  are  most  frequently 
involved.  The  process  consists  of  cell- in  filtration  into  the  intima.  and 
the  lumen  of  the  vessel  may  be  partially  or  completely  occluded, 
resulting  in  endarteritis  obliterans. 

Rheumatic  arteritis  occurs  associated  with  acute  rheumatism,  and 
while  not  as  common  as  rheumatic  endocarditis,  yet  it  occasionally 
occurs  in  the  aorta. 

Symptoms  of  Arteritis. — Arteritis  may  be  recognized  by  pain  and 
tenderness  along  the  line  of  the  blood-vessels.  The  vessel,  if  super- 
ficial, may  be  felt  as  a  cord,  and  is  frequently  almost  pulseless.  The 
pulsation  may  be  modified  so  that  it  is  shortened  and  jerky,  according 
to  the  amount  of  obstruction.  When  the  vessel  becomes  occluded 
there  is  often  great  pain  with  a  feeling  of  great  tension,  a  loss  of  power 
in  the  part;  and.  while  gangrene  may  result  if  the  vessel  is  an  impor- 
tant one,  yet  collateral  circulation  may  be  established. 

Treatment. — The  acuU  forms  of  arteritis  are  treated  by  the  adrain- 
istiation  of  opium,  with  rest,  ele\'ation  of  the  limb,  and  cold  applications 
to  the  part  If  there  is  an  active  inflammation  around  the  artery — a 
peri-arteritis — poultices  may  be  applied,  and  under  certain  circumstances 
an  earlj'  operation  for  the  evacuation  of  septic  or  purulent  material 
may  be  called  for.  In  chronic  arteritis  the  existence  of  any  predispos- 
ing disease,  such  as  rheumatism,  gout,  syphilis,  or  nephritis,  should  be 
recognized  in  order  to  receive  appropriate  treatment.  The  local  treat- 
ment should  consist  of  rest,  elevation  of  the  part,  and  careful  bandagii^ 
applied  to  the  limb  tn  such  a  manner  as  will  assist  the  circulation.  The 
skin  and  kidneys  should  be  kept  acti\'e  by  daily  warm  baths  and  diu- 
retics. The  diet  should  be  plain  and  moderate  in  quantity,  and  the 
bowels  kept  free.  In  all  cases  of  this  description  there  is  danger  of 
aneur^-sm- formation  and  apoplexy,  and  the  tension  in  the  arteries  must 
be  reduced  to  a  minimum  by  the  avoidance  of  ail  excitement  or  violent 
exercise.  In  senile  cases  the  danger  of  gangrene  should  be  avoided  as 
iar  as  possible  by  keeping  the  extremities  warm  and  protecting  them 
firom  injun'. 

Anatomy  of  the  Veins. — The  \-eins,  like  the  arteries,  have  three 
distinct  coats :  The  intima  corresponds  to  and  is  a  continuation  of  the 
lining  of  the  arteries ;  the  media  is  made  up  of  longitudinal  and  elastic 
fibers;  and  the  adzvntitia  consists  largely  of  areolar  tissue.  The  thin- 
ness of  the  tt'alU  of  the  veins  as  compared  with  those  of  the  arteries  is 
the  main  difference  between  them,  and  this  is  especially  so  in  the  mus- 
cular coaL  For  this  reason  the  veins  lack  firmness  and  contractility, 
and  the  absence  of  elasticity'  is  the  reason  they  do  not  g:^  open  when 
dn'tded.  The  thinness  of  the  walls  of  the  xfkas  renders  them  pecul- 
iarly liable  to  distention  and  stretching,  and  to  compensate  for  this 
lack  of  elasticity  and  to  assist  in  supporting  the  column  of  blood  they 
are  pro\-ided  with  \'alves,  which  arc  cspcdalty  useful  in  the  lower 
extretnitit.-^- 

Phlebitis. — An  inflammation  of  all  the  structures  which  go  to 
make  up  the  wall  of  a  vdn  is  termed  phlebitis.  A  similar  nomencla- 
ture to  that  used  (or  arteries  is  used  for  inflammations  of  the  ^-arioos 
coats  of  a  vein.  For  example.  endafkUiuii.  mtst^klebiHi,  and  pfri- 
fkltJitii  refMvsent  inflammatory  processes  as  situ^ed  in  the  internal. 


I 
I 


phlebitis  and  pcri- 
can  be  recognized, 
and  even  Ihal  distinction  is  not  always  possible.  Phlebitis  may  be 
acute,  subacute,  or  chronic,  and  it  occurs  more  frequently  than  arteritis. 
It  is  usually  confined  to  a  single  vein  in  contradistinction  to  inflam- 
mation of  the  arteries,  where  usually  a  large  number  of  vessels  are 
involved.  The  vein  may  be  inflamed  throughout  its  whole  length  or 
only  for  a  short  distance.  Acute  phlebitis  may  be  simple,  plastic,  or 
purulent.  Simple  acute  phlebitis  may  be  due  to  a  number  of  constitu- 
tional diseases,  such  as  rheumatism,  gout,  or  syphilis,  or  it  may  occur 
in  some  infectious  process,  as,  for  example,  typhoid  fever  or  the  puer- 
peral state.  It  may  also  be  due  to  traumatism,  as  in  ligation  ;  it  often 
arises  from  a  thrombus,  an  embolus,  or  the  extension  of  an  external 
inflammatory  process. 

Suppurative  phlebitis  usually  occurs  in  the  perivascular  tissue,  and 
is  due  to  a  simple  phlebitis  having  become  infected.  It  is  seen  in  the 
sinuses  of  the  ma.stoid,  and  occasionally  occurs  in  cellulitis  and  in 
phlegmonous  erysipelas. 

5ubacute  and  chronic  phlebitis  are  often  associated  with  varicose 
veins,  or  they  may  occur  in  the  course  of  some  constitutional  dyscrasia, 
such  as  syphilis.  This  form  of  the  disease  usually  attacks  tlie  outer 
coat  of  the  vein,  and  i.s  termed  a  periphlebitis.  There  is  thickening  of 
the  walls  of  the  vessel  from  the  deposit  of  fibrinous  material.  It  is 
naturally  much  less  dangerous  than  an  acute  phlebitis.  In  phlebitis  the 
coats  become  edematous  and  infiltrated  with  a  serous  exudate  and  with 
cells,  and  the  walls  become  thickened  and  more  vascular.  When  an 
inflammatory  process  begins  to  attack  the  intirpa  and  afiects  the  endo- 
thelial lining,  the  formation  of  a  thrombus  begins.  On  the  other  hand, 
the  thrombus  may  be  primary  and  give  rise  to  the  foregoing  process. 
The  eflTect  is  the  same  in  either  case.  If  the  inflammation  subsides 
without  suppuration,  the  exudate  becomes  partially  absorbed  and  par- 
tially converted  into  fibrous  tissue,  but  leaves  a  permanent  thickening 
of  the  vessel-wall.  The  thrombus,  which  may  or  may  not  completely 
occlude  the  vessel,  may  be  absorbed  or  organized.  Subsequently  the 
lumen  of  the  vein  tends  to  regain  its  normal  size  and  appearance  as 
the  clot  becomes  absorbed  or  organized.  Primary  thrombi  are  apt  to 
develop  in  the  veins,  in  the  vicinity  of  the  valves,  on  account  of  the 
sluggish  current  at  these  points,  and  naturally  at  this  point  the  lodge- 
ment of  micro-organisms  may  take  place.  In  suppurative  phlebitis,  if 
the  lumen  of  the  vein  is  completely  occluded,  disintegrated  products  of 
the  inflammation  are  prevented  from  being  swept  into  the  circulation. 
If,  on  the  other  hand,  the  vein  is  not  occluded  or  the  thrombus  itself 
undergoes  degeneration,  suppurating  masses  containing  micro-organ- 
isms are  carried  by  the  circulation  to  various  parts  of  the  body  and 
result  in  metastatic  abscesses. 

Symptoms. — The  symptoms  of  phlebitis  diflcr  more  or  less  with 
the  cause  of  the  disease.  In  the  acute  form  the  constitutional  disturb- 
ance is  marked.  There  are  apt  to  be  chills,  high  temperature,  rapid 
pulse,  severe  pain,  a  dry,  coated  tongue,  restlessness,  and  dehrium. 
There  are  usually  severe  pain  and  tenderness  along  the  course  of  the 
aflectcd  vein.     The  more  superficial  veins  may  be  felt  as  small,  hard. 
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knotted  cords.  The  veins  are  distended,  giving  rise  to  mottling  of 
the  skin.  If  thrombi  exist  in  the  veins,  especially  in  the  deep  ones, 
there  is  usually  sufficient  disturbance  in  the  circulation  to  produce 
edema  of  the  involved  part.  Wiien  the  femoral  or  iliac  veins  are 
involved  the  disease  is  known  as  phlegmasia  alba  dolens  {"  milk-!eg"). 
In  the  suppurative  forms  of  the  disease,  if  the  infection  is  general,  there 
are  usually  associated  symptoms  of  septicemia.  In  the  subacute  and 
chronic  forms  of  phlebitis  the  pain  and  tenderness  are  less  marked  and 
more  circumscribed.  Pulse  and  temperature  arc  lower,  delirium  and 
chills  are  absent.  The  chronic  form  of  the  disease  often  accompanies 
varicose  veins  of  the  leg,  which  u.sually  remain  quiet  if  properly  sup- 
ported ;  but  owing  to  the  defective  circulation  in  the  limb,  a  subacute 
proces.s  is  easily  lighted  up  by  a  strain,  a  blow,  or  any  unusual  amount 
of  exercise.  Phlebitis  may  be  mistaken  for  lymphangitis,  neuritis,  neu- 
ralgia, or  rheumatism.  In  lymphangitis  the  skin  is  a  brighter  color, 
and  there  arc  often  narrow  reddened  streaks  running  up  the  limb  as 
the  result  of  the  infection.  In  neuritis  and  neuralgia  the  pain  is  apt  to 
occur  in  paroxysms,  but  is  not  associated  with  superficial  redness  nor 
with  heat.  There  is  also  less  tenderness  in  neuritis  and  neuralgia  than 
in  phlebitis.  Rheumatism,  however,  may  often  be  differentiated  only 
by  treatment.  In  phlebitis  the  pain  is  usually  increased  by  motion, 
and  when  the  limb  is  allowed  to  hang  down,  the  pain  and  throbbing 
are  greatly  increased.  Gouty,  rheumatic,  or  syphilitic  phlebitis  can  be 
distinguished  only  by  the  history  of  the  case. 

Treatment  of  phlebitis  consists  in  putting  the  patient  to  bed  and 
giving  absolute  rest  to  the  involved  part.  This  is  imperative  in  order 
that  the  danger  from  thrombosis  may  be  minimized.  If  the  thrombus 
should  separate  and  cause  an  embolus,  it  may  end  in  immediate  death. 
The  limb  should  be  elevated,  as  this  position  favors  the  venous  circu- 
lation, relieves  the  tension  in  the  part,  and  prevents  pain  and  throbbing. 
A  large  flax.seed-meal  poultice  should  envelop  the  whole  limb,  and 
should  be  changed  every  two  hours,  if  necessary.  It  gives  the  most 
satisfactory  relief  to  the  pain  of  an  acute  inflammation.  Hot  fomen- 
tations, evaporating  lotions,  lead -and- opium  wash,  opium  and  bella- 
donna, and  solutions  of  nitrate  of  silver  are  all  recommended  for  exter- 
nal apphcation,  and  are  useful  in  the  management  of  chronic  cases.  In 
acute  cases  the  patient's  physical  condition  may  be  seriously  involved. 
In  order  to  sustain  the  system  forced  feeding,  if  necessary,  together 
with  the  administration  of  stimulants,  should  be  used.  Quinin,  iron, 
and  saline  cathartics  are  all  indicated.  Naturally,  if  the  condition  is 
due  to  syphilis,  specific  treatment  should  be  tried,  and  it  is  often  neces- 
sary to  administer  potassium  iodid  freely  and  for  a  long  time  before 
any  improvement  occura.  The  same  is  true  of  the  gouty  or  rheumatic 
type  of  the  disease,  for  which  appropriate  treatment  must  also  be  given. 
The  type  of  the  disease  that  occurs  in  stout,  plethoric  men  who  are 
hearty  livers  is  peculiarly  difficult  to  control.  They  should  be 
restricted  to  a  light  diet,  all  stimulants  prohibited,  and  the  emunc- 
tories  kept  free.  Massage  should  be  entirely  avoided,  as  there  is 
danger  of  an  embolus  separating  from  a  thrombus.  Even  when  skil- 
fully employed,  it  has  been  known  to  stir  up  a  chronic  phlebitis  to  an 
acute  form.     The  patient  should  be  kept  in  bed  for  many  weeks  after 
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all  pain  and  tenderness  have  disappeared.  At  first,  gentle  passive 
motions  arc  to  be  allowed,  and  then  the  patient  may  be  up  on  crutches. 
At  this  time  the  limbs  should  be  carefully  bandaged  with  a  flannel 
bandage,  with  moderately  firm  pressure.  In  the  convalescent  stage 
electricity  may  be  used  in  restoring  the  strength  to  the  atrophied 
muscles,  and  its  use  may  be  combined  with  controlled  massage.  In 
case  of  suppurative  phlebitis  with  marked  localized  swelling  and  red- 
ness, where  there  is  thought  to  be  danger  of  abscess -formation,  early 
incisions  under  antiseptic  precautions  are  very  important.  By  this 
means,  if  the  thrombus  which  exists  in  the  vein  is  not  already  invaded, 
or  even  if  it  is  involved,  septic  emboli  and  pyemia  may  be  prevented. 
Brilliant  results  are  obtained  in  suppurative  otitis  media,  with  throm- 
bosis of  the  lateral  sinus,  by  early  trephining  of  the  mastoid.  Occa- 
sionally cases  of  suppurative  phlebitis  have  been  successfully  treated 
by  excising  the  involved  vein,  and  there  can  be  but  little  doubt  that  it 
is  a  justifiable  operation  to  ligate  the  cardiac  end  of  a  vein  filled  with  a 
septic  thrombus. 

Thrombosis  is  the  process  of  coagulation  of  the  blood,  during  life, 
in  the  interior  of  the  heart  or  a  blood-vessel.  The  clot  which  forms  is 
a  thrombus,  and  is  due  to  some  interruption  in  the  blood-current  at  a 
definite  point.  This  is  frequently  due  to  a  thickening  of  the  endothe- 
lial lining  of  the  ves.sel  at  the  point  where  the  tlirombus  is  formed. 
A  ligature,  pliiebitis,  or  varicose  veins  are  the  most  common  causes 
of  thrombi.  Acute  rheumatism,  syphilis,  continued  infectious  fevers, 
or  surgical  shock  where  the  heart  is  extremely  weak,  all  favor  the 
formation  of  thrombi.  The  local  injury  which  occurs  in  the  endothe- 
lial lining  of  the  vessel  may  be  due  to  a  simple  blow  or  pressure,  to 
the  presence  of  foreign  bodies,  or  to  any  of  the  inflammatory  diseases. 
Thrombi  which  are  found  during  life  are  distinguished  from  clots 
which  form  in  the  vessel  after  death  by  their  greater  consistency  and 
greater  adherence  to  the  vessel-wall.  The  adherence  of  the  thrombus 
may  be  due  to  simple  fibrin,  or  there  may  be  definite  tissue-formation 
between  the  thrombus  and  the  ve.ssel-wall.  Thrombi  may  or  may  not 
occupy  the  whole  lumen  of  the  vessel.  They  are  usually  whitish  in 
color,  are  cone-shaped,  and  project  like  a  polypus  in  the  direction  of 
the  blood-current.  Thrombi  are  designated  as  venous  and  arterial. 
according  to  their  location.  Arterial  is  less  common  than  venous 
thrombosis.  Thrombi  are  also  designated  as  red,  white,  and  mixed 
thrombi,  according  to  their  color  and  composition,  and  as  infective 
or  non-infective,  according  to  their  pathogenic  character.  The  infec- 
tive and  non-infective  thrombi  form  in  precisely  the  same  way,  but  the 
infective  thrombi  contain  bacteria  which  produce  a  purulent  softening 
of  the  thrombus,  so  that  it  becomes  a  .soft,  friable  ma.'is,  which  may 
break  up  and  enter  the  circulation  in  the  form  of  septic  emboli.  A 
non-infective  thrombus  undergoes  several  changes  after  its  formation, 
and  in  the  course  of  lime  it  becomes  firm  and  hard.  In  its  interior, 
especially  in  the  larger  thrombi,  there  may  occur  a  non-septic  softening 
caused  by  the  breaking  down  of  the  cells.  Occasionally  3  thrombus 
may  undergo  a  complete  absorption  and  entirely  disappear,  or  it  may 
become  organized  into  connective  tissue.  This  is  known  iis  organiza- 
tion of  the  thrombus,  and  it  is  due  to  gradual  cellular  infiltration  and 
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the  growth  of  connective  tissue  from  the  wall  of  the  vessel.  A  throm- 
bus may  become  calcified  by  the  deposition  of  lime  salts,  and  it  is  then 
knoivn  as  a  pitlcbolilh. 

The  symptoms  of  thrombosis  may  be  relatively  slight  until  the 
thrombus  reaches  sufficient  size  to  interfere  with  the  blood-current. 
Then  there  suddenly  occurs  severe  pain  in  the  part,  which  is  greatly 
increased  upon  motion  or  when  the  i>art  is  in  a  dependent  position. 
Acute  tenderness  or  induration  occurs  along  the  vessel ;  edema  of  the 
extremities  with  local  redness  and  swelling  is  a  [lart  of  the  process. 
There  is  found  considerable  constitutional  disturbance,  with  high  tem- 
perature and  a  rapid  pulse.  Thrombi  more  frequently  occur  in  the 
vessels  of  the  extremities. 

The  treatment  of  thrombosis  is  of  necessitj'  expectant.  Absolute 
quiet,  in  order  to  promote  absorption  of  the  clot  and  to  prevent  detach- 
ment of  the  thrombus,  is  imperative.  Rest  should  be  insisted  upon 
until  all  acute  symptoms  have  subsided,  when  the  thrombus  will  either 
have  been  absorbed  or  have  become  attached  to  the  vessel-wall,  and 
the  danger  of  embolism  will  have  been  reduced  to  a  minimum.  The 
hnib  should  be  elevated  to  relieve  congestion  and  to  favor  the  return 
of  circulation.  Large  flaxseed  poultices  should  be  kept  applied  to  the 
limb,  or  the  limb  may  be  carefully  bandaged  outside  of  a  thick  layer  of 
cotton  wadding.  The  employment  of  ma.ssage,  blisters,  iodin,  and  all 
counterirritant  measures  is  to  be  carefully  avoided  in  the  acute  stages 
of  the  process, 

GmboUstn. — An  embolus  may  be  derived  from  a  number  of  differ- 
ent sources — for  example,  from  a  disorganized  thrombus,  from  calca- 
reous and  caseous  deposition  in  the  cardiac  valves,  from  mahgnant 
growths,  all  of  which  may  become  detached  and  swept  into  the  circu- 
lation. Occasionally,  fat  or  air  may  accidentally  be  introduced  into  the 
circulation  and  act  as  an  embolus.  The  place  where  the  embolus  lodges 
depends  upon  its  size  and  its  point  of  origin  ;  those  which  come  from 
the  left  side  of  the  heart  lodge  in  the  arterial  system,  while  those  whidi 
separate  from  a  thrombo.sis  of  a  vein  are  carried  to  the  pulmonary 
arteries.  They  are  lodged  at  a  point  where  the  size  of  the  blood-vessel 
does  not  permit  them  to  advance  further — generally  where  the  large 
branches  are  given  off,  as  there  the  vessels  are  apt  to  be  diminished  in 
size  considerably.  If  the  embolism  obstructs  and  occludes  one  of  the 
large  branches  of  the  pulmonary  artery  or  the  middle  cerebral  artery, 
instant  death  usually  takes  place.  Emboli  may  undergo  the  same 
changes  as  thrombi — that  is  to  say,  they  may  be  absorbed,  organized, 
or  softened.  An  occluding  embolus  in  a  healthy  and  well-nourished 
individual  may  occasion  only  temporary  and  local  disturbance,  as  the 
collateral  circulation  may  furnish  a  sufficient  blood-supply  to  the  part. 
Sudden  occlusion  of  a  large  and  important  vessel,  such  as  the  femoral 
artery,  will  produce  intense  congestion,  edema,  gangrene,  and  frequently 
death.  If  the  embolu.s  i.s  an  infected  one,  the  organisms  which  it  con- 
tains set  up  a  purulent  necrotic  process  in  the  wall  of  the  vessel,  and 
this  is  known  as  a  secondary  absce.ss. 

The  symptoms  of  embolism  are  sudden  in  onset,  and  there  are  sharp 
pain  and  tenderness  along  the  course  of  the  vessel  and  the  parts  sup- 
plied by  it.     There  are  coldness,  numbness,  and  pallor  in  the  parts. 
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The  symptoms  of  embolism  are  similar  to  those  of  thrombosis,  except 
lat  they  are  more  sudden  and  pronounced  and  much  more  serious. 
The  treatment  of  embolism,  if  the  part  involved  is  a  limb,  consists 
in  rest,  elevation  of  the  limb,  and  the  application  of  warmth  to  the  part 
to  favor  the  return  of  the  circulation.  Opium  should  be  used  to  relieve 
pain,  and  a  nutritious  diet  and  a  judicious  stimulation  are  indicated.  If 
gangrene  occurs,  as  soon  as  a  line  of  demarcation  is  established,  the 
limb  should  be  amputated.  In  the  meantime  antiseptic  poultices  should 
be  applied  and  the  patient's  strength  supported. 

Varices  or  varicose  veins  in  tlie  extremities  are  at  first  nothing 
but  simple  distended  veins,  which  later,  as  the  result  of  their  distention, 
become  elongated,  tortuous,  and  thickened.  The  same  pathological 
<ndition  exists  in  varicocele  and  in  hemorrhoids,  but  these  will  be  con- 
sidered under  their  separate  headings  in  another  chapter.  Varicose 
veins  in  the  extremities  are  the  result  of  a  negative  blood-pressure  in 
the  veins,  brought  about  either  by  direct 
pre.ssurc  on  the  vessels  themselves  or  by 
the  simple  weight  of  the  column  of  blood, 
which,  not  being  forced  along,  overcomes 
the  natural  elasticity  of  the  vessel-wall  until 
it  becomes  dilated  and  then  .stretched.  This 
frequently  occurs  in  persons  who  stand  a 
great  deal.  The  blood  is  forced  through 
the  veins  into  the  limbs  largely  by  the  alter- 
latc  contraction  and  expansion  of  the  mus- 
cles pressing  on  the  veins,  so  that  it  causes 
a  venous  stasis  in  tlie  legs.  Other  exciting 
causes  are  abdominal  and  pelvic  tumors, 
effusions  into  the  peritoneal  cavity,  gravid 
uterus,  tight  lacing,  garters  around  the  legs, 
and  a  weak  heart.  The  dl.sease  occurs  most 
frequently  in  women  and  in  persons  who 
have  reached  middle  life.  The  varices  be- 
gin by  the  gradual  dilatation  of  the  vein  op- 
posite the  valves,  where  the  weight  of  the 
column  of  blood  is  supported.  This  taking 
place  alternately  on  opposite  sides  of  the  vein 
causes  it  to  lengthen,  and  a  tortuous  ves- 
I  results.  The  knotting  of  the  vein  is  the 
result  of  the  pouching  out  of  the  vessel 
opposite  the  valves.  Associated  with  the 
lengthening  and  pouching  of  the  vein  are 
inflammatory  changes  in  the  wall  of  the 
vessel.  As  a  result  of  this  the  walls  become 
thickened  by  the  exudation  of  inflammatorj- 
products  and  the  proliferation  of  connective- 
tissue  cells.  In  this  manner  the  localized 
atticks  of  phlebitis  and  periphiebiiis  which 
occur  in  connection  with  varicose  veins  may 

be  accounted  for.     Varicose  veins  are  usually  easy  to  recognize,  for  they 
are  found  chiefly  in  the  superficial  vessels  (Fig.  439)-     They  are  seen 


Fia.  439.— Varicose  veto*. 
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as  large,  prominent,  and  tubulous  veins,  commonly  on  the  anterior 
aspoct  of  ihc  leg,  and  unless  they  arc  actively  inflamed  are  soft,  easily 
compressed,  and  not  painful.  When  the  trouble  has  existed  for  a 
long  time,  owing  to  tlie  excessive  thinness  of  the  vessel-wall  the  vessel 
may  suddenly  rupture  and  give  rise  to  a  serious  and  sometimes  fatal 
hemorrhage.  A  varix  of  the  internal  saphenous  vein  protruding 
through  the  saphenous  opening  may  easily  be  mistaken  for  femoral 
hernia,  as  it  appears  and  disappears  in  getting  up  or  lying  down.  It 
is  diagnosticated  from  a  hernia  in  that  pressure  over  the  ring  does  not 
prevent  the  varix  from  reappearing,  while  pressure  easily  controls  a 
femoral   hernia. 

The  treatment  of  varicose  veins  is  palliative  and  operative.  The 
former  frequently  gives  relief  when  the  disease  is  seen  in  its  early 
stages.  Any  preventable  cause,  such  as  tight  clothing,  garters,  etc., 
must  be  removed.  The  condition  of  the  circulation  and  of  the  bowels 
must  receive  attention  by  giving  suitable  cathartics.  A  recumbent  posi- 
tion with  the  limb  elevated,  and  gentle  massage  in  an  upward  direction, 
with  the  prohibition  of  sitting  and  standing,  all  favor  the  venous  circula- 
tion, and  with  attention  to  the  general  health,  administration  of  tonics,  and 
later  on  suitable  outdoor  exercise,  assist  in  restoring  the  normal  tone 
of  the  vessei-walls.  Absolute  rest  in  bed  for  a  few  weeks  is  ver>'  desir- 
able ;  but  when  this  cannot  be  secured  and  the  patient  is  allowed  to  be 
up.  local  treatment  should  be  used.  This  consists  of  firm  and  well- 
apphed  pressure  distributed  evenly  over  the  leg  from  the  base  of  the 
toes  to  above  the  knee.  The  pressure  must  be  applied  in  the  morning, 
before  the  patient  leaves  the  bed,  while  the  limbs  are  elevated,  and  is  to 
be  removed  at  night  only  after  the  patient  is  in  bed.  A  simple  bandage 
made  from  a  good  quality  of  thin,  firm  "domets"  flannel,  3J  inches 
wide,  cut  on  the  bias,  is  inexpensive  and  ea.'^ily  made,  and  may  be  effi- 
ciently applied  with  a  slight  amount  of  experience.  A  better  support 
is  a  silk  elastic  stocking  made  to  measure  and  fitted  accurately  to  the 
limb.     Rubber  bandages  are  also  used  to  a  considerable  extenL 

The  opcrath'C  tnatnuiit  of  \"aricose  veins  aims  at  the  obliteration  of 
the  lumen  of  the  vein  or  the  complete  removal  of  the  vessel.  The 
application  of  caustics  to  the  vein  and  the  injection  of  carbolic  acid  are 
dangerous  and  practically  obsolete  methods.  Acupressure  and  subcu- 
taneous ligature  to  a  vein,  followed  by  compression,  are  rarely  used. 
The  most  satisfactory  method  is  excision  of  portions  of  the  vein  at 
various  points  in  its  course,  although  occasionally  the  greater  part  of 
the  tortuous  vein  may  be  excised.  After  removal  of  the  vein  the 
wound  is  closed  and  primary  union  may  be  obtained.  These  opera- 
tions should  be  performed  under  the  strictest  aseptic  conditions,  as  the 
tissues  involved  posse.ss  extremely  poor  resisting  qualities,  and  septic 
phlebitis  and  thrombosis  are  easily  started  up.  It  is  scarcely  necessarj- 
to  say  that  an  operation  of  this  description  is  required  only  in  those 
cases  which  palliative  treatment  cannot  relieve. 

An  arterial  varix  or  cirsoid  anetuysm  is  a  dilatation  and 
elongation  of  the  arteries  similar  to  the  varices  which  occur  in  the 
veins.  When  the  large  vessels  are  dilated  and  tortuous  it  is  known  as 
a  cirsoid  aneurj-sm.  It  may  be  congenital,  but  is  usually  acquired  from 
unknown  causes.     It  probably  results  from  some  inherent  stricture  or 
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defect  in  the  arterial  wall.  It  occurs  chiefly  in  the  arteries  of  the  scalp, 
face,  neck',  palms  of  the  hands,  and  soles  of  the  feet.  The  diagnosis  is 
easily  established,  as  the  tumor  pulsates  synchronously  with  the  heart, 
and  the  peculiar  tortuous  convoluted  condition  of  the  mass  is  character- 
istic, A  murmur  is  often  heard  over  the  tumor.  If  the  tumor  is  in- 
creasing in  size  or  if  inflammatory  changes  due  to  pressure  are  likely  to 
occur,  with  absorption  of  bone,  ulceration,  and  hemorrhage,  the  tumor 
should  be  excised.  Many  forms  of  treatment  have  been  tried — for 
example,  injections  of  perchlorid  of  iron,  direct  pressure,  application  of 
ligatures  to  the  main  vessels,  galvanopuncture,  electrolysis,  and  subcu- 
taneous ligation.  Excision,  however,  of  the  whole  mass  is  the  most 
satisfactory  method.  The  operation  is  often  serious,  owing  to  the  large 
size  of  the  mass  and  the  quantity  of  blood  that  may  be  lost.  If  the 
tumor  is  not  large  nor  increasing  in  size  and  does  not  cause  pain  or 
annoyance,  an  operation  is  not  called  for. 

Angiomata  are  tumors  composed  for  the  most  part  of  blood-ves- 
sels, but  they  difller  from  arterial  varices  in  that  the  capillaries  are  dilated 
and  the  skin  is  involved.  The  larger  forms  are  known  as  cavernous 
angiomata  (Fig.  440),  from  the  fact  that  the  vessels  are  not  only  dilated 


,,4... — Civemous  angiom.i  (W.irrcii^ 


but  also  obliterated,  and  the  blood  is  contained  in  open  spaces.  These 
tumors  are  usually  congenital,  and  their  cause  is  not  known.  They  are 
found  in  the  liver,  kidney,  spleen,  and  brain,  and  in  bone,  in  the  orbit,  in 
the  larynx,  and  occasionally  in  the  brea.st  (Fig,  441)-  The  recognition 
of  angiomata.  unless  they  are  deep-seated,  is  usually  not  difficult  The 
arteries  leading  to  them  are  tortuous  and  dilated  and  visibly  pulsate. 
There  is  often  a  distinct  murmur,  and  by  applying  intermittent  pressure 
alternate  emptyingand  refilling  ofthetumor  occur.  Treatment  by  electro- 
lysis, if  the  growth  is  small,  may  be  successful  and  attended  bylittle 
disfigurement.  If,  however,  the  growth  is  of  considerable  size,  it  should 
n 
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be  carefully  dissected  out,  as  in  the  case  of  any  tumor,  ligating  such 

vessels  as  are  necessary,  and  suturing  the  skin  to  secure  primary  union. 

A  nevus  is  a  congenital  disease  of  the  capillaries  or  of  the  veins, 


Fig.  441. — Angiomn  af  Ihe  lip  and  ihe  neck  (Warrrn). 

and  is  frequently  situated  upon  the  face.     When  the  nevus  involves 
only  the  capillaries  of  the  skin,  it  appears  as  a  slightly  elevated  area. 


ru;5.  442,  443, — Nevus  nf  ihc  face. 

varying  in  size  from  the  head  of  a  pin  up  to  and  involving  tlie  whole 
of  one  side  of  the  face,  and  in  color  varies  from  a  bright  red  to  a  dark 
purple  (Figs,  443,  443),      Nevi    which    cover    considerable    areas    are 
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usually  only  slightly  elevated  above  the  skin,  and  are  often  purely 
cutaneous.  They  do  not  require  operative  interference  unless  there 
is  an  increase  in  their  size  after  careful  continued  examinations  extend- 
ing over  a  length  of  time.  The  small  cutaneous  ncvi  may  be  lightly 
touched  with  the  flat  surface  of  an  actual  cauterj'.  thus  destroying  the 
vessels  with  but  little  pain  and  leaving  only  a  slight  white  scar.  The 
nevi  of  larger  size  should  be  treated  by  actually  perforating  them  with 
the  cautery,  by  using  electrolysis,  or  by  the  operation  of  complete 
excision.  Nevi  are  never  injected  at  the  present  time,  owing  to  the 
danger   of    thrombosis     and    embolism    (Fig,    444).      Ncvi    which    arc 
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Kn,   444.— Nevus  nf  the  hand  and  the  forearm.     Case  of  L.  M,  Tiffany, 

markedly  pigmented  are  often  spoken  of  as  "moles."  They  may  be 
of  considerable  size.  They  are  not  very  vascular,  and  rarely  show  a 
tendency  to  spread  or  to  ulcerate.  These  moles  are  the  favorite  seat 
of  the  development  of  the  melanotic  forms  of  cancer. 

Aneurysm. — An  aneurysm  is  a  hollow  tumor  filled  with  blood, 
whose  cavity  communicates  with  the  lumen  of  an  artery,  into  which  the 
blood-current  flows  to  and  fro.  The  walls  of  an  aneury.sm  may  or  may 
not  be  composed  of  the  coats  of  the  artery,  and  hence  aneurysms  are 
divided  into  tru€  and  false. 

A  true  aneurysm  is  one  in  which  the  walls  of  the  aneurysmal  sac 
are  formed  by  the  coats  of  the  arterj*.  at  least  one  of  which  must  be 


FIC.  ^45— S.iccmI«mI  aneuryim  {K«n  and  White). 


intact.     A  false  aneurysm  is  one  in  which  there  is  no  arterial  coat,  but 
the  blood  is  contained  in  a  sac  of  fibrous  or  other  tissue. 

There  arc  many  forms  of  aneury.sm  not  of  any  practical  importance, 
but  which  are  recognized  by  different  writers. 
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A  diffuse  aneurysm  is  one  which,  as  its  name  implies,  extends  over 
a  considerable  area  of  space  in  the  tissues.  A  traumatic  aneurysm  is 
one  produced  by  direct  trauma  to  an  artery.  The  majority  of  diffuse 
or  traumatic  aneurysms  are  false  aneurysms,  and  the  blood  poured  out 
from  the  artery  is  simply  confined  by  the  surrounding  tissues.  A  tiis- 
seeting  aneurysm  is  one  in  which  there  is  a  partial  rupture  of  the  wall 
of  the  artery,  and  in  con.sequence  there  is  a  passage  of  blood  between 
its  coats.  A  sacculated  aneurysm  (Fig.  445)  is  a  localized  pouch  bulging 
from  one  side  of  an  artery,  h.  fusiform  or  tubular  aneurysm  (Fig.  446) 
is  a  uniform  spindle-shaped  dilatation  involving  all  the  coats  of  the 
artery.  A  hernial  aneurysm  is  one  in  which  one  of  the  coats  of  the 
vessel  becomes  protruded  through  an  outer  ruptured  coat.  An  arterio- 
venous aneurysm  is  a  condition  in 
which  an  abnormal  direct  com- 
munication becomes  established 
between  the  lumen  of  an  artery 
and  that  of  a  neighboring  vein. 

Aneurj'sm  is  essentially  a  dis- 
ease of  middle  life,  and  occurs  be- 
tween the  ages  of  thirty  to  sixty 
years.  The  most  frequent  seat  of 
the  disease  is  the  thoracic  aorta, 
and  after  that  it  occurs  most  fre- 
quently in  the  popliteal,  the  femoral, 
the  abdominal  aorta,  the  carotid, 
the  subclavian,  the  axillary,  and  the  innominate  artery.  All  of  these 
aneurysms  present  certain  clinical  symptoms  in  common,  and  the  most 
characteristic  is  the  development  of  an  elastic,  fluctuating,  and  pulsating 
tumor  in  the  course  of  the  arterj-,  which  may  be  diminished  in  size  by 
exerting  uniform  pressure  on  its  surface.  On  auscultation  an  aneurysmal 
bruit  or  murmur  is  heard  over  the  tumor.  Other  common  symptoms 
are  those  of  pressure  and  weight,  with  dull,  heavy  pains,  diminution 
of  the  volume  of  the  pulse-beat  in  the  vessel  and  its  branches  dis tally 
from  the  aneurysm,  and  later,  the  absorption  of  the  adjoining  tissues 
from  the  pressure  of  the  aneurysm  (Fig.  447). 


Fig.  446. — Tubulired  or  fusiform   atieurj'sitt 
(Keen  and  Vl'hitcl, 


Fic.  447. — SphyEinrpgraphic  Iracings  of  Ihe  radial  pulse  of  »  palient  with   aneurysm  of  Ihe 
right  brachial  ancry  :  1,  left  radial  pulse;  a.  right  radinl  pulse  (Mahomed). 

Etiology. — The  immediate  cause  of  the  development  of  an  aneu- 
rysm is  usually  an  injury  to  a  previously  diseased  vessel.  This  devel- 
opment in  the  majority  of  ca.ses  is  due  to  the  suddenly  increased 
blood -pressure  from  a  violent  muscular  exertion  or  a  sudden  strong 
emotion. 

The  predisposing  causes  of  aneurysm  are  some  constitutional  dis- 
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ease  or  habit  which  by  its  long  continuance  has  either  attacked  the 
arterial  coats  in  distinct  areas  or  has  caused  such  general  and  exten- 
sive degeneration  as  to  have  decreased  to  a  large  degree  the  elasticity 
and  resisting  powers  of  the  arterial  walls.  Degeneration  of  the  arterial 
coats  is  the  chief  predisposing  cause  of  aneurysm,  and  it  must  always 
be  present  in  some  form,  except  in  those  cases  due  to  direct  trauma- 
tism. Suppurative  disease  occasionally  invades  the  wall  of  a  vessel, 
and  is  said  to  give  rise  to  aneurysm. 

It  is  a  recognized  truth  that  the  existence  of  arteriosclerosis  is  the 
chief  factor  in  the  causation  of  aneurysm,  and  while  this  disease  does 
not  manifest  itself  till  late  in  life,  it  exists  in  the  diffuse  st^e  as  early 
as  forty  years — the  most  common  time  for  aneurysm  to  develop.  As 
a  rule,  patients  ascribe  the  cause  of  aneurysm  to  some  severe  muscular 
effort,  which  is  but  natural. 

As  a  rule,  aneurysms  contain  fluid  blood,  which  readily  transmits 
the  pulsations  of  the  heart  through  its  walls.  In  certain  cases,  how- 
ever— for  example,  in  sacculated  aneurysms,  where  the  outlet  is  small 
and  the  blood-current  is  much  reduced  in  force — the  blood  coagulates 
and  is  deposited  in  successive  laminie  upon  the  wall  of  the  vessel, 
forming  yellowish  thrombi  which  greatly  strengthen  the  wall  of  the 
sac.  If  an  aneurysm  is  left  to  its  natural  course,  with  very  rare  excep- 
tions it  proves  fatal.  The  sac  continues  to  dilate  more  or  less  rapidly. 
and  death  takes  place  from  rupture  of  the  sac,  with  fatal  hemorrhage 
either  externally  or  into  some  one  of  the  cavities  of  the  body.  In 
certain  instances  death  occurs  before  the  sac  ruptures,  owing  to  press- 
ure upon  important  organs,  with  correspondingly  severe  symptoms — 
for  example,  on  the  trachea  and  bronchi,  producing  asphyxia;  on  the 
esophagus  or  thoracic  duct,  producing  inanition  :  on  the  spine  in  aortic 
aneurysm,  causing  absorption  of  the  bone  and  meningitis.  The  final 
rupture  may  or  may  not  be  due  to  muscular  strain;  death  is  not 
always  instantaneous,  but  frequently  occurs  after  several  successive 
hemorrhages. 

The  prognosis  of  aneurysm  of  the  aorta,  the  innominate,  the  sub- 
clavian, and  iliac  arteries  is  usually  fatal,  although  a  few  cases  of  cure 
have  occurred  in  aneurysms  situated  in  these  vessels.  The  gravity  of 
the  disease  decreases  and  the  success  of  operative  interference  increases 
as  the  location  of  the  trouble  is  removed  from  the  heart.  The  duration 
of  life  in  aneurysm  varies  within  considerable  limits  according  to  the 
condition.  tKcupation.  and  care  of  the  patient,  as  well  as  the  location  of 
the  disease. 

Treatment. — AH  methods  of  treatment  of  aneurysms  are  directed 
toward  obliterating  the  cavity  by  coagulation  of  blood  within  its  sac. 
They  have  been  classified  as  medical  and  surgical.  The  former  com- 
prise those  which  by  rest  in  bed,  restriction  of  food  and  liquids,  and 
administration  of  drugs  aim  to  prevent  increase  in  the  size  of  the  tumor 
and  favor  coagulation  of  the  blood,  by  reducing  the  force  of  the  blood- 
current.  These  methods  have  been  in  use  for  a  very  long  time,  but 
are  now  employed  only  in  those  cases  of  internal  aneurysm  in  which 
operative  methods  are  contra-imiicated.  The  details  of  the  treatment, 
as  proposed  by  Tufnell,  are  absolute  rest  in  bed,  a  drj'  diet  composed 
of  a  very  few  ounces  of  bread  or  farinaceous  food,  ivith  a  very  little 
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fish  or  meat  once  or  twice  a  week,  together  with  a  few  ounces  of  milk 
or  water  dally.  A  number  of  cures  have  been  reported  from  this 
course  of  treatment,  which  requires  great  resolution  and  courage  on 
the  part  of  the  patient  to  persist  in  for  the  necessary  length  of  time, 
which  is  usually  two  to  three  months.  An  ice-bag  or  pressure  maybe 
applied  to  the  tumor  itself  Belladonna,  aconite,  and  veratrum  viridc 
are  used  to  assist  in  reducing  the  force  of  the  heart's  action.  Sympto- 
matic treatment  is  necessary  in  almost  all  ca-ses  ;  for  pain,  the  bromids, 
phenacetin,  and  opium  are  used  when  necessary.  For  attacks  of  angina 
amyl  nitrate,  nitroglycerin,  and  barium  chlorid  are  indicated.  lodids 
are  administered,  not  alone  for  their  effect  on  syphilis,  but  because  they 
are  supposed  to  have  a  direct  action  on  the  arteries;  and  it  is  claimed 
that  the  tincture  of  iodin  and  the  sodium  salts  are  better  than  the 
potassium  salts.  Potassium  iodid  in  increasing  doses  is  most  frequently 
administered,  and  in  some  cases  a  cure  has  been  apparently  favored  by 
its  action.  It  is  supposed  to  slow  the  action  of  the  heart,  to  lessen  its 
force,  and  to  thicken  the  walls  of  the  aneurysm  by  the  deposition  of 
fibrin.  For  the  purpose  of  inducing  the  coagulation  of  blood  in  the 
aneurysm,  injections  of  solutions  of  iron,  ergot,  tannin,  and  other  drugs 
are  sometimes  made  into  the  sac;  but  there  is  great  danger  of  the 
formation  of  emboli  attending  this  method  of  treatment,  and  it  there- 
fore should  be  condemned. 

Acupunclnrc  consi.sts  of  the  introduction  of  several  needles  into  the 
cavity  of  the  sac,  allowing  them  to  remain  several  hours  and  then 
withdrawing  them.  This  favors  coagulation,  but  it  is  not  without 
danger. 

Galvanopuncture  is  performed  by  inserting  an  insulated  needle  from 
either  side  of  the  .sac,  and  with  the  needles  in  contact  a  galvanic  cur- 
rent is  passed  through  for  several  hours.  This  method  is  open  to  the 
same  criticism  as  the  preceding  measures. 

A  more  recent  method  devised  by  Macewen,  known  as  "  needling'' 
has  for  its  object  the  formation  of  a  white  thrombus  on  the  inner  sur- 
face of  the  sac.  It  is  accomplished  by  introducing  under  aseptic  pre- 
cautions long  steel  needles,  and  gently  irritating  with  their  points  the 
entire  inside  lining  of  the  tumor.  The  irritation  should  be  only  great 
enough  to  produce  a  reparative  exudation,  so  that  there  is  formed 
by  successive  needling  a  permanent  thickening  of  the  walls  of  the 
aneurysm.  Two  or  three  needles  are  used  at  the  same  time  in  a  large 
aneurysm,  and  a  number  of  foci  of  repair  are  distributed  over  the 
interior  of  the  aneurysmal  sac.  It  is  especially  applicable  to  large  sac- 
culated aneurysms  which  are  inoperable — for  example,  those  situated 
at  the  arch  of  the  aorta.      Cures   have  been  reported  by   Macewen. 

The  introduction  of  foreign  bodies  into  the  aneurysmal  sac  through 
a  cannula  after  puncture  is  another  method  of  treatment  for  large  inop- 
erable aneurysms.  Fine  steel  wire,  horse-hair,  catgut,  and  silk  are  the 
materials  which  have  been  used,  A  number  of  yards  of  the  wire  or 
other  substance  is  introduced  through  a  pointed  cannula  in  the  hope  of 
causing  obliteration  of  the  cavity  by  an  engaging  blood-clot.  A  number 
of  cases  treated  in  this  manner  have  been  reported,  but  verj'  few  suc- 
cesses have  occurred.  The  method  is  a  dangerous  one,  and  only  to  be 
used  as  a  last  resort. 
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Compression. — The  treatment  of  aneurysm  by  compression  is  per- 
haps the  oldest  form  of  treatment,  and,  when  properly  carried  out  and 
persisted  in  for  a  sufficient  length  of  time,  usually  results  in  improve- 
ment, and  often  in  cure.  The  pressure  is  applied  preferably  to  the  car- 
diac side  of  the  tumor,  and  may  be  digital  or  mechanical. 

Digital  pressure  is  more  rapid  and  less  painful  than  mechanical,  but 
it  is  an  extremely  difficult  thing  to  keep  it  up  for  the  necessary  length 
of  time,  which  may  be  twenty-four  to  forty-eight  hours,  with  firm  uni- 
form pressure  under  an  anesthetic.  A  relay  of  assistants  is  necessary 
in  carrying  out  this  method. 

The  use  of  mechanical  or  instiumcrilal  compression  is  not  advised. 
The  method  by  digital  compression,  while  annoying  and  painful  to  the 
patient,  especially  if  he  be  irritable  and  cannot  bear  pain  well,  is  a  very 
safe  method  of  treatment,  and  no  great  risks  are  involved  in  case  of 
failure.     Under  modem  aseptic  technic  the  method  of  digital  compres- 


Fin.  ^51,— Wardrop's  oper.iUon   IHolmes), 


PiC.  45a. — Hunler's  opcralion  for  aneuryim  (Keen  und  While), 

sion  has  been  lately  superseded  by  direct  operative  measures  (Figs, 
448-452). 

Treatment  by  Ugature. — The  treatment  of  an  aneurysm  by  direct 
Ugature  to  the  vessel  is  unquestionably  the  most  satisfactory  method 
when  the  aneurysm  is  situated  so  that  this  can  be  accomplished.  The 
operation  must  be  performed  under  the  strictest  aseptic  precautions,  the 
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material  being  cither  silk  or  animal  ligature,  and  the  wound  closed  to 
secure  primary  union.  Sepsis,  secondary  hemorrhage,  and  gangrene 
are  the  chief  dangers  to  be  feared  as  the  result  of  operation.  Several 
different  ojjcrations  are  in  use — namely,  the  distal  ligature,  the  proximal 
ligature,  and  the  double  ligature.  The  most  common  method  in  use  at 
present  i.s  to  ligate  the  artery  on  the  proximal  side  at  some  distance 
from  the  tumor,  in  order  that  a  place  which  is  firm  and  free  from  dis- 
ease may  be  secured.  The  double  ligature  of  the  vessel,  with  excision 
of  the  sac  (Antyllus),  is  the  best  operation.  Distal  ligature  may  be 
necessary  on  account  of  the  situation  uf  the  disease,  as  when  it  occurs 
in  the  innominate  or  subclavian  arteries.  The  advantage  of  ligation 
over  other  methods  of  treatment  is  its  applicability  in  a  greater  number 
of  cases,  the  greater  likelihood  of  success,  its  comparative  ease  and 
safety,  and  its  painlessness. 

Aneurysm  of  Special  VesselS-^Aortic  Aneurysm. — Aneur^'sm 
of  the  aorta  inay  occur  at  any  point  in  the  chest  or  abdomen,  but  those 
involving  the  arch  of  the  aorta  are  the  most  common.  The  disease  is 
usually  obscured  until  the  dilatation  has  advanced  to  a  point  where 
the  tumor  is  visible  externally,  or  until  the  pressure-symptoms  are  so 
acute  as  to  make  the  diagnosis  possible.  A  pulsating  expansile  tumor 
of  a  very  large  size  in  the  front  of  the  upper  part  of  the  chest,  more 
often  on  the  left  of  the  sternum,  is  characteristic  of  an  aneurysm  of  the 
aortic  arch.  The  very  early  symptoms  are  more  or  less  constant  pain, 
disturbance  of  the  laryngeal  muscles  from  pressure  on  the  recurrent 
larj-ngea!  nerve,  causing  interference  with  respiration,  interference  with 
deglutition,  and  changed  voice-sounds.  Retardation  of  one  radial 
pulse  and  dilatation  of  the  pupil  on  one  side  are  occasional  symptoms. 
As  the  tumor  increases,  the  symptoms  become  more  severe ;  pain,  loss 
of  sleep,  cough,  and  anxiety  .supervene.  Absorption  of  the  contiguous 
tissues  of  the  sternum,  ribs,  and  vertebrze  takes  place,  and  death  results 
from  an  external  rupture  or  more  frequently  from  an  internal  rupture 
of  the  aneurysmal  sac.  The  treatment  of  aneurysm  of  the  aortic  arch 
offers  little  hope  of  success.  A  few  cases  have  been  reported  of  a 
successful  result  from  Macewen's  method,  and  also  from  the  introduc- 
tion of  foreign  bodies  into  the  sac. 

An  aneurysm  of  the  abdominal  aorta  is  rarer  than  one  of  the 
thoracic  aorta.  The  development  of  a  characteristic  pulsating  tumor, 
with  the  presence  of  the  aneurysmal  bruit  in  the  abdominal  cavity,  and 
the  careful  exclusion  of  tumors  of  the  other  abdominal  organs,  is  the 
way  in  which  a  diagnosis  may  be  established.  The  treatment  offers 
very  little  chance  of  cure.  Pressure  by  means  of  a  mechanical  tour- 
niquet may  be  applied,  if  the  location  of  the  tumor  renders  this  possible. 
The  abdominal  aorta  has  been  ligated  a  number  of  times— always, 
however,  with  a  fatal  result. 

An  aneurysm  of  the  iliac  arteries  presents  the  same  symptoms  as 
an  aneurysm  of  the  abdominal  aorta,  except  that  being  situated  lower 
in  the  abdomen  it  may  be  made  out  more  clearly.  The  abdominal 
aorta  has  been  ligated  a  number  of  times  for  iliac  aneurysms.  The 
common  iliac  artery  has  been  ligated  several  times  with  success,  and 
although  this  is  a  critical  operation,  it  promises  relief. 

Femoral  Aneurysm. — The    diagnosis    is   comparatively  easy,  but 
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from  the  exposed  position  of  the  vessel  the  aneurysm  is  often  of  trau- 
matic origin,  and  hence  may  be  a  false  aneurysm.  It  may  for  this  reason 
be  mistaken  for  a  psoas  or  inguinal  abscess,  and  care  must  always  be 
exercised  in  operating  in  this  region  in  excluding  an  aneurysm.  A 
femoral  aneurysm  has  been  incised  for  a  psoas  abscess  with  fatal 
results.  An  aspirating  needle  can  always  be  used  in  case  of  obscure 
diagnosis,  and  the  problem  in  this  manner  solved.  Proximal  ligation 
of  the  aitery  is  the  best  operation  in  femoral  aneurysms. 

Popliteal  aneurysm  is  one  of  the  more  common  types  of  the  dis- 
ease. Owing  to  the  location  of  the  artery  it  is  peculiarly  liable  to  be 
injured,  especially  by  extreme  flexion  of  the  leg;  and  if  the  vessel  has 
beconie  weakened  by  pathological  changes,  it  may  readily  become  sub- 
ject to  aneurysmal  dilatation  (Figs.  453, 454).    The  tumor  is  necessarily 


I'll'-'.  4M,  4>-i. — Pophtpal  aneurysm. 

superficial  in  position,  and  therefore  the  diagnosis  is  easy  becau.se  of 
the  characteristic  symptoms.  Proximal  ligation  at  the  apex  of  Scarpa's 
triangle  or  at  Hunter's  canal,  or  preferably  double  ligation  of  the 
artery  witli  excision  of  the  sac,  are  the  methods  of  treatment. 

An  innominate  aneurysm  is  usually  complicated  by  a  dilatation 
of  the  arch  of  the  aorta,  and  often  of  the  subclavian  and  carotid  arte- 
ries. The  tumor  usually  appears  above  the  sternum,  in  the  inter- 
clavicular notch,  or  to  the  right,  near  the  origin  of  the  sternomastoid 
muscle.  Owing  to  the  short  course  of  the  innominate  artery  and  on 
account  of  its  location,  the  aneurysm  is  usually  a  sacculated  one,  and 


9o6 


INTERNATIONAL    TEXTBOOK  OF  SURGERY. 


for  this  reason  a  ligature  can  rarely  be  applied  on  the  cardiac  side 
of  the  aneurysm.  For  innominate  aneurysms  several  operations  have 
been  performed — distal  ligation  of  the  subclavian  artery,  ligation  of 
the  right  common  carotid  and  the  right  subclavian  arteries,  or  the  hga- 
tion  of  either.  All  of  these  arc  very  serious  and  grave  operations,  but 
cures  have  been  reported  from  the  use  of  each.  The  innominate  itself 
has  been  ligated  in  all  30  times,  and  usually  for  subclavian  aneurysm. 
Only  4  of  these  ca.ses  are  reported  as  recoveries.  The  important  step 
in  ligating  the  innominate  artery  i.-s  the  excision  of  the  upper  portion 
of  the  sternum,  which  renders  an  otherwise  difficult  operation  a  com- 
paratively simple  one.  The  operation  under  improved  technic  is 
entirely  justifiable. 

Subclavian  aneurysm  is  most  frequent  in  the  outer  or  third  part 
of  the  vessel  and  on  the  right  side.  It  develops  as  a  pulsating  tumor 
above  the  clavicle  and  outside  the  sternomastoid  muscle.  It  gives  rise 
to  disturbance  by  pressure  on  the  brachial  plexus,  and  it  may  cause 
edema  of  the  arm  and  hand.  Ligature  o^  both  the  proximal  and  distal 
sides  have  been  performed,  besides  hgation  of  the  innominate.  Liga- 
ture on  the  proximal  side  of  the  vessel,  followed  by  immediate  ampu- 
tation at  the  shoulder-joint,  has  been  suggested. 

Axillary  aneurysm  is  frequently  of  traumatic  origin,  and  occasion- 
ally occurs  as  the  result  of  an  attempt  to  reduce  old  dislocations  in  a 
patient  with  atheromatous  arteries.  It  often  attains  large  size  from 
looseness  of  the  surrounding  tissues,  and  by  pressure  causes  venous 
obstruction  and  edema,  and  threatens  the  loss  of  the  whole  limb. 
The  axillary  artery  is  rarely  ligated  except  uhere  it  is  wounded  or  for 
a  small  traumatic  aneurysm.  The  operation  for  idiopathic  ancurj'sm 
of  the  axillary  artery  is  the  ligation  of  the  third  portion  of  the  sub- 
clavian artery.  If  there  is  a  recurrence  of  pulsation  in  the  aneurysm. 
the  distal  ligation  of  the  axillary  artery  and,  if  necessary,  excision  of 
the  .sac  are  indicated. 

Carotid  aneurysm  may  occur  at  either  side  of  the  neck,  and  is 
usually  situated  near  its  bifurcation.  The  symptoms  are  the  typical 
pulsating  tumor,  dyspnea,  vertigo,  difficulty  in  swallowing  and  talking, 
cough,  and  ringing  in  the  ears.  The  diagnosis  is  usually  not  difficult. 
Ligation  on  the  cardiac  side  of  the  common  carotid  is  the  best  method 
of  treatment  when  possible ;  otherwise,  distal  ligature.  Syncope,  embo- 
lism, and  hemiplegia  occasionally  occur  following  hgation  of  the  vessel. 
There  are  cases  on  record,  however,  in  which  both  common  carotids 
have  been  ligated  in  the  same  person  successfully. 


The  lymphatic  system  may  be  likened  to  a  series  of  canals  (lymph- 
vessels),  reservoirs  (glands),  and  lymph-spaces.  The  lymph-spaces 
are  simply  channels  in  the  intercellular  substance.  Of  their  embryonic 
origin  but  little  is  known.  For  purposes  of  illustration,  if  we  consider 
each  of  the  larger  canals  as  supplied  by  an  infinite  number  of  small 
feeders  commencing  in  a  cul-de-sac,  an  approximate  idea  may  be  had 

of  the  nature  of  the  lymphatic  sys- 
tem. Now,  if  we  consider  that  these 
cul-dc-sac  feeders  and  the  main 
lymph-channels  are  so  numerous  in 
the  body,  especially  on  the  surface 
of  the  body,  that  the  finest  cambric 
needle  cannot  pass  between  them 
without    wounding,  we    can    then 


I 


Fig.  455.— V»Iv(3  of 

a  lymptiacic  vcuel  (nl^cr 
Braunis  el  Bouchud). 


Fig.  4s6,— Verlical  section  of  B  villus  (after  SiewanI :  a. 
layer  ol  columnar  epithelium  covering  Ihe  villus:  the  outer 
edge  of  the  cells  i>  striated :  *.  central  lacieal  of  the  villiii; 
c,  unsitipn)  muscular  (then ,  d.  mucin-forming  coblel-cells. 


I  imagine  something  of  the  va,st  importance  of  the  lymphatic  system  to 
the  body  in  general,  both  in  health  and  disease.  If  these  lymph-canal 
feeders  were  not,  like  the  parent  trunk,  supplied  with  valves,  the  infec- 
tions would  be  much  earlier  received  into  the  system  and  be  more 
serious;  but  owing  to  the  slight  resistant  action  of  the  valves  in  the 
lymphatics,  which  are  more  numerous  than  the  valves  in  the  veins, 
and  arc  universal  in  lymphatic  vessels  (Fig.  455),  they  easily  become 
obstructed  by  reason  of  irritative  changes,  and  poisonous  material 
, __ 
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microbes  are  kept  out  of  the  general  system.  This  applies  to  all  of 
the  cutaneous  lymph-capillaries. 

Of  the  intimate  structure  of  the  lymphatic  vessels,  we  find  that  the 
anatomy  is  practically  identical  with  that  of  the  venous  system.  It  is 
a  tunica  intima  composed  of  a  bed  of  fusiform  epithelial  cells,  a  middle 
tunic  of  feeble  muscular  fibers  mixed  with  fine  elastic  fibers,  and  an 
external  tunic  or  adventitia,  which  is  formed  of  longitudinal  con- 
nective fibers.  The  glands  or  reservoirs  are  not  mere  continuations 
of  the  tubular  vessel,  but  are  alveolar  structures  communicating  one 
with  the  other — a  true  parenchyma  consisting  of  cells  surrounded  by  a 
screen  of  the  finest  network.  This  reticulated  network  structure  forms 
the  periphery  of  each  alveolus.  The  alveolus  itself  has  been  called 
the  sinus  lymphaticus,  and  with  the  contents  has  been  collectively 
spoken  of  as  a  central  pulp  (Fig,  456).  Large  serous  membranes, 
such  as  the  peritoneum,  have  open  communication  with  the  lymphatic 
vessels — that  is  to  say,  they  con.stitute  one  method  of  commencement 
of  the  lymphatic  vessels,  which  in  that  case  depart  from  the  rule  of 
cul-de-sac  commencements.  The  affl-rent  vessels  coming  to  the  gland 
are  seen  to  enter  it  at  any  part  of  its  periphery,  and  they  open  into  the 
lymph-sinuses  or  the  cortical  portion  of  the  gland.  Likewise  the  effe- 
rent vessels  commence  from  the  lymph-sinuses  of  the  medullary  por- 
tion of  the  gland.  The  blood-vessels  are  supported  by  trabeculse,  and 
although  Kolliker  has  described  the  nerves  entering  the  hilum  of  the 
gland,  the  nerve-fibers  have  not  been  demonstrated  on  the  trabecultc 
(screens),  although  they  doubtless  exist.  The  stream  of  lymph,  then, 
as  it  is  gathered  by  the  vessels  is  brought  to  the  glands,  and  is  retarded 
in  its  passage  by  the  trabecule  tlirough  which  it  must  pass.  Any 
consideration,  then,  of  the  diseases  of  the  lymphatics  must  necessarily 
take  into  account,  in  a  general  way,  the  anatomy  and  function  of  the 
vessels  and  glands.  Wc  must  naturally  consider  the  normal  fluid  of 
the  capillary  vessels,  and  the  fact  that  a  large  part  of  the  constituents 
of  the  blood,  instead  of  passing  back  to  the  heart  from  the  capillaries 
along  the  veins,  must  pass  along  the  lymphatics,  as  the  blood-capil- 
laries are  everywhere  in  intimate  relation  with  the  lymph -capillaries, 
and  that  the  contents  of  these  again  finally  find  their  way  back  to  the 
heart  through  the  thoracic  duct. 

The  rate  of  flow  of  lymph  to  the  heart  is  very  slow,  only  about  4 
milHmcters  (,15748  in.)  per  second,  although  in  the  beginning  it  is  more 
rapid,  corresponding  with  the  rate  of  the  flow  in  the  capillaries  them- 
selves. This  flow  varies,  too,  according  to  the  muscular  pressure  and 
movements  of  the  limbs,  cither  active  or  passive,  and  to  the  force  of 
gravity.  The  movements  of  respiration  also  aid  the  flow  in  the 
lymphatics.  Venous  obstruction,  by  producing  edema,  either  local  or 
general,  increases  blood-pressure  in  the  capillaries  and  the  transudation 
through  the  capillaries.  It  is  true  that  certain  substances  may  be 
injected  into  the  blood,  and  thus,  without  affecting  appreciably  the 
arterial  pressure,  may  increase  the  flow  of  lymph.  These  substances 
are  called  "  lymphagogues."  It  may  be  stated,  however,  as  a  general 
proposition  that  blood-pressure  affects  the  lymphatic  flow  only  in  a  sec- 
ondary and  indirect  manner. 

Finally,  it  is  to  be  remembered  that  the  age  of  the  patient  has  much 
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to  do  with  disease  of  the  lymphatics,  as  the  lymph  or  juices  oX  the  body 
are  more  abundant  in  infancy  and  youth  than  in  old  age.  and  the 
changes  are  carried  on  more  rapidly. 


I 
I 


THE  SPLEEN.' 

Surgical  affections  of  the  spleen  may  be  arranged  in  four  principal 
classes — namely,  traumatic  lesions,  displacements,  parasitic  diseases, 
and  tumors. 

Wounds  of  the  spleen  are  of  the  usual  cla.sses — punctured, 
incised,  and  lacerated  wounds.  Where  these  occur  to  a  large  extent, 
they  are  speedily  fatal  from  excessive  hemorrhage.  In  militarj'  .sur- 
gery, bayonet  wounds  and  gunshot  wounds  are  the  most  frequent 
causes  ;  in  civil  life,  accidental  causes  and  ruptures.  In  malarious  dis- 
tricts enlarged  spleens  have  been  ruptured  by  accidental  blows,  kicks, 
or  injuries  received  on  the  abdomen  over  the  spleen,  frequently  without 
external  sign.  The  author  has  seen  one  fatal  case  of  rupture  of  the 
spleen  where  a  man,  living  in  a  malarious  district  and  the  subject  of 
enlarged  spleen,  was  kicked  by  another  while  in  a  brawl.  The  patient 
died  within  two  hours  after  the  injury.  Post-mortem  examination 
showed  a  transverse  rupture  of  the  spleen,  with  escape  of  blood  into 
the  abdominal  cavity.  The  symptoms  in  such  ca.ses  are  usually  those 
of  concealed  internal  hemorrhage.  Rupture  of  the  spleen  during  labor 
was  observed  by  Hubbard  in  1879. 

Of  uncomplicated  wounds  of  the  spleen,  the  statistics  of  Meyer  show 
2  recoveries  out  of  5,  and  those  of  Otis,  2  out  of  4.  Abine.se  found  a 
case  on  the  seventeenth  day  with  a  wound  of  the  spleen,  the  patient 
having  died  of  general  peritonitis,  where  the  cicatrix  was  7  centimeters 
(2J  inches)  long,  and  the  wound  had  penetrated  into  the  substance  3 
centimeters  (1^  inches).  Bahan  reports  the  case  of  a  French  soldier. 
wounded  at  Sebasiopol,  who  died  with  nephritis  seven  years  after  the 
wound.  He  found  a  portion  of  the  bullet  in  the  spleen.  The  dangers 
of  these  wounds  are  from  hemorrhage  and  from  infection.  The  treat- 
ment therefore  consists  in  laparotomy,  which  should  be  performed  as 
soon  as  the  diagnosis  has  bten  reached.  Arrest  of  hemorrhage  by 
ligature  is  not  possible,  but  direct  hemostatic  pressure  with  iodoform 
gauze  is  indicated.  Where  there  is  hernia  of  the  spleen,  owing  to  a 
wound  of  the  abdominal  parietes,  it  should  be  reduced,  and  the  wound 
sutured,  if  practicable:  but  if  the  hernia  is  not  reducible,  galvanocau- 
tery  to  the  edges  of  the  wound  should  be  made,  or  the  thermocautery 
applied,  in  order  to  secure  adhesion  between  the  lips  of  the  wound  and 
the  protruding  spleen,  after  which  the  portion  of  the  organ  protruding 
may  be  included  with  the  ligature.  Olshausen  recommended  elastic 
ligature  in  these  cases.  Kuchenmeister  separated  the  projecting 
spleen  with  the  thermocautery. 

DisplacetuentS  of  the  spleen  are  usually  traumatic.  In  a  case 
reported  by  Vcrga,  after  a  blow  received  in  the  left  side  from  the  pole 
of  a  vehicle,  the  spleen  was  found  in  the  left  iliac  fossa.  The  spleen  is 
also  displaced  from  hypertrophy  in  the  progress  of  various  diseases 
which  need  not  here  be  referred  to. 

>5ce.l»Vo1-  II.,  Chap.  XIV. 
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The  differentia)  diagnosis  between  displacement  of  the  spleen  and 
of  the  kidney  presents  some  difficulty,  and  must  be  made  by  bimanual 
palpation. 

Treatment  consists  in   palliative  measures,  as  the  wearing  of  an 

appropriate  truss,  splenopexy,  or  ablation. 

Splenitis. — Splenitis  from  infectious  diseases  may  occur  as  either  a 
primary  or  a  secondary  affection.  Primary  tuberculosis  of  the  spleen  is 
somewhat  rare,  as  are  other  primary  pyogenic  infections  of  this  organ. 
The  writer  has  seen  a  case  evidently  of  primary  tuberculosis  of  the 
spleen  in  the  Presbyterian  Hospital,  Chicago,  in  which  the  spleen  had 
attained  an  enormous  volume  and  was  painful  and  lender  to  the  touch. 
The  edge  of  the  spleen  could  be  felt  on  the  right  side  of  the  linea  alba, 
and  the  lower  left  iliac  fossa  was  entirely  occupied  by  a  dense  mass 
which  finally  fluctuated.  An  incision  was  made  and  the  capsule 
exposed,  but  it  was  found  impracticable  to  remove  it,  owing  to  the 
density  and  strong  posterior  adhesions.  An  incision  was  therefore 
made  in  the  capsule,  the  tuberculous  matter  evacuated,  and  at  the  same 
time  a  large  portion  of  the  inflamed  mass  turned  out  with  the  fingers. 
The  wound  was  thoroughly  clean.sed  with  iodin-water  and  packed  with 
iodoform  gauze.  The  hemorrhage  was  very  slight,  and  the  tempera- 
ture, which  had  been  high,  fell  immediately  after  the  operation  to  a 
normal  point.  The  dressings  were  changed  daily  for  a  period  of  about 
three  months,  but  the  patient  became  greatly  emaciated  and  died. 
Tubercle  bacilli  were  found  in  the  substance  of  the  spleen  during  the 
life  of  the  patient,  leaving  no  doubt  as  to  the  diagnosis. 

While  abscesses  following  traumatism  may  occur  without  an  open 
wound,  they  are  extremely  rare,  and  even  in  military  surgery  it  is  found, 
as  a  rule,  that  the  subjects  of  splenic  abscesses  have  previously  been 
attacked  by  infectious  or  paludal  di.sease.  These  absces.ses  may  open 
through  the  diaphragm  into  the  pleura,  the  stomach,  the  descencfing 
colon,  the  vagina,  splenic  vein,  or  peritoneal  cavity. 

Grand-Moursel  has  compiled  a  table  of  the  relative  frequency  of 
these  different  points  in  57  cases. 

Splenectomy  has  been  practised  in  these  cases  by  Billroth.  Meyers, 
and  others,  but  the  operation  has  not  been  generally  followed  by  suc- 
cess, as  in  the  majority  of  cases  septicemia  is  well  under  way  before 
the  abscess  reaches  that  stage  of  development  when  its  recognition  is 
certain. 

Hydatid  disease  of  the  spleen  is  verj'  uncommon,  but  in  those 
countries  where  echinococci  are  found,  cases  have  been  reported.  The 
only  means  of  making  a  differential  diagnosis  between  hydatid  and 
other  cystic  tumors  of  the  spleen  is  by  puncture  and  examination  of 
the  enclosed  fluid,  where  the  booklets  of  the  hydatid  can  be  found. 
After  a  diagnosis  has  been  reached  by  puncture,  an  incision  should  be 
made  over  the  center  of  the  tumor  parallel  with  the  twelfth  rib.  and  the 
cyst-wall  attached  by  suture  to  the  peritoneum.  In  five  or  six  days 
ignipuncture  should  tie  made,  evacuating  the  contents  of  the  cyst  and 
packing  the  cavity  with  iodoform  gauze,  renewing  the  dressing  from 
time  to  time  until  the  wound  heals. 

Neoplasms. — The  tumors  of  the  spleen  are  lymphadenoma, 
fibroma,  epithelioma,  and  sarcoma.      Lymphadenoma  of  the  spleen  is 
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usually  an  accompaniment  of  leukemia,  and  is  attended  with  the  usual 
symptoms  of  that  affection  and  similar  enlargements  of  the  lymphatic 
glands  of  the  liver  and  of  other  organs.  The  symptoms  of  leukemia 
are  always  manifest,  which  consist  in  alteration  and  diminution  of  the 
number  of  red  blood-corpuscles,  with  great  increase  in  the  number  of 
while  blood-corpuscles.  The  disease,  as  will  be  seen  further  on,  is  pro- 
gressive and  fatal.  Splenectomy  for  tlie  enlarged  leukemic  spleen  has 
been  practised,  but  the  operations  have  invariably  been  fatal,  Jonnesco 
has  performed  splenectomy  for  the  liypertrophied  spleen  of  malaria 
with  success,  and  beheves  it  to  be  the  proper  treatment  for  chronic 
relapsing  cases.  Fibroma  of  the  spleen  is  usually  congenital,  and  is 
very  rare.  In  sarcoma  of  the  spleen  we  find  the  tumor  springing  from 
the  capsule,  and  sometimes  from  the  trabecular  fibrous  structure.  It  Is 
very  vascular,  grows  to  an  enormous  volume,  and  is  uniformly  fatal. 
It  is  inoperable  e.vcept  in  the  early  stage.  Epithelioma  of  the  spleen  is 
also  extremely  rare.  Nineteen  cases  have  been  collected  by  Besnier. 
In  these  cases  the  normal  splenic  tissue  disappears  and  is  replaced  by 
epithelial  ceils  proliferating  in  the  alveoli. 

In  all  cases  of  splenic  tumors,  when  the  diagnosis  is  made  early, 
splenectomy  should  be  the  rule.  Pean  made  the  suggestion  that  in  the 
performance  of  splenectomy  the  ligature  should  be  placed  as  far 
away  from  the  hilum  as  practicable,  and  then  seized  by  a  hemostatic 
clamp  before  cutting  the  pedicle.  The  clamp  should  remain  in  place 
for  twenty-four  hours. 

Anomalies. — Several  observers  have  found  the  spleen  deficient  or 
wanting.  Supernumerary  spleens  have  been  reported,  and  several  cases 
of  multiple  spleens  are  on  record. 


THE  LYMPHATIC  VESSELS  AND  GLANDS. 

Inflammation  of  I,ymph-glands. — Angioleuciiis  and  lymphan- 
gitis are  terms  applied  to  inflammation  of  the  lymphatic  vessels  as  a 
result  of  the  introduction  into  their  channels  of  irritant  chemicals  or 
microbes;  a  sunburn,  or  electricity  in  the  form  of  the  Rontgen  rays 
has  also  produced  it.  Almost  any  of  the  ordinary  causes  of  inflam- 
mation of  the  skin  are  manifested  by  the  lymphatics,  and  the  most 
usual  source  is  an  abrasion  of  the  skin  or  puncture  which  removes  the 
epidermis,  as  in  the  case  of  persons  handling  hides,  those  engaged  in 
dissections,  surgical  operations  in  cases  where  septic  material  exists,  or 
persons  engaged  in  handling  decomposed  tissues.  The  inflammation 
begins  with  the  usual  symptoms  of  inflammation,  such  as  redness,  heat, 
swelling,  and  pain  in  a  small  area,  and  these  signs  gradually  extend 
toward  the  body  in  the  hue  of  the  lymphatic  vessel.  Sometimes,  so 
rapid  is  this  transmission  that  the  outline  of  the  vessel  can  be  seen 
distinct  from  the  surrounding  tissues  by  its  redness,  which  increases 
and  finally  extends  to  the  nearest  lymphatic  gland.  When  the  gland 
is  reached,  that  body  becomes  at  once  swollen  and  tender,  and  if  the 
microbic  invasion  be  sufl^cient,  active  inflammation  is  set  up  in  the 
trabecule  of  the  gland,  and  suppuration  follows.  The  patient  is  for- 
tunate if  the  inflammation  ends  here;  but  not  infrequently  at  this  stage 
constitutional  symptoms  arc  developed,  manifested  by  fever,  rigors,  and 
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all  the  evi4ences  of  septicemia.  Where  the  temperature  is  marked  by 
a  sharp  rise,  metastatic  abscesses  may  develop  in  internal  organs  or  in 
the  lymphatics  quite  remote  from  the  original  point  of  infection. 
Where  a  gland  becomes  infected  in  the  groin  as  a  result  of  invasion 
of  the  gonococcus  or  the  bacillus  of  Lustgarten,  it  is  termed  a  bubo, 
and  the  primary  disease  docs  not  usually  extend  further.  The  reason 
for  the  stoppage  of  the  infection  by  the  gland  is  owing  to  the  closure 
of  the  efferent  vessel  in  the  medullary  substance  by  adhesion  of  the 
endothelium  and  complete  ob.struction  of  the  efferent  vessel  itself. 

Lymphangitis  as  a  secondary  affection  is  seen  after  diphtheria, 
scarlet  fever,  typhoid  fever,  typhus,  and  is  constant  in  bubonic  plague. 
Lymphangitis  produced  by  the  streptococcus  of  erysipelas  will  be 
referred  to  elsewhere  under  that  head.  The  lymphatics  play  an  impor- 
tant part  in  the  diffusion  of  carcinoma,  differing  in  this  respect  from 
sarcoma,  which  is  transmitted  by  the  veins. 

Treatment. — The  treatment  of  lymphangitis  should  be  immediate 
and  directed  to  the  cause  of  the  affection.  Chemical  antiseptics  should 
be  applied  at  once  to  the  skin  at  the  original  point  of  invasion.  A  solu- 
tion of  carbolic  acid,  bichlorid  of  mercury,  aluminum  acetate,  or  boric 
acid,  with  the  dressings  frequently  changed,  is  among  the  favorite 
applications.  If  the  gland  is  much  swollen  and  remains  hard,  the  injec- 
tion of  a  5  per  cent,  solution  of  carbolic  acid  will  frequently  allay  the 
symptoms.  Injections  of  alcohol  have  also  been  practised.  The  indu- 
ration of  the  lymphatic  gland  may  remain  for  a  long  time,  the  microbes 
apparently  remaining  latent  in  the  gland.  Years  may  elapse  before  the 
normal  size  of  the  gland  is  reached.  When  the  gland  proceeds  to  sup- 
puration, however,  the  pus  should  be  promptly  evacuated  or  the  gland 
excised.  Evacuation  of  the  pus  and  subsequent  drainage  arc  usually 
followed  by  prompt  recovery. 

Tuberculous  I,ymphaugitis. — Tuberculous  lymphangitis  may 
be  seen  in  any  of  the  gland.s  of  the  body,  especially  of  the  intestine 
and  glands  of  the  neck.  The  onset  of  the  affection  is  slow.  The  exact 
method  of  invasion  is  not  well  understood,  as  the  first  symptom  of  the 
affection  is  usually  swelling  of  the  superficial  glands,  which  may  be  felt 
just  under  the  skin  as  hard.  firm,  and  not  very  painful  bodies.  As  the 
disease  progres.ses  the  .swelling  is  more  pronounced,  the  gland  becomes 
larger  and  more  painful,  and  in  some  cases  pressure -effects  are  notice- 
able. The  enlarged  glands  connected  with  certain  group.s — those  just 
anterior  to  the  sternocleidomastoid  muscle,  for  example — will  be  found 
to  involve  the  entire  chain  of  lymphatics  in  this  region.  The  writer  has 
removed  as  many  as  thirty  at  a  single  operation,  all  connected,  and 
varying  in  size  from  a  coffee  berrj'  to  that  of  an  English  walnut.  Left 
to  themselves,  there  is  a  tendency  for  the  disease  to  spread  through  the 
vessels  to  adjacent  lymphatics  until  both  the  superficial  and  deep 
lymphatics  of  the  neck  are  implicated.  Then,  when  the  inflammation 
becomes  sufficiently  acute,  the  larger  glands  fluctuate,  suppuration 
becomes  established,  and  the  abscess  points ;  or  in  some  cases,  where 
the  skin  is  not  broken,  the  liquefied  tubercle  burrows  deeply  in  the 
neck,  sometimes  extending  to  the  thoracic  cavity,  and  the  life  of  the 
patient  is  finally  involved,  disseminated  tuberculosis,  in  which  miliary 
tubercles  are  found  in  the  lung  and  elsewhere,  ushering  in  a  fatal  result. 
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Treatment. — Tuberculous  glands  of  the  neck  should  be  removed 
by  operation  as  soon  as  a  diagnosis  is  made,  befort;  very  extensive 
involvement  of  the  adjacent  glands  has  occurred.  In  these  cases  it  is 
usually  necessary  to  divide  the  stemoniastoid  muscle,  turning  the  ends 
out  of  the  wound,  so  that  the  chain  nf  glands  may  be  removed  in  its 
entirety.  Care  should  be  taken  during  the  operation  that  none  of  the 
tuberculous  matter  is  left  in  the  tissues.  Whenever  practicable,  the 
glands  should  be  removed  from  below  upward,  and  when  the  mass  has 
been  separated  as  far  as  the  jugular  fossa,  it  should  be  seized  and 
twisted  off  at  its  upper  attachment.  After  the  operation  the  ends  of 
the  divided  muscle  are  brought  together  with  strong  catgut  suture,  and 
the  wound  closed  with  silkworm-gut  Cod-liver  oil  internally  and 
guaiaco!  should  be  persevered  in   for  a  long  period. 

Hodgkin's  Disease;  Ivymphadenoma ;  Pseudoleukemia. — 
This  is  to  be  distinguished  from  leukemia  by  the  exammation  of  the 
blood,  which  is  normal.  The  disease  is  seen  frequently  in  childhood. 
and  usually  begins  in  the  neck,  the  whole  chain  of  glands  becoming 
involved,  and  finally  the  adenoid  tissue  throughout  the  body,  the  axil- 
lary glands,  and  glands  in  the  groin  being  particularly  noticeable. 
There  is  no  pain  in  the  swollen  gland.s.  If,  however,  a  section  is  made 
of  one  of  them,  it  is  found  that  the  trabecular  structure  is  largely  lost, 
and  is  replaced  by  lymphoid  cells.  In  certain  cases  the  fibrous  struct- 
ure seems  to  be  increased,  in  which  event  the  glands  become  hard  and 
firm.  Death  usually  occurs  with  some  manifestations  of  leukocytosis, 
diarrhea,  or  general  anasarca  from  lymphatic  ob.struction. 

I,ymphadenoma  of  the  Bones. — In  1866  Ranvicr  described  the 
lesions  in  the  pelvis  of  a  child  of  ten  years,  and  Pericr  in  1884  saw  a 
case  in  the  inferior  maxilla  in  a  patient  twenty-four  years  old.  These 
were  also  accompanied  by  multiple  lymphatic  tumors  in  the  spinal 
column,  in  the  rib.':,  and  in  the  tibia;.  Lannelongue  and  Broussais  have 
also  described  osseous  lymphafienoma  which  developed  in  young  sub- 
jects, and  is  seen  in  two  different  forms.  In  one  series  of  cases  the  sub- 
jects are  leukemic,  and  the  lesions  are  diffuse  in  the  medullary  cavities. 
In  the  .second  variety  they  are  seen  as  tumors  and  distinct  masses, 
accompanied  by  leukocytosis,  and  often  by  true  leukocythemia.  All  the 
cases  so  far  reported  have  died.  The  diagnosis  from  osteosarcoma  was 
made  by  the  presence  of  the  leukocythemia.  which  is  absent  in  the 
latter  case. 

Treatment. — Treatment,  either  medical  or  surgical,  has  heretofore 
been  of  little  avail.  The  use  of  thyroid  extract,  winch  has  proved  so 
effective  in  certain  c.isus  of  bronchoccle  and  in  myxedema,  has  been 
suggested,  and  from  what  is  known  of  its  excellent  results  in  my.vcdcma 
it  would  seem  tn  be  worthy  of  further  trial, 

I/3'inphangioma. — In  this  disease  the  plexiform  vessels  are  lymph- 
vessels  instead  of  blood-vessels.  We  have  the  same  divisions  as  in 
angioma — that  is,  (1)  capillar}',  (2)  cavernous,  and  (3)  cystic.  In  the 
capillary  variety  the  tumor  is  composed  of  lymph-.spaces  and  lymphatic 
vessels.  The  cavernous  variety  consists  of  dilated  sjiaces  containing 
lymph,  communicating  with  each  other.  Capillary  lymphangioma  is 
congenital  always,  and  ihe  cavernous  and  cystic  varieties  may  be  con- 
genital, but  usually  develop  after  birth.     The  capillary  form  is  somc- 
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times  termed  lymphatic  nevus.  In  the  cystic  form  of  lymphangioma 
the  affection  is  formed  probably  by  tlie  obstruction  of  a  .singlt 
lymphatic  or  by  the  dilatation  of  a  single  space,  which,  extending  to 
others,  obliterates  the  trabecule,  and  finally  forms  a  single  cj'st,  the 
walls  of  which  consist  of  fibrous  tissue  lined  with  epithelium  containing 
lymph. 

Cystic  Hygroma. — This  is  a  congenital  disease  arising  from  a 
defect  of  the    lymphatics.      It   occurs   most  frequently  in    the    neck — 


Fig.  457. — Cavernous  lymphangioma  of  neck  and  axilla  in  a  young  woman  i  Homan'a  caie). 


when  it  is  termed  hydrocele  of  the  neck — in  the  axilla  or  on  the  back, 

and  occasionally  in  the  region  of  the  kidney  (Treves).  It  springs  from 
the  lymphatics,  from  beneath  the  deep  cervical  fascia,  and  may  be  pres- 
ent on  either  side  of  the  mastoid  muscles.  Sometimes  these  cysts  are 
connected  with  the  branchial  clefts,  and  then  cannot  be  distinguished 
from  ordinary  branchial  cysts.  The  treatment  is  excision  of  all  of 
the  tumor  that  can  be  excised,  under  antiseptic  precautions,  packing 
the  wound  with  iodoform  gauze,  and  allowing  it  to  close  by  granu- 
lation. 

Macroglossia. — Several  affections  have  been   designated   under 
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the  general  term  of  macroglossia.  but  here  we  shall  refer  only  to  those 
having  lympliatJc  origin.  They  may  be  congenital  or  develop  later. 
Butlin  has  recognised  the  causes  as  mostly  local,  such  as  abscess, 
ranula.  salivation,  or  wounds;  general  causes,  such  as  those  resulting 
from  small-pox.  scarlet  fever,  diphtheria;  and  traumatic  causes,  biting 
of  the  tongue  by  epileptics,  etc.  These  point  unfailingly  to  a  niicroblc 
origin.  However  it  may  exist,  it  is  found  that  the  lymphatic  vessels 
are  dilated,  and  for  the  most  part  it  is  observed  as  a  cavernous  lymph- 
angioma, sometimes  as  serous  multilocular  cysts.  In  the  beginning 
the  tongue  commences  to  increase  in  size  until  it  becomes  so  large 
that  it  protrudes  from  the  mouth,  when  the  normal  aspect  of  the 
tongue  is  entirely  changed  by  the  drj'ing  of  the  mucous  surface  and 
the  thickening  and  enlargement  of  the  papilla;.  Mechanically,  the 
lower  Jaw  becomes  affected  after  a  time  until  it  is  finally  dislocated. 
Respiration  is  little  affected,  and  the  swallowing  of  liquids  can  be  per- 
formed; but  the  taste  becomes  lost,  and  the  mastication  of  solid  food 
is  impossible.     Diagnosis  offers  little  difficulty. 

Treatment. — Compres.sion  has  been  tried  without  avail.  Deep 
ignipuncture  has  been  practised  by  Helferich,  but  amputation  is  about 
the  only  remedy.  This  may  be  practised  by  excising  the  thickened 
tongue  in  V-shape,  bringing  the  flaps  together  in  the  center  with  deep 
sutures  of  silkworm-gut  or  silver  wire.  The  danger  in  all  cases  of 
operations  here,  as  elsewhere  about  the  mouth,  is  from  infection. 
There  is  no  known  means  of  absolutely  preventing  it.  Frequent 
paintings  with  alcohol  over  the  line  of  incision  are  advisable.  The 
sutures  should  be  removed  before  suppuration  takes  place,  as  invasion 
by  mouth  bacteria  is  almost  certain.  Though  the  results  are  satis- 
factory, the  complications  will  recjuire  treatment.  Sometimes  the 
removal  of  the  teeth  and  the  replacement  of  the  lower  jaw  arc  effected 
with  much  difficulty.  Division  of  the  neck  just  below  the  condyle  has 
been  recommended. 

Macrocheilia. — This  is  a  congenital  lymphangioma  of  the  lip, 
followed  by  great  hypertrophy,  with  growth  sometimes  extending  to 
the  cheek  It  continues  to  increase  with  the  groivth  of  the  patient. 
The  swelling  is  not  very  compressible.' 

The  diagnosis  from  tuberculosis  is  made  by  attention  to  the  history 
of  the  case  and  a  section  of  the  tumor.  Tuberculosis  of  the  lip  is 
rarely,  if  ever,  congenital,  and  by  examination  witli  a  low  power  the 
lymphatic  capillaries  can  be  demonstrated.  Excision  of  the  whole 
mass  is  the  only  remedy, 

Blepbantiasis  is  a  condition  of  hypertrophy  of  the  skin  and  sub- 
cutaneous tissues,  usually  held  to  be  due  to  obstruction  of  the  lymph- 
channels.  In  its  typical  form  it  is  endemic  in  certain  tropica!  and  sub- 
tropical regions,  where  it  is  definitely  known  to  be  the  result  of  the 
entrance  into  the  .system  of  a  parasite,  the  Filaria  sanguinis  hominis  of 
Lewis.  This,  according  to  Chemin.  was  first  detected  in  the  human 
fluids  in  r  863  by  Dcmarquay,  who  found  it  in  a  hydrocele,  and  since  then, 
by  the  "itudies  of  Wucherer,  Lewis,  Bancroft,  Manson,  and  others,"  it  has 
become  more  thoroughly  known,  and  its  life  history  and  connection  with 
the  condition  in  question  have  been  fully  elucidated.    The  parasites  are 

■  $e«  Vol,  II.,  Chapler  I.  ■  See  Chapter  IV.,  oo  ihe  P>llu>l<^y  of  Ibe  Blood. 
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found  to  abound  in  tlie  lymphatics,  and  the  most  accepted  theory  i 
action  i'^  prribr.htv  tli.it  which  attributes  the  obstruction  of  these  vessels 

to  their  large  hemispherical  ova,  while 
the  elongated  animals  themselves  are 
less  probably  the  cause  of  the  lymph- 
stasis.  Their  introduction  into  the 
system  is  commonly  supposed  to  be 
through  drinking  water. 

The  usual  clinical  picture  of  ele- 
phantiasis is,  in  its  incipiency.  that  of 
febrile  paroxysms  attended  with  great 
suffering,  nausea,  pain  in  the  lumbar 
regions,  groin,  scrotum,  etc..  followed 
by  chyluria  and  severe  congestion 
and  swelling  of  the  parts.  As  the 
disease  progresses,  the  limb  or  other 
regions  involved  become  enormously 
enlarged,  the  scrotum  or  labia  alone, 
in  some  instances,  weighing  over  one 
hundred  pounds.  The  parts  arc  in- 
filtrated with  a  lymphoid  fluid  which  , 
oozes  from  the  cracks  and  fissures  in 
]j^  ^B  the  thickened  and  rugose  epidermis. 

^M  ^m  As    strict    cleanliness    is    difficult  or 

™  ^^  impossible,  the  growth  becomes  fetid 

and  offensive,  and  while,  with  the  en- 
largement, sensibility  is  dulled  or  lost, 
the  condition  is  a  miserable  one  and 
life  is  a  burden  (Fig.  458). 

The  disorder  is  endemic  in  various 
parts  of  the  world — South  America, 
the  West  Indies,  Africa.  India,  Aus- 
tralia, and  elsewhere — and  it  is  said 
to  be  not  infrequent  in  some  of  the 
southern  states  of  America,  where  It 
is  probably  due  to  the  same  cause  as 
elsewhere  in  warm  regions. 

h.  false  or  noii~parasitic  clcpkantia- 
sis  is  occasionally  observed,  more  or 
less  closely  resembling  the  true  tropi- 
cal disease,  and  has  generally  been 
a.scribed  to  lymphatic  obstruction.  It  has  been  observed  after  gonor- 
rheal lymphangitis  or  syphilitic  disease,  and  congenital  cases  have  been 
described,  in  some  instances  apparently  associated  with  hereditary 
specific  infection.  According  to  Haferkorn,'  such  cases  of  lymphan- 
gitis with  lymphorrhagia.  passing  gradually  into  a  form  of  elephantia- 
sis {eli-fikantiasis  mollis),  and  not  connected  with  filarial  disease,  are 
often  due  to  congenital  defects  analogous  to  those  producing  varicose 
veins.  The  disorder  is  due  more  to  stasis  from  weakness  and  dilatation 
of  lymph-channels  than  to  their  actual  obstruction. 

>  Dtuiiihc  Arck.  far  tlm.  Med.,  No.  56,  p.  403. 


Flu,  45fl. — Lymph-SL^rotum  (Fiji  [alanilcr 
cleph^ntL.isia.  nmcLy  pounds. 
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The  diagnosis  of  true  tropical  elephantiasis  is  approximately  reli- 
able from  tile  history  and  symptoms  in  any  individual  case,  but  is  ren- 
dered certain  only  by  the  finding  of  the  parasite  or  its  embr>'o.  The 
treatment  is  limited  to  change  of  resilience  in  the  earlier  stages  from 
the  tropics  to  a  colder  climate,  and,  later,  surgical  interference  may  be 
almost  the  only  resource.  This  is  often  effective  where  the  disease  is 
confined  to  a  limb  or  other  part  that  can  be  completely  amputated,  hke 
the  scrotum,  but  there  is  a  degree  of  uncertainty  as  to  this,  for  it  may 
be  that  not  all  the  parasites  are  removed,  even  in  extensive  amputations. 
Medical  treatment  is  not  encouraging  as  to  the  removal  of  the  disease, 
though  some  success  has  been  claimed  from  the  use  of  methylene  blue, 
which  is  said  to  be  readily  taken  up  by  the  filarial  cells,  and  is  fatal  to 
the  parasites.  Aside  from  this,  general  treatment  must  be  limited  to 
attention  to  the  general  health,  the  excretions,  the  use  of  tonics,  and 
anodynes  to  relieve  pain.  The  disorder  does  not  directly  threaten 
life,  but  it  makes  it  a  burden  to  the  patient  and  offensive  to  those 
about  him. 

Chylaria,  when  not  as.sociated  with  traumatism,  parasitic  disease, 
or  other  extensive  obstruction  of  lymphatics,  is  rare,  and  its  cau.se  is 
generally  obscure.  The  simplest  cause  of  non-parasitic  chyluria  would 
be  a  traumatism  connecting  the  lymph-channels  with  the  urinary 
passages,  and  the  possibihty  of  abnormal  dilatation  and  weakness  oif 
lymphatics  in  the  vicinity  of  the  urinary  tract  is  also  to  be  considered. 
It  is  often  irregular  in  its  appearance  in  these  cases  without  apparent 
cause.  Aside  from  the  possibility  of  its  causing  retention  of  the  urine 
from  lymph-coagulation  in  the  bladder,  which  can  be  relieved  by 
repeated  injection  and  withdrawal  of  a  warm  solution  of  sodium  bicar- 
bonate, this  symptom  by  itself  rarely  causes  any  serious  inconvenience. 

Lymph- fistulae  with  lymphorrhea  are  generally  the  results  of 
wounds  or  ulcers.  They  may  be  due  to  the  opening  of  enlarged  and 
suppurating  glands,  to  the  removal  of  tumors,  to  compound  fractures, 
or  be  accidentally  produced  by  the  operation  of  phlebotomy.  If  there 
is  already  a  condition  of  enlargement  or  relaxation  of  the  lymphatics, 
their  production  is  facilitated. 

Ordinarily,  they  occur  in  the  neighborhood  of  joints,  such  as  the 
axilla,  the  groin,  the  elbow,  etc.  If  not  very  large,  they  cause  httle 
trouble  other  than  fr.om  the  moisture  of  the  part  caused  by  the  con- 
slant  oozing.  This  may  be  an  inconvenience  when  treatment  for 
closure  fails. 

When  occurring  as  a  complication  of  compound  fractures,  there  is 
liable  to  be  a  condition  of  severe  nervous  shock  and  depression  of  the 
vital  powers,  which  I  have  been  led  to  consider  as  directly  associated 
with  this  accident.  The  condition  is  more  or  less  persistent,  and  may 
seriously  embarrass  the  prognosis.  Indeed,  a  fatal  result  is  not 
uncommon. 

In  recent  cases  compression  will  often  be  sufficient  treatment,  the 
pressure  being  applied  below  or  over  the  wound,  preferably  the  fornier, 
as  the  latter  may  cause  edema  or  abscess. 

When  nervous  depression  is  marked,  besides  local  treatment,  eleva- 
tion of  the  part,  massage,  etc.,  with  vigorous  stimulation,  arc  required 
to  meet  the  condition. 
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Rapture  of  the  thoracic  dnct,  though  a  rare  accident,  may 
follow  contusions  of  the  chest,  punctured  or  gunshot  wound,  suppiH 
rativc  or  ulcerative  disease,  and  may  occur  sometimes  from  causes  not 
apparent  It  may  also  be  involved  in  operation  in  the  region  of  the 
neck,  as  the  arch  of  the  duct  has  been  observed  as  high  as  two  incJ 
above  the  sternum  and  touching  the  thyroid  gland,  and  this  possibtlil 
should  be  kept  in  mind  in  case  of  surgical  procedures  in  the  lower  cer-' 
vical  region.  It  may  be  caused  also  by  back  pressure  from  obstruc- 
tion more  centrally  situated.  In  any  case,  and  whatever  the  cause,  tt, 
is  a  more  serious  matter  than  wound  or  rupture  of  the  more  peripht 
lymphatics.  Unless  some  anatomical  condition  exists  thai  can  render"' 
possible  a  collateral  lymph -circulation,  or  spontaneous  healing  takes 
place,  death  is  probable  within  a  longer  or  shorter  period,  from  inani-j 
lion.  The  chylous  extra\-asation  may  also  itself  gi\'e  rise  to  serious 
consequences  in  compression  of  the  lung  (chylothorax)  or  chylous 
ascites.  It  is  probable  that  in  many  cases  a  collateral  circulation  is 
possible,  as  suggested  by  Welch,  who  says  that  he  has  seen  the  tho- 
racic duct  completely  occluded  without  serious  interference  wtth  the 
Bow. 

Treatment. — Keen,'  Bocgehold.'  and  Phelps*  have  also  shonii  that 
surgical  interference  may  be  successful  in  this  accident.  In  Keen's 
case  suturing  of  the  duct  resulted  in  a  cure  in  eight  days.  Even  after 
extensive  chylothorax.  recovery  may  spontaneously  occur  if  the  fluid 
is  evacuated  {Kirchner|. 

Boegehold.  on  the  basis  of  experiments  on  dogs  and  some  clinical 
observations,  appears  to  think  that  closure  of  the  duct  is  not  neces- 
sarily fatal,  and  it  is  possible  that  even  with  an  apparcndy  single 
unbranched  thoracic  duct  the  collateral  circulation  may  in  some  way 
be  set  up.  While,  therefore.  Keen's  ad\-ice  as  to  suturing  the  duct 
when  practicable  is  to  be  followed,  where  this  is  impossible  for  any 
reason  the  surgeon  may  rationally  employ  packing  and  compression, 
even  to  the  extent  of  the  occlusion  of  the  canal,  with  some  hope  of 
successful  results. 

In  8  out  of  9  reported  cases  of  operative  injury  to  the  thoracic  duct, 
recovery  followed  compression,  packing,  or  suture;  and  in  the  single 
fatal  case  death  resulted  from  the  shock  of  a  severe  operatiorL 


'  X.    K  Mid.  Jmr. ,  1894.  vol.  III. ,  p.  569. 

*  Ank.  fSr  tlin.  Ckirmg.,  1893,  »ol.  nil.,  p.  443. 
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postpharyngeal  in  Poll's  disease,  835 
treatment,  S40 

psoas,  in  Pott's  disease,  835 
treatment,  840 

subfiiscial,  71 
Absorption  of  ligatures,  136 
Acardiac  fetuses,  493 

Accident  wounds,  aseptic  trcalment  of,  189 
A.  C.  E.  mixture,  438 

administration  of,  457 
Acetabulum,  fracture  of,  565 
Achillodynia,  70a 
Acromegaly,  688 

treatment  of,  6S8 
Actinomyces,  197 
Actinomycosis,  197 

abdominal,  aoo 

alria  of  Infeclion  in,  199 

bacteriolDKy,  36 

course,  199 

diagnosis.  301 

ficiocervic^il  form  of,  igg 

gross  path<tl<t^ica]  anatumv  of,  198 

history  of,  197 

minute  analomv,  T08 

pult^onarv  IncalLZ,itio1i,  aoo 

symptom*;,  109 

treatment  aoa 
Active  hyperemia,  43 
Actual  cautery.  416 
Acupuncture  in  aneurysm,  90a 


I  Acute  abscess,  67 
I      arteritis,  888 

bursitis  769 

epiphysitis,  667 

gouty   arthritis.  696.      See   Arthritis,  acute 

necmsis  of  bone,  667 
non -suppurative  periostitis,  665 
osteomyelitis,  665.     Sec  OsteomjreiUis. 
of  vertebrss,  8a8 
simple  tenosynovitis,  763 
tetanus,  181 

tuberculosis  of  bone,  676 
Adams's  osteotomy  of  femur.  370 

saw,  371 
Adenomat.t.  484 
sebaceous,  487 
Adhesive  plaster,  414 
Adrenal  tumors,  479 
Aerobic  bacteria,  18 
After-fever,  140 
Agar-agar.  33 

Age,  influence  on  repair,  no 
Air-embolism,  884 
Albuminous  periostitis,  663 
.Albuminuric  gangrene,  319 
Albumoses  In  aseptic  wound  fever,  14a 
Alcohol  in  aseptic  surgery,  37a 

melhcHl  of  sterilizing  catgut,  376 
Allis's  classification  of  hip^islocalions,  653 
method  of  reducing  hip-disloealions,  661 
Alveolar  sarcoma,  475 

Ambulatory  dressings  for  fractures  of  leg,  5S7 
American  bandage  of  foot,  407 
Am<Eba  coli  in  suppuration,  58 
Amputating  knife,  333 
Amputations,  339 
arm,  339 

scapula  and  pari  of  clavicle.  341 
Wvcth's.  339 
Berger's,  341 
Chopari's,  344 
circular  method,  333 
control  of  hemorrhage  in,  331 
elbow-joint,  338 
.interior  flap.  338 
lateral  flap,  339 
fingers,  335 
flap-method,  333 
fiirearm,  337 
Hey  5,  343 
hip-joint,  354 

anterior  flap-melhod,  356 
anieriur  racket  method,  355 
circular  melhod.  357 
Esm:irch  s  melhod,  357 
extern.il  nickel  incision,  355 
Furneaux-Jiirilan's  method,  356 
modifietl  ov.il  mt-liiod,  355 
ovjil  method,  335 
Senn's  bloodless  method,  357 
Wyelh's  bloodless  method,  357 

SO 
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Amputations  in  compound  Fraclure.  510 

in  conliguily,  339 
in  continuity,  339 
instruments  rt'iiuitud  in.  333 
inter mi'ciiatf,  .lag 
jnterscipulolhoracic,  341 
knee,  351 
Garden's  meihod,  351 

■(jriltr'-v  niilllD.l,  351 

through  the  condyld,  3Sa 
leg.  34B 

Bel  Is.  350 

Hey- Lee,  349 

liiwcTlh  rii.  348,  351 

middle  tliii-d.  349 

upper  third  350 
■LiBfrancs,  343 

loTi|j  anrcnur  flap-metliod,  334 
long  reclan^ulnr  flap-melliod,  334 
Malgaignt's.  336 
mcdiolar^al,  344 
ineiacarpa!  bones,  333 
meiacarpophalangcui  aniculatloD,  335 
Tncl,it.-irsa]  bone,  343 

methods  of,  333  ' 

cval  mi^thad,  334 
Pirogoff'a  346 

primary,  3*9  ■ 

racket,  333 
Roux'5,  346 
■econdai^.  339 
«houldcr-joinl,  340 

doulile-llap  mulliud,  340 

l,:irrey's  jikjISkhJ,  340 

Li&franc'^  method,  340 

oval  metbod,  340 

Spence's  m^tliofL,  341 

Wyelh  •.,  341 
by  skin -flaps  and  circular  division  of  miuclei, 

333 

sus  maU^olaire.  349 
Symesi  345 
thigh.  353 

long  anterior  flap-method,  354 

modified  circular  method,  354 
flap-npcratinn  in  lower  third,  353 

S^dillots  tnethod,  354 

Vermiile'5,  3S3 

Wyelh's,  3.S4 
libioi.irsal,  345 
loes,  342 

two  adjoining.  343 
wrist,  336 

anli:rnpi>5lerior  Rnips,  336 

circviJar  melhnd,  3.^^ 

external  iitcr;*!  Unip,  337 
AnaSrobic  hrtcieriii  t8 

cukivnluin   13 
An»Iomicai   tibprclr,  loS,  144 
Anesthfsia  by  culd  4J2 
cocam,  450 

in  minor  siirpcrv,  423 
ethyl  liromiil,  in  minor  surgery,  431 
ethyl  chlond,  430 
eucain,  4^t 

in  miniNr  ^iirccrv.  426 
gi-ner.il,  437 
holociiin,  451 
inlillrnliiin,  450 

in  minor  Mirgery,  435 
local.  440 

in  mmor  surgery.  422 
nitrous  olid,  431 


Anesthesia,  nitrous  oxid  ajid  ether,  455 
and  oxygen,  453 

primary,  449 

in  minor  surgery.  433 

surgical,  433 
Anesthetic  mixtures.  43S 
Anesih  tics,  absorption  by  the  blood,  435 

action  on  nervous  syslem.  436 

death  under  446 

in  minor  surgery   431 

rnfluenee  in  heart-muscle,  436 

pharmacology  of,  433 

pdslnarcolic  changes  produced  by.  437 
Aneurysm,  B99 

acupuncture  for,  903 

arleriovctious,  900 

axillary,  906 

carotid,  906 

diffuse.  900 

dissecting,  900 

erosion  of  vertebrs  by,  B43 

etiology,  900 

false,  899 

femoral.  904 

fusiform.  900 

gal vanopunct lire  in,  904 

hernial,  900 

innoniinrftp,  005 

intracranial.  Bog 

ligature  in,  903 

needling  for,  90a 

of  abdominal  aorta,  904 

of  aorta,  904 

of  iliac  arteries,  904 

of  scalp,  778 

popliteal,  905 

prognosis,  901 

sacculated,  900 

subclavian,  906 

traumatic,  886.  900 

treatment,  901 

true,  899 

tubular,  900 

wilhin  the  head.  S09 
AnEinJuiiL:ilis,-9l 

trcarin  Jit   9  a 
Angiomal.i,  470,  S97 

caTtiTOUi,  8^7 

pli'xiform  47 
.Angular  cun'Jiure  m  Poll's  disease,  831 
Anilin-water  mijituT*-  27 
Ankle.  disUicBlion  (if,  642,     Sec  also  Fool,  dis- 

JillilfU"!  ./ 

joint,  arthritis  of.  734 
excision  of,  366 
syn»"jvitis  of,  731 
.Aiikvluscd  <?lbow  excision  of,  361 
,-\rtiiV  oais  of  hip-jom     ostcotonjv  for.  370 

ot  j.iw   resection  fo     3B3 

nf  knec-io  jiT,  osteotomy  for,  373 
Anodyne's  in  mllammaiion,  56 
Anomalies  of  spleen,  91 
Anienor  crural  nerve,  injury  of,  877 
Anthrax,  iQi 

bacillus  of,  37 

bacteriology    37 

course  of,  193 

diagnosis,  194 

eiiolofjv,  ifi2 

hi^torw  igi 

of  scalp.  77S 

]iatliological  anatomy,  193 
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Anlhrai,  prognosis,  194 
symploms.  193 

treatment.  195 
Anlibacillary   injeclians  in   joint-luberculosii, 

707 
Antipyretics  in  inflammation.  56 
Antisepsis.  364 
Antiseptics,  chemical,  369 
Antistreptococcic  serum  m  poisoned  wounds. 

loS 
Anlitetanin.  185 
Anliloxic  proteids,  43 
Antitoxin,  tetanus.  165 
Antivenene,  307 
Ami  venomous  serum.  307 
Aorta,  abdominal,  aneurysm  of.  904 
ligature  of.  3>i 
aneuri^sm  of.  904 
Appendicitis,  leukocytosis  in,  83 
Area  of  smell.  784 
taste,  784 
seixsori motor,  783 
sound. 784 
speech,  7S3 
visual.  783 
Arislol.  373 

Arm.  amputation  of.  339 
Amoti's  pian  of  anesthesia,  439 
Arrest  of  bleeding,  309 
Arterial  hematoma.  8S5 
hemorrhage.  883 
varix.  S96 
Arteries,  ligature  of.  310 
abdominal  aorta,  331 
carotid,  common.  319 
external,  319 
internal,  319 
dorsalis  pedb,  316 
facial.  331 
femoral.  334 

m  Hunter's  canal.  335 
gluteal.  334 
iliac,  common,  3x1 

extrapeiiloneal,  333,  334 
external,  333 
inlemal,  33a 
innominate,  31J 
lingual.  330 
occipital,  311 
popliteal.  335 
pudic.  internal.  334 
radial,  317 

lower  third,  317 
upper  third.  317 
sciatic,  334 
subcLkvian.  312 

in  first  portion,  31a 
in  second  portion,  312 
in  third  portion,  313 
tempor.il.  311 
thyroid  inferior.  314 

superior,  313 
tibial,  anii'rior,  336 

posterior.  337 
ulnar.  318 
vertcbt.il,  31;; 
repair  of,  133.  886 
wounds  of  88^ 
Arteriosclerotic  gangrene,  318 
Arlcrioveniiijs  aneurysm,  900 
Arteritis.  888 
■eule,  SS8 
chronic.  838 


Arteritis  deformans.  BS9 

obliterans,  gangrene  from.  331 
rheumatic.  890 
suppurative.  8S8 
symptoms,  890 
syphilitic,  889 
traumatic.  888 
treatment.  890 
Artery,  aiillary.  315 
brachial.  316 

consTricIion  of.  repair  of,  134 
inRammatiDn  of.  888,     See  also  Arttritis. 
rupture  of.  885 

treatment.  8B6 
suture  of.  S85 
wound  of.  healing  of.  134 
Artery- forceps.  306 
Afthrectomy.  369 
Arthritis.  694 
acute  gouty.  696 
etiology,  696 
treatment.  696 
rheumatic.  697 
diagnosis.  697 
etiology,  697 
symptoms.  697 
treatment.  697 
after  fracture.  514 
deformans.  699 
diagnosis.  695 
etiology,  694 
gonorrheal.  701 
diagnosis,  703 
etiology.  701 
symptoms.  70a 
synonyms.  701 
treatment.  703 
neuropathic.  710 
etiology  of,  710 
treatment.  710 
of  ankle,  734 
of  elbow,  736 
of  knee.  739 
of  shoulder.  735 
pathology.  695 
prognosis.  696 
rheumatoid,  699 
diagnosis.  700 
etiology,  699 
pathology.  699 
prognosis,  700 
symptoms,  699 
treatment.  700 
sicca.  699 
strumous.  703 
symptoms,  694 
treatment,  696 
tubercular  osteitic.  703 
amputation  in,  710 
antihacillary  injections  in.  707 
anllTuberculin  injections  in.  708 
anhrotomy  in.  708 
aspiration  In.  708 
chronic  congestive  treatment,  70B 
diagnosis,  706 
erosion  in.  709 
etiologv,  704 
excision  of  joint  in,  710 

of  s:ic  in.  708 
ignipiinciure  in.  707 
patliologv,  703 
symptoms,  704 
synonyms,  703 


^^^^93^^^^^^^^^^^^^^^S^^^^^^^^^^^^^^^^^H 

^^H                 Arthnris,  (ubcrcular  oaleUic.  (rcalmenli  706 

Bacteria,  slructure        17                            ^^^^^^^^| 

^^M                             trepliining  uf  bun?  in,  707 

^H^^^^H 

^^M                 ArthrDpn.thie  htennotrbagique,  701 

[tacienological  e laminations,  piocedtire  m^^^^^H 

^^H                 Arthropathy,  aptnal.  710 

Bacteriologv,  17                                                               ^^ 

^^M                 Arlhrotomy  for  joml-Iuberculosis.  jcS 

of  the  blood.  85                                                    ^^fl 

^^H                 A  sepsis,  264 

Bandages,  398                                                         ^^^^H 

^^K                AieptiF  surgery,  tectinic  at,  063 

Barton's,                                                               ^^^^H 

^^^^^^r             poslciperative  fever,  blood  in,  S& 

Borsch's  eye-.  408                                              ^^^^H 

^^^^^P            wound  fever,  140 

celluloid.  404                                                       ^^^^H 

^^^^^M 

circular.  400                                                        ^^^^| 

^^^^^B                    tiliuliigy.  140 

compound,  401                                                   ^^^^H 

^^^^^V                    symptoms,  140 

crossed,  of  angle  of  jaw,  409                          ^^^^H 

^^^^^^                      IreaTmenE  <if,  141 

of  both  eyes,  408                                            ^^^^H 

^^H                  Asphyxia,  local,  a3& 

demi-gauntlei,  405                                             ^^^^H 

^^M                 Aipiralion  m  luberculuus  pleurisy  and  empy- 

Desauh's,  411                                                     ^^^H 

^^M                             cma,  349 

elementary  forms  of,  400                                  ^^^H 

^^K                 Aslrngnlue,  dialocntion  of,  caiuatloQ  und  classic 

tigure-of-S,  400                                                    ^^^H 

^^^^^1                      licAtion,  646 

of  jaw  and  occiput,  408                                ^^^^H 

^^^^^1 

of  thLgh  and  pelvis,  4ra                                ^^^^H 

^^^^^^1                frequency,  646 

four-ta-iled,  401                                                    ^^^^H 

^^^^^1                prognosis.  648 

gauntlet,  405                                                        ^^^H 

^^^^^M              sympiomi,  647 

Gibson's.  408                                                       ^^^H 

^^^^^1              (realmenl, 

glue,  404                                                              ^^^H 

^^^^^^B                         of,  3B9 

gum-and-chalk,  404                                           ^^^^H 

^^^^F            fracture  of,  588 

manv-lailcd,  401                                                 ^^^^H 

^^f                Atheroma,  B38 

oblique.  400                                                         ^^^H 

^^M                 A I  hero  ma  I  uu£  cy^it.  77s 

of  foot,  Americati,  407                                 ^^^^M 

^^M                  Atlci-aioii^  disease,  symptoms  of,  834 

covering  heel.  407                                   ^^^^^H 

^^M                      tti^ilocation.  Bi  j 

407                                               ^^^^^^H 

^^1                  Atrophy  of  limb  alter  fracture,  513 

not  covering  heel,  407                            ^^^^^^H 

^^H                      of  muscle,  760 

spiral,  covering  heel.  407                         ^^^^| 
of  head,  recurrent.   414                               ^^^H 

^^H                  Attenuating  proleids,  41 

^^H                  Auditory  nerve,  lesions  of,  87a 

of  jaw.  crossed  or  oblique,  409                       ^^^H 

^^M                     speech-area.  783 

of  special  regions,  404                                      ^^^H 

^^^^^          Auto-inlonicalion.  138 

of  stump,  recurrent,  414                                  ^^^^H 

^^^^^^             diagnosis^  139 

parafhn,  404                                                          ^^^H 

^^^^^B             treatment.  139 

plaster  of  Paris,  409                                             ^^^| 

^^^^^          Aulotransfusion  in  burns,  114 

fr:icture,  305                                             ^^^| 

^^M                 Avulsion  of  guslalnry  nerve.  861 

recurrent,  401                                                        ^^^| 

^^^^^^              of  infenor  dental  nerve,  861 

Ribhail's,  407                                                        ^^^^ 

^^^^^^             of  mfra-orbital  nerve,  B6t 

SeWa's  thumb,  406                                                ^^^| 

^^^^^B                  nerve.  859 

Seutin's,  404                                                         ^^^H 

^^^^^              of    siipra-nrbital  and    frontal    branches   of 

silicate  of  soda,  404                                           ^^^^H 

^H^                              ophlhaimic  nerve,  861 

En  fracture,  506                                           ^^^^H 

^^M                   Axillary  aneurysm.  906 

4D0                                                             ^^^H 

^^B                       artery,  ligature  of.  315 

^^^H 

^^B                           suture  of,  885 

of  shoulder,  410                                            ^^^H 

thumb,  40&                                                 ^^^H 

1                     Bacilli,  17 

Spiral,  400                                                            ^^^^H 

Bacillus  aerogeiies  capsulatus,  40 

of  nil  the  fingers,  403                                    ^^^H 

1                               coLi  communis.  33,  58 

of  palm  ur  dorsum  of  hand,  405              ^^^H 

of  anihra};,  37 

reversed,  400                                             ^^^H 

of  bubonic  plague.  39 

of  lower  extremity,  406                        ^^^H 

'                               of  glanders,  36 

of  upper  extremity,  404                           ^^^^H 

of  Lustgarten,  34 

404                                                           ^^^H 

of  malignant  edema,  38 

401                                                                  ^^H 

of  rhinoscieroma.  39 

Tail's,  404                                                            ^^^H 

of  syphilis.  34 

thumb,  4(i6                                                   ^^^H 

of  tetanus,  3B 

Velpeau's,  410                                                    ^^^^H 

of  tuberculosis,  34 

Bandaging,  3cj8                                                    ^^^^^H 

channels  of  entrance  Into  the  system.  939 

general  rules  for,  399                                 ^^^^^^^| 

in  suppuration,  58 

ftarl on 's  bandage.  408                                    ^^^^^^^| 

1                               pyocyaneus,  31.  58 

Duse-ball  pitchers'  arm,  754                             ^^^^H 

pyogenes  fo^tidutt,  58 

Beard  of  upcrutur,  i8a                                        ^^^^^ 

tetani,  iBi 

Bed-sore,  77.  s^a                                                  ^^^^H 

typhosus.  33 

prevention  of,  333                                             ^^^^H 

Bacteria,  classification  of,  17 

signs                                                                     ^^^^H 

conitiiions  of  growth  of,  18 

334                                               ^^^^H 

development  of,  17 

Bell's  amputatiun  uf  leg,  350                             ^^^^| 

foot! -sup ply  of,  18 

Bending  fracture.  498                                          ^^^^| 

methods  by  which  they  affect  the  body,  19 

Bengu6's  apparatus,  433                                      ^^^^H 

methods  of  cultivmion,  at 

Bcrger's  amputation,  341                                    ^^^^H 

staining  of,  16 

Biceps  ai  arm,  rupture  of,  7^5                          ^^^^H 
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Bichlorid  of  mercury  as  a  disinfectant.  369 
Bigelow's  classificalion  of  hip-diilocalions.  653 

method  of  reducing  hip-dislocatians,  660 
Bismarck  brown,  ay 
Biles  ot  insects.  ao8 
of  serpents.  206 
symptoms,  107 
ireaimenl,  307 
Bladder,  sterilttation  of,  aSS 

tuberculosis  of,  359 
Bleeding,  arrest  of,  309 
Blistering,  430 
Blood,  bactenology  of.  85 
filaria  sanguinis  hominis  in.  S6 
surgical  pathology  of.  Bo 
transmission  of  pus-microlics  by,  146 
Bloodlelling  in  inflammation,  5a 

local,  427 
Blood-embolism  in  fracture,  51a 
Blood'exami nation  in  accident  cases  with  sbock 

or  hemorrhage.  81 
Blood-regeneration  after  operation.  80 
Blood-serum  as  a  culture  medium.  33 

mil  lure,  LoRler's.  24 
Blood-tumors  of  scalp.  778 
Blood-vessels,  anatomy  of,  8Ba 
diseases  of,  8B3 
injuries  of,  SSa 
Blue  pus,  66 
Boil,  67 

treatment  of.  70 
Bones,  chondromala  of,  689 
diseases  of,  665 
excision  of,  358 
exostoses  of,  688 
gummatous  disease  of.  683 
symptoms,  6ga 
Ireaimenl.  683 
hereditary  syphilis  of,  683 
inflammation  of,  665 
limited  deposits  of  tuberculous  Dtaterial  in. 

676 
lymphadcnoma  of,  913 
malignant  tumors  of.  691 
necrosis  of,  67a.     See  also  Necrosii  of  bout. 
phosphorus  necrosis  of,  &B3 
repair  of,  lag 
sarcomata  of.  690 
myeloid.  690 
round-celled.  690 
spindle-celled,  690 
treatment,  691 
syphilis  of,  681 

symptoms,  63 1 
syphilitic  caries  of,  6aa 
tuberculous  disease  of,  676 
cliologv,  677 
symptoms,  678 
treatment,  678 
with  ^ilKCess,  treatment,  680 
with  septic  sinuses,  treatment,  6B0 
without  abscess,  Ireatmcnt,  678 
tumors  of,  688 
Bony  tumoni,  467  ' 

Boric  acid,  371,  373 
Borsch's  eye-bandage,  408 
Bouillon,  nulrient,  13 
Brachial  aricty,  lipiture  of,  316 
neuralgia,  operative  treatment  of,  867 
plexus,  injuries  of.  87S 
Bradford's  hxation-frame.  730 
Brain,  abscess  of.  801 
Ireaiment.  Boa 


Brain,  carcinoma  of,  804 
compression  of.  799 
contusion  and  concussion  of,  785 
cysts  of,  804 
glioma  of.  803 
gumma  of,  804 

operation  on,  806 
hemorrhage  in,  795 
laceration  of,  800 
protrusion  of  membranes  of,  80S 
sarcoma  of,  803 

-substance  hemorrhage  into,  79B 
tuticrcle  of.  804 
tumors  of,  Boa 

expediency  of  operation,  B06 
situation  of,  804 
lechnic  of  operating,  806 
Branchial  dermoids.  49 > 
Breast,  strapping  of.  415 
Brook's  incision  lor  palmar  abscess,  7a,  73 
Brian's   operation    for  repair  of    quadrilateral 

defect,  39a 
Bubonic  plague,  bacteriology  of,  39 
Bulbous  nerves,  871 
Bunion.  773 
Bums,  III 

constiluiional  symptoms  of,  tia 
deformities  after,  repair  of,  393 
degrees  of,  1 1 1 

inflammatory  conditions  following,  iii 
prognosis.  113 
treatment,  113 
Burow's   operation    for     repair  of    triaitgular 

defect,  391 
Burrowing  of  pus,  65 

Bursa   between   lendon    of  semimembranosus 
and  inner  head  of  gastrocnemius.  inOam- 
mation  of,  771 
over  tuber  ischii,  Inflammation  of.  771 
over  tubercle  of  tibia,  inflammaiion  of.  770 
prepatellar,  inflammation  of,  770 
subdeltoid,  inflammaiion  of.  771 
subgluteal,  inflammation  of.  771 
under  ligamenlum  patellae,  inflammation  of, 

770 
under  quadriceps  extensor  tendon,  inflam- 
mation of,  771 
Bursx,  496 

diseases  of,  769 
injuries  of,  769 
tuberculosis  of,  353 
Bursitis,  acute,  769 
signs,  769 
treatment,  769 
chronic,  770 
signs,  770 
treatment,  770 

CaI^CaNRCM,  excision  of,  388 
Callous  ulcer,  77 
Callus,  definile.  130 

excessive,  131 

after  fracture,  513 

formation  of.  139 

provisional,  130 

reformation  of,  130 

superfluous,  l^t 
Calumi-I  In  awptie  surgery,  373 
Calur,  51 

Cancellcuis  iisti-cimata,  467 
Cancer,  485 
Cane  rum  oris,  330 
treatment  of.  331 


I 

^^^^^^                                      ^^^^^^^^^^^^^1 

H 

CnnEharides,  hlis[ering  \ty,  430 

Chronic  niterltis,  BBB 

^1 

CapiHarj'  hemurrhagc,  SBj 

bursitis,  770 

^H 

ivmphangioma,  913 

osteomyelitis,  674.     See  also    OsUomytltlis. 

^H 

Capsular  arthrivia  of  knee,  729 

chronU. 

^B 

Cap&uk  of  h]p'jo]n1»  651 

pertosiitls,  674,     See  alio  Ptrivililis.  ikrvnit. 

^H 

Carbol-fuchain.  a3 

tenosynovitis  764 

^H 

Carljulic  acid  35  a  dlsinfectanl,  370 

tetanus,  183 

^B 

Carbul-ihiunin  tilur,  36 

Chylothorax,  918                                                 ^^_ 

^H 

Carbuncle.  68 

Chvluria,  917                                                        ^^^^1 

^H 

of  scalp,  775 

blood -r  Komi  nation  in,  86                           ^^^H 

^H 

IrcalmcDt  of,  70 

Cicaincial  keloid.  136                                         ^^^H 

^^ 

Carbun cuius  conlagiosus.  191 

Cicatrix,  formation  of,  89                                  ^^^H 

^^^^_ 

1            Carcinoma,  485 

483                                                          ^^^H 

^^^^1 

1               of  bmin,  804 

injuries  and  diseases  of,  125                          ^^^^| 

^^^^1 

1               of  skull,  7S1 

muscular,  117                                                   ^^^H 

^^^^^ 

of  spinal  column,  843 

Circulai  amputation.  333                                   ^^^H 

^H 

sebaceous,  4S8 

bnnelage,  400                                                    ^^^^H 

^H 

Garden's  a.mpulalinf[  st  ihe  knee,  35= 

Circumflex  nerve,  injury  of,  875                      ^^^H 

^H 

Canes  of  ^pine,  839,     See  S^iar.  caries  of. 
Cartiot:han  s  opcrniion  for  excision  of  second 

Cirsoid  aneurysm,  896                                        ^^^^| 

^^L^^ 

Clavicle,  dislocation  of,  607                               ^^^^| 

^^^^H 

division  of  trifacial  nerve,  863 

backward,  607                                               ^^^^| 

^^^^1 

1                  for  evcismn  of  ihird  division  of  trifacittl 

causation  and  c lass llica lion,  607             ^^^| 

^^^^1 

nerve.  8O3 

(orward,  607                                           ^^^H 

^^r 

Csioiid  a.neurjsm,  906 

frequency,  607                                              ^^^^B 

^^p 

artery,  entnmcm,  lii^ature  of,  319 

upward,  607                                                  ^^^^H 

^H 

Cllernnl,  lieatiire  of,  319 

of,  384                                                ^^^^H 

^H 

inlernal,  lignlure  of,  319 

fracture  of.  539                                                 ^^^H 

^H 

Carpal  bones,  fracture  of,  563 

diagnosis,  531                                               ^^^^H 

^H 

0.rpus,  dislocation  of.  631.     See  Wriil,  disle- 

treatment,  532                                              ^^^H 

^^1 

cati^n  of. 

Cleveland  ligature-carrier,  307                        ^^^^H 

^H 

Cariilagc,  repair  of,  131 

Closed  fracture,  499                                              ^^^B 

^H 

Cariilaginoub  luinots,  467 

CloiliinE  of  operator.  383                                            H 

^^B 

Caseation,  337 

Clover's  nitrous  oxid  and  ether  inhaler.  455           ■ 

^H 

Cataphoresis,  elcclrical,  423 

Club-foot.  748                                                                 1 

^H 

Cataplasm,  418 

diagnosis,  749                                                             ^ 

^H 

Calgut,  374 

osleoinmy  for,  37a                                           ^^^H 

^H 

chromiciied,  277 

prognosis,  749                                            ^^^H 

^H 

sterilizalion  of,  276 

symptoms,  749                                                  ^^^^| 

^H 

Cautery,  actual.  416 

trealmenl,  749                                                  ^^^^| 

^H 

Paquelin's.  417 

aduil  cases,  751                                            ^^^^H 

^^H 

Cavernous  angioma,  897 

infantile  cases,  749                                      ^^^^H 

^H 

lympfiangioma,  47t,  913 

three  to  six  years.  750                                ^^^^H 

^^1 

ncvi,  471 

Caacliman's  bursa,  771                                      ^^^H 

^H 

Cells  of  new  formation,  92 

Coaptation  of  wounds,  99                                  ^^^H 

^H 

Celluloid  bandage,  404 

Cot^m  anesthesia,  450                                       ^^^^| 

^H 

Ce  men  lorn  Bi,  468 

m  minor  surgery,  423                                  ^^^^H 

^B 

Cerebellar  tumors,  symptoms  of,  806 

method  of  injecting,  424                                 ^^^H 

^B 

Cerebral  localization,  781 

Coccydynia,  819                                             ^^^H 

^B 

Cellulitis  of  scalp,  774 

Coccyx,  dislocation  of.  819                                ^^^H 

^H 

Cervical  abscess,  73 

treatment,  819                                              ^^^^H 

^H 

pleitus,  injuries  of,  874 

of,  3B7                                                ^^^^H 

^H 

sympathetic,  lesions  of.  877 

fracture  of,  819                                                 ^^^^| 

^V 

Chamberland  tiller.  2t 

treatment,  819                                              ^^^H 

Charbon,  191 

Cold,  anesthesia  by.  431                                ^^^H 

Charcoal  poultice.  418 

arrest  of  hemorrhage  by.  96                          ^^^H 

Chnrcoi's  disease  of  joints,  710 

in  inflammaiion,  52                                            ^^^B 

Check-boties.  fr.icturc  of,  5r9 

local  application  of,  420                                              1 

Chemical  antiseptics,  use  of,  399 

Colin's  apparatus  for  intravenous  injection,  439      J 

disinfection,  269 

Collapse,  116                                                                   1 

sterilization  in  bacleriologieal  lecbnic,  aa 

Comminuted  fracture,  497                                           M 

Chemiolmis,  19,  59 

Common-salt  solution  as  a  disinfectant,  371            H 

Chilblains,  224 

Compact  osteoma  la,  467                                              ^^ 

Chin-cup  in  fraclute  of  lower  jaw,  532 

Complete  fracture,  497                                          ^^^H 

Chlorin  water,  271 

Complicated  fracture,  499                              ^^^^ 

Chloroform,  admmislratian  of.  456 

Complications  of  fmcturc,  511                          ^^^H 

and  elher,  comparative  merits  of,  447 

Composite  odonlomes,  468                                ^^^^| 

Chondroma  la,  467 

Compound  dislocation,  6oa                               ^^^^| 

of  bone,  68cj 

fracture,  499                                                      ^^^H 

treatment  <hf,  68q 

ireBlment  of,  508                                              V 

of  spinal  column,  843 

Compresses,  arrest  of  hemorrhage  by,  96                 M 

Chondrosarcomata.  477 

^^^H 

Clhopan's  ampui^ition,  344 

Compression  irt  inflammation,  53                   ^^^^H 

Chromiciied  catgut,  377 

brain,  799                                             ^^^^^^M 
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Compression  of  cord  in  Pott's  disease.  S31 
Con]prcs&ion'par^plegu&,  336 

irealmenl.  841 
Conclusion  of  brain,  785 
symptoms,  786 
treatment,  787 
of  spine,  811 
lymptomi,  Sai 
treatment,  8 33 
Congenital  dislocation  of  hip,  741 

sacrococcygeal  tumors.  BsS 
Congestion,  43 
Conjoined  twins,  Sa8 
Co nnective- tissue  tumors.  463 
Constitutional  conditions,  influence  oorepaii, 
no 
reactions  10  wounds.  138 
Contraction,  Duptiytren's,  of   palmar   bscia. 

766 
Conlraclures  of  muscle,  761 
Contre  coup,  fraeluie  by.  789 
Control  of  hemorrhage.  331 
Contused  wounds.  88 
treatment  of,  98 
Contusion  of  brain.  785 
diagnosis,  786 
symptoms,  786 
treatment,  7S7 
Contusions  of  joints,  589 
treatment.  590 
of  muscles,  753 
prognosis.  753 
signs,  753 
treatment.  753 
of  nerves,  119.  850 
symptoms,  850 
treatment,  851 
of  skin,  repair  of.  113 
of  skull,  779 
treatment  of,  95,  104 
Cord.  409 

Coronoid  process  of  radius,  fracture  of,  531 
Corpora  oryzoidea,  353 
Corrosive  films,  36 
Costa]  cartilages,  fracture  of,  5*6 
Cotyloid  lig.iment,  651 
Couuteritrilants.  419 
Counterirrilalioti  in  inflammation,  53 
Covei'glass  preparations  of  bacterial  cultures, 

36 

staining  of.  17 
Craniotabes,  6B5 
Cranium.     See  .ilso  Skull. 

fractures  of,  787.    See  also  Sinll.  fnsctun  of. 
vault  of  7S8 

surgery  of,  733 
Cravat,  403 
Creolin,  371 

Crepitus  in  fractures,  500 
Ctofts    opt-iaimn    for    repair    of  deformities 

aftLT  burn*,  393 
Crossed  bnni1:iKi^  "f  angle  of  jaw,  409 

both  eyc:3,  408 
Crural  nerve,  anterior,  injury  of,  877  , 
Crushing  of  nerve,  854 
Crutch'p.iralvsi^H  851 

after  fracture,  514 
Cryptogenic  mfcition.  149 
Cuboid  bone,  di-l.>cai">n  of.  649 
Cultivation  of  bacteria,  methods  of,  ai 
Cultures,  anaerobic,  35 

Eimarch's  roll-,  34 

filtration  of,  36 

hanging  drop,  36 


Cultures,  plate-.  34 

Cumot  method  of  sleriiiiing  calgut,  376 

Cuneiform  bones,  dislocation  of,  649 

osteotomy,  370 

for  inveterate  club-foot,  374 
Cupping,  dry.  437 

wet.  438 
Curvature,  angular,  in  Pott's  disease.  B31 

of  spine.  lateral,  845.    See  also  Scolieiii. 
Cutaneous  gangrene,  330 
symptoms,  330 
treatment,  330 
Cvst.  atheromatous.  775 
Cystic  hygroma,  914 

lymphangioma.  913 
Cystomala.  493 

Cyston'i  operation  for  flal'fbot.  376 
Cysts.  493 

dermoid,  of  scalp,  776 

gland-,  495 

implantation.  490 

lymphatic.  471 

neural,  496 

of  brain,  S04 

para  si  tic.  496 

retention,  494 

sebaceous,  487 

DACRVOPS,  495 

Dactylitis,  strumous,  677 

Davy's  method  of  controlling  hemorrhage  in 

hip-amputation.  355 
Dead  tissue,  effect  of,  on  the  body,  in 
Decubitus,  77.  333 

prevention  of.  333 

signs,  33+ 

treatment,  334 
Defensive  proleids.  41,  59 
Definite  callus,  130 
Deformities  after  burns.  Croft's  operation  for, 

393 
plastic  repair  of,  393 

I>eformily  in  fractures,  501 
Degeneration,  ischemic,  aia 
Delayed  shock,  it? 

union  of  fracture,  515 
Dcbrium  nervosum,  514 

traumatic,  514 

tremens  after  fracture,  514 
Demarcation,  line  of,  alt 

suppuration  of,  iia 
Demi-gauntlet  bandage.  405 
DeniinviUiir's  methcuj  of  rhinoplasty,  394 
Denligcrous  cyst,  468 
Depressed  fracture.  498 
I  fX'pression  in  fractures,  501 
1  IX'rmatol,  373 
EX^rmatolvsis,  4twj 
IJcrniOHl  cysts  cif  scalp,  776 
Dernii>i<ls.  489.     See  also  Cyili. 

branch  i.kl.  491 

lingu.il,  491,     See  also  Lingtitil  cjtili. 

nvaiian,  4111 

rectal,  4<ji 

sec  I  ue<it  ration.  489 
Default's  appar.ilus.  412 
Diabetic  g.in^reiie-.  ai8 
I^i:l|^ecle*l^  of  leiikcK^vles.  47 
ni.lpliiirrlies  in  iiifl.immalion,  56 
Dieffenh.ichs  iiietlioil  cif  plastic  repair,  391 

i>f  rhinn|ilasiy,  395 
Diet  m  in  flam  million.  55 
\  Diffuse  aneurysm,  900 

lipomata,  465 
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r^gita]  pressure,  airesl  of  hvrriorHiage  bj,  95 
Dilute  alcoholic  sotutioo.  37 
Diplococcui  lafVC<oUtiis.  34 

poeumoTiiEc.  bacitnolog;-  of.  34 
DisartJculaiion  at  kacc.  351 
of  all  metatarsal  bones,  343 
of  great  loe  al  melatajH)phala.ngea)  joint*  34a 
tarsometalanal,  343 
Discharges,  bacteriological  evamiiuttoii  of,  29 
Diseased  conditions.  inQu«Qc«  od  repair.  110 
Disea$^  of  bones.  665 
of  bursa.  769  I 

of  joints.  693 
of  muscles.  760 
Dtsinfection,     See  also  Strriihati-jm.  | 

chemical,  369 
Dislocaiii>n,  594  1 

allo-axo[4l.  513  I 

causation  of.  594  | 

eKiemal  violence.  594  \ 

muscuUr  action.  595  I 

compound.  603 
condiuoDS  bvoring,  596 
a«c,  596 

anatomical  peculuntics.  596 
occupation,  596 
set.  596 
di^i^osb  of,  S98 
from  fraclutc.  599 
from  padiological  conditions.  599 
occipito-atloid.  813 

of  ankle.  643.     See  also  Foci,  disiocjti^m  of. 
of  astragalus.  646.     See  also  Aifrj^j/mj,  Jis- 

/m-i/iom  e/, 
of  carpus.  631.   Sceabo  If  W(A''^AH'a/uw^ 
of  cbvidc,  607.     See  also  Ci^tvle.  diilKa-  . 

of  COCCVTC.  819 

of  cuboid.  649  I 

of  cudeiEorra  bones,  649  | 

of  elbow.  6^1  I 

bacLvard,  operative  rrdnction  of,  361  ■ 

of  fibula.  640  I 

of  foot,  643.     See  also  Kv/.  dul^^^atiam  of. 

of  hip,  650.     See  also  Hifi.  dsjLK\itLm  of. 
conc;en:lal.  741.     S^e  als-j  /ff/.  ifii.\^jtji'm 

of  humenis.  ^10.    S*e  also  Hmmerms.  Jist^cj- 

of  interphalangeal  Joints.  6>* 

of  ftnger^  636 

of  u-itfi  549 
of  lowey  ;i»"  604 
of  metJiMrT-^Tr^'Alangeal  joints.  634 

of  fingers,  636 
of  meiacJftJt:-*.  61; 
of  rnetaur^ophjljrgiMl    omts.  649 
of  mecaur^'jj  ^49 
of  nerves.  S<^ 
of  OS  ^'ilci?  ^48 
of  OS  mj^um.  6}j 
of  pare'sli  640.     S<^  a^so  P^^tJLi.  JuL-^^L-m 

of  piiTfjrra  *>or^e   t'jj 

ot  ri.^  -i*  ^;5.     :^«  ol*:^  XjJimj  Mj-^-^'^^.-k 

of  nJu*;  -i^i  t:>.i.   ^21.     See  alio  £^:'w~ 

cf  &v:i--.;:j.   -xc.     See  also  iij/ai;.  JLi^.-i:^- 

of  K— .    M-Ar  tone  "7^3 
ot  sesii;'.;ziAr  cartJjge   713 


Dislocation  of  shoulder-joint.  610.    See  abo 
//JHivfntf .  diitocatiitm  of. 
of  spine.  8ia 
of  lendons»  758 
of  thumb,  634.     See  also  Thumh,  dulocatia* 

of  tibia.  637,     See  also  Ji^ia.dUIocatiffn  ttf 

of  uLria.  6^ 

of  wrist.  631.     Sec  also  Wrist,  dislocatiom  of 

otd.  602 

of  humerus,  6ao 
treatment.  603 

pathological,  604 

pathology  of,  596 

prognosis.  599 

reduction,  600 
obstacles  to.  601 
signs.  601 
and  symploms  of.  598 

treatment  of.  600 

A^ravs  in,  599 
Disptatements  of  spleen.  909 
Dissecting  anrurrsm,  900 
Dissection,  lechnic  of.  309 
Diverticula.  496 
Dolor.  51 

Dorsal  abscess  rn  Pott's  dbease.  835 
treatment.  840 

dislocation  of  hip.  653.  651-     See  also  iBf. 
dislocatiam  of 
of  spine,  S13 
Dorsal  is  pedis,  ligation  of.  396 
Drainage  by  rib-resection.  351 

ID  tubercutoas  pteorisy  and  empjemn.  S44 

of  accident  wotuids.  ^ 

of  opeiation  Tounds,  391 

of  wounds.  loo 
Drainage-lubes,  991 
Diessicg  of  woatlds.  I09 
Diessings.  378 

change  of,  298 

fixed,  403 

revision  of,  103 

sterilitatton  ot  979 
Drj  cupping,  4^ 

gucgrer-e.  aio 

heat  loc^  appt:<:at:on  of,  416 

hot  a::.  cai::er:u:i-?n  b> ,  416 
Dub— ^t:'.  ^  amp<:'_iE:on  at  the  wri?l.  337 
Duch^r'.  ?  p^pMr.e  ^uiution,  24 
Dupuvtren  i  c:  ninction  of  palmar  fascia,  7^ 

Ecckosdkh>se:s  467 
Ecj-^m.;*'?  '.Tv  tncturcs,  50a 
Edeaii.  mj::^r.JEt    IG4 

^±jr.-^<.{   73'^ 
d-.?ea^e4  of  73: 

t.i.;.^::- r  i-i  cIjssLSca::on,  6ai 

'Lr'-^i:;-;  i  'j;L»jr?   p?perar.-.e  rt-iw;!..' 

e\:;:    r.  :f  y^     ^'  fi.ci-'*  ./r/.*,'flF-/.'i«/. 

5771  -  ::  7j5 
E'ectrivil  tJiiph'rres:*  413 
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Elephftnttasis,  915 

diagnosis,  917 

faJse,  916 

mollis,  9t6 

non-parasitic,  916 

tiealmcQt.  917 
Elliptical  ded'Cls.  plastic  repair  of.  39a 
repair  by  Weber*s  operation.  39a 
Embolism,  894 

air-,  664 

bt-.  III.     See  Fai-tmioliim. 

symptoms,  S94 

trealmenl,  895 
Embolus,  894 

Emphysemn  after  fracture.  514 
Empyema,  tuberculous,  349 
Encephalocele,  779 
Endaneritit,  838 

obliterans,  889 
Endophlebilis,  B90 
Enema,  how  to  give,  43a 

nutritive,  injection  of,  43a 
Enosioses  of  skult,  780 
Environment,  influence  of.  On  tumors,  458 
Eosin,  17 

Epididymis,  tuberculosis  of,  157 
Epididymitis,  tubercular,  357 
Epilepsy,  trephining  for,  Sio 
Epiphysitis,  acute,  667 
diagnosis,  668 
(reaiment.  670 

with  suppuration  in  neighboring  joints,  671 
Epithelial  odontomes,  468 

pearls.  483 

tumors.  4B0 
Epithelioid  cells  of  tubercle,  338 
Ei»the!ioma,  483 

of  scalp.  778 

of  spleen.  911 
Erasion  of  a  joint,  369 
Eretbislic  shocli,  treatment,  iii 

nicer,  77 
Ergotism,  gangrene  from,  335 

in  join  I -tuberculosis,  709 

of  venebrx  by  aneurysm,  843 
Eryripelai,  171 

unbulans,  173 

curative  influence  of,  177 

etiology,  171 

bcial.  174 

habitual.  173 

metastatic,  173 

migrans,  173 

neonjtorum.  175 

of  scalp.  774 

paihologic.-il  anatomy,  175 

phlegmonous,  174 

prognosis.  176 

symptoms,  17a 

traumatic,  114 

treatment,  176 

varieties,  174 

wandering,  173 
Esmarch's  amputation  at  hip'joint,  357 

roll-culiuri's,  34 
EstUnder's  resection  of  ribs,  383 
Ether  and  chlorcifurm,  comparalive  merits  of. 
*47 

as  an  anesthetic.  439 

in  aseptic  surgery.  37a 

mode  of  admmistration,  440 

r:cautions  to  be  taken  before  giving,  439 
riiation,  440 


EtherixalLon,  complications  in,  443 

rectal,  443 
Ethyl  bromii],  anesthesia  from,  438 

in  minor  surgerv.  431 
Elhyl  chlorid,  450 

in  local  anesthesia.  413 
Eucain.  451 

anesthesia  in  minor  surgery,  436 
Europhen,  173 
Excessive  callus.  131 
Excision  of  ankle-joint,  366 
Lauenstein's,  367 
of  aniiylosed  elbow.  361 
of  astragalus,  389 
of  bones  and  joints,  358 
of  calcaneum,  388 

Faraboeufs  method,  388 
of  clavicle.  3S4 
of  coccyi,  387 
of  elbow-joint,  360 
ankylosed,  361 
OUier's  method,  361 
Von  Langcnbeck's,  360 
of  Gasserian  ganglion,  86 j 
of  hip-joint,  364 
anterior  incision,  365 
Ollier's,  365 
Von  Langenbeck's.  364 
of  humerus,  385 
of  inferior  maxilla.  381 
anterior  portion,  38a 
lateral  portion,  383 
ramus  and  h.ilf  of  the  body, 
of  joints  and  bones.  35B 
of  knee-joints.  366 

in  knee-jo  in  Id  iscase.  73a 
semilunar  incision,  366 
of  me1acarp.1l  bones.  386 
of  metatars.1l  bones.  389 
of  phalanges.  386.  389 
of  radius.  386 
of  scapula.  3B4 
of  shoulder-joini,  358 
Hueter's  incision.  359 
NJIatrin's,  360 
Ollier's  method,  359 
transverse  incision,  360 
Von  Langenl>pck's  method,  3S8 
of  superior  matilla,  378 

above  alveolar  process,  380 
by  median  incision.  378 
Gu^rin's  operations.  3I0 
Ollier's,  379 
subpt-ri osteal,  379 
of  ulna,  385 
of  wrist,  36a 

bilateral  incision.  36s 
doTst^railial  incision.  364 
Von  i.;inj;c-nl)eck's,  364 
Excisions,  Kencial  principles  governing,  358 
Exophthalmic    goiter,    reaction    of    cervical 

sympathetic  for,  S78 
Exostosev  468,  688 
ivoTv,  ftBg 
of  skull,  780 
Irenlment  of  6S9 
ExtenNion  in  fracture.  507 
Kxtra-.iriiciilar  fracture,  499 
Knudatiiin.  47 
ICyr-lKiniLiRe,  Etiirsch's.  408 

figure-of-B,  40B 
Eyes,  crossed  iKindage  of  both.  40B 
Eyelids,  itenlitatiun  uf.  187 
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Facial  artery,  ligature  of,  311 
erysipelas,  174 
nerve,  lesions  of,  S?^ 
paralysis,  B71 
1  realm  en,  873 
False  aneurysm.  899 
elephanliasis,  gi6 
point  fif  moticin  in  fractures,  500 
Famboeurs  amputalioa  of  the  leg.  351 

eitcisitjD  of  calcaneum,  388 
Farcin,  195 

Farcy,  195.    See  Glaiidtn. 
Fal-embolism,  I3i 
diagnosis,  ia2 
in  fracture,  513 
prognosis,  x-ia 
symptoms.  lar 
treatment.  123 
Fatty  tumors,  465 

of  scalp.  777 
Faulty  union  of  fracture,  515 
Felon,  72.  763 
symptoms.  763 
Ireaimcnt.  764 
Femoral  aneurysm.  904 
arter7,  ligature  of,  314 
common,  ligature  of.  394 
superficial,  ligature  of,  335 
Femur,  fracture  of,  565 
lower  third  ol.  575 
neck  of.  565 
diagnosis.  56S 
prognosis,  568 
symptoms,  567 
Iteaimeni,  569 
shaft  of.  570 
diagnosis.  571 
prognosis,  571 
treatment.  57a 
upper  extremity  of.  565 
through  upper  third  of  shaft  of.  575 
osteotomy  of.  for  ankylosis  of  hip,  370 

for  genu  valgum,  37a 
relation  of,  to  hamstring  muscles  and  sciatic 

nerv'e.  65a 
tesccii'in  of,  3B7 
Fermvni  fever.  140 
Fermented  poultice,  413 
Fe^u^.  a c:\rd inc.  493 

parasitu:,  493 
Fever,  .iscplii:  woutld,  140 

in  fr.icturo^.  50a 
Fibroma  of  nerve.  S70 
of  scalp.  777 
simple,  468 
of  ipleen,  oit 
Fibromat;*,  46B 
Fibrous  01  [,-,0 tomes,  468 
unK>n  (tf  fr.Lcture,  516 
Fibula.  di^luL^.Tfuirh  of,  640 

c.iu^aiiitn  ,ind  cU^slfication.  640 
p.i[hriii,tf\-,  641 
pri'cnni-is,  '141 
symptom*.  '140,  ''41 
trt-LAtnu'nt,  '^jo.  641 
fr:icliiri'  of,  ^62 
rriectinni  I'f,  3S7 
Fifth  netvc,  .■ici-'ion  of  se.-ond  and  third  divi- 
^mn-i  of,  a>,_i 
St'cond  division  .if,  Sna 
third  dn  L-.ion  of,  Sr>j 
n^'urov-loniv  of,  Br^a 
Figurv-i>f-S  l>ind.ii;t',  400 


Figure-ofB  bandage  of  both  eyes,  40B 
of  jaw  and  occiput,  408 
of  thigh  and  pelvis,  410 
Fllaria  sanguinis  hominis  in  the  blood,  86 
Filtration  of  bacteria.  31 

of  cultures.  36 
Finger,  snap',  7&S 

trigger-.  76S 
Fingers,  amputation  of,  335 
dislocation  of  interphalangeal  joints  of,  636 

of  metacarpophalangeal  joints  of,  636 
spiral  bandage  of,  405 
First  intention,  healing  by.  91 
Fistula,  78 
in  ano.  79 
lymph-.  917 
treatment  of.  79 
Fissure  of  Rolando,  location  of,  7S5 

of  Sylvius,  location  of.  785 
Fissured  fracture,  498 

Fiiation-pins  for  displacement  of  oasal  sep- 
tum. 519 
Fixed  dressings.  40a 
Flagella,  staining  of,  98 
Flaps,  amputation,  330 
Flat-foot,  746 
diagnosis,  746 
etiology.  746 
osteotomy  for,  375 
symptoms,  746 
treatment,  747 
'  Flaxseed  poultice.  41S 
,  Follicular  odontomes.  468 
I  Fomentations,  hot.  418 
I  Foot,  American  bandage  of,  407 
!      dislocation  of,  643 
[  sagittal,  643 

causation,  G43 
diagnosis.  643 
frequencv,  64a 
pathologv,  64a 
prognosis,  643 
symptoms.  643 
treatment,  643 
subastragaloid,  643 

causation,  644  ■ 

diagnosis,  645 
frt-quenev,  644 
prognosis.  645 
trraimeni.  645 
thv  a^tr^ii.ilus,  646.     See  Astra^aluj.  disio- 
i.ili.iri  ,■/. 
French  li.ind.igv  of,  407 
fractures  of,  588 
Riblail's  b.indage  of.  407 
spir.il  li,iiid,inv  of.  407 
Foot-I'.itli,  mustard,  419 
Fo..t-b.mfB.  SNCisiun  of,  3B8 
Forceps.  306 

.irresT  of  litmorrhage  by.  9^ 
Forc.imi.  .iniput.ition  of.  337 
fr.iclurv  of  lioncs  of.  54S 
,(loni;  ihvir  shaft,  553 
tVir.H',;n  mater;,il  in  wounds,  removal  of,  98 
?'i-,ur-i,i:l''d  h.ind.ige,  40 1 
E',"irth  niTvc,  lesions  of,  iy^ 
Kriotitrv-^.  407 
;'-n. !;»■,;.  408 
ill  .od-[i.ii!ioIoE>-  in,  86 
l>i'  ^-.^nlr*'  coup.  499,  78Q 
l,y  dir-'ct  f.irce.  499 
hi-  ■nilirect  force.  499 
cloaei.1,  4^*9 
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Fnelures,  commi&uted.  497 
complete.  497 
coRipUoled,  499 
complkalions,  511 
compound.  499 

trealmeni  or.  50S 
delayed  union  of.  515 
depressed.  498 
diagnosis.  503 
eliol<%y,  499 
eilra-anicular.  499 
hultf  union  of,  515 
librous  union  of.  516 
fissured.  49S 
for  arracliemeDt.  597 
Eunshot,  496 
impacled,  49S 
incomplete.  497 
intra-aiticular,  498 
intracapsular.  498 
intra-uterine,  517 
ligamentous  union  of.  516 
mixed,  499 
multiple,  497,  499 
non-union  of,  516 
ol  acetabulum,  565 
of  astragalus.  588 
of  bones  of  fool,  588 
of  bones  of  forearm.  54B 

along  Iheir  shaFts,  55a 
of  bones  of  leg,  581 
of  carpal  bones.  563 
of  clavicle.  529 
of  coccyx.  819 

of  coronoid  process  of  radius.  551 
of  costal  cartilages.  526 

of  cranmm,  787.    See  also  Skull.  /railHn  cf. 
of  femur.  565 
of  fibula.  58a 
of  humerus,  536 

at  surgical  neck  with  displacement.  540 

eilemal  condyle  of.  545 

liead  of,  537 

internal  condyle  of.  544 

lower  extremity  of.  543 

shaft  of,  540 

supracondyloid.  543.  545 

through  surgical  neck.  536 
of  hyoidbone.  515 
of  laminae  of  vertebra,  814 
of  lower  jaw.  521 
of  malar  bone.  519 
of  metacaiTkil  bones.  564 
of  metatarsal  iHines.  388 
of  nasal  bones.  517 

of  nasal  pruce is  cif  superior  maxilla.  517 
of  neural  arch.  814 
of  nose,  517 
of  olecranon.  54S 
of  patella,  578 
of  pelvis,  c;64 
of  phalanges,  564 

of  toes.  588 
of  puhic  b(»n{^,  ^64 
of  radius,  coronoid  process,  551 

head  of,  s^i 

lower  CKtrrmitv  of,  553 

shaft  of.  554 
of  ribs,  516 
of  scipula,  534 

of  skull,  78;.     ."^c  .ilst>  Sk»ll.friicluri  ,•/. 
of  spine,  814 
of  spinous  process,  814 

m 


Fractures  of  sternum,  535 

of  superior  maxillary  bone,  519 

of  tibia.  589 

of  ulna,  shaft  of,  554 

of  vault  of  cranium,  7S8 

of  wrist  bones,  563 

open. 499 

pathological.  499 

penetratmg.  497 

]>laster  bandage  in,  505 

Polfs.  585 

punctured,  497 

reduction  of,  504 

silicate  of  soda  bandage  in.  506 

simple,  499 

splints  for.  505 

stellate.  497 

symptoms  of,  500 

traumatic.  499 

treatment.  503 

tinunited,  resection  of  bones  for,  374 
viiring  of.  377 

varieties  yf,  497 

vicious  union  of,  513 

with  angular  displacement.  498 

with  longitudinal  displacement,  49B 

with  rotary  displacement,  498 

wilh  transverse  displacement,  49B 
Fracture- dislocation  of  spine,  814 
Frankel's  pneumococcus,  34 
Freezing,  anesthesia  by,  433 
French  bandage  of  foot,  ^ij 
Frost-bite.  334 

treat  men  I  of.  314 
Fuchsin,  xj 
Functio  l:csa,  51 

Functional  disorders  of  mtucle.  761 
Fungating  wens.  48S  > 

Fungous  ulcer.  77 

Fiirbringer's  method  of  steriliiing  operator's 
hands,  983 
I  Furneaux- Jordan's  amputation  at  the  hip^oinl. 

Furuncle.  67 
Furunculosis.  68 
Fusiform  aneurysm,  900 

Gahbat'S  method  of  staining  tubercle  bacilli, 
35 

Galvanocauterv,  417 

Gal  van  op  unc  lure  in  aneurysm,  903 

Ganglion,  765 

treatment,  765 
Gangrene,  209 
.ilbummuric,  atB 
arteriosclerotic,  at8 
cl.'kssification  of,  909 
cutaneous,  330 
sympiiims,  330 
treatment,  ajo 
diabetic,  3[8 
dry,  aio 

etlccl  iif,  on  the  Imdy,  an 
from  arteritis  ubliterans,  aai 
.      from  colli.  aa4 
I      frifm  ergotism,  aas 
I  treatment.  93^ 

from  frosi-bitc.  334 
,     f'om  impairment  of  the  general  eirculolion 

313 

Ireatmrnt.  213 
\      from  lead,  32^1 
I     from  obstruction  of  abdominal  aorta,  315 


930 


INDEX- 


Gaagrrnc  from  obslniclion  orabdomipal  aorta, 
bymploms  uf,  315 
trtjimi^nl  of,  316 
of  axillary  and  brachial  vessels.  fllB 
of  capillarius  and  ^mall  vemt,  337 
of  femoral  artery  and  vein,  ai? 
of  main  artery  or  vein,  313 
of  the  smaller  aitcriei,  aiB 
srmplums,  119 
■ruatnieni,  119 
of  suptrfieial    femoral   and   (he   poplileal 
arteries  and  veins,  317 
from  spasm  ul  the  arterioles.  333 
hospital,  177 
duigjiosis,  179 
forms  uf.  17S 
pro^nosir.,  [80 
Ircatmi'iit,  180 
intlammafory,  339 
moist,  3[Q 
of  sualp.  775 
of  umbilicus,  330 
treatment,  330 
Raynaud's.  3x6 
symptoms,  as? 
treatment,  397 
senile,  ai8 
septic,  J39 
simple  traumatic,  aaS 

treatment,  aaS 
spreading  traumatic.  339 
symptoms,  339 
treatment,  339 
Gant'5  osteotomy  nf  femur,  371 
Gasscrian  ganglion,  excision  uf,  865 
Krause-Harllcy  met!iod,  866 
Rose's  method,  865 
Gastric  juice,  emraction  of.  for  examioation. 

431 
Gauntlet  bandage.  405 
Game,  379 

iodoform,  379 
Gelatin,  nulriini,  33 
General  anesthesia,  437 
Genilocrural  nerve,  neurectomy  of,  876 
Genii.i -urinary  organs,  tuberculosis  of,  155 
Gentian  violet,  37 
Genu  valgum,  osteotomy  for,  37a 
GermicKlal  protcids,  41 
Gersler's   eKcision    of  second  division  of  tri- 

f,icial,  8'i3 
Giant  cells  of  tubercle,  337 
Gibson's  bnndajjc.  40B 
Gigli's  meiliiid  u(  a|iplying  plaster  bandage, 

403 
Girdle-pam.  833 
Gland-cysts.  495 
Glnnrtens.  195 

li;icillus,  36 

bai:teru>l'JKy  of,  36 

C'nirsc,  iii'i 

diagnosis,  l(/^ 

morbiii  aii'itnmv,  196 

sympiikms,  k^ 
ill  linrscs,  195 

trcalmrnt,  197 
Glanih,  rcp.iir  .it,  137 
Gliomata,  470 

of  br.nri,  8"^ 
Glossii|.li.irvii^c:il  nerve,  lesions  of,  873 
Gloves,  opi-t.iiiii);,  185 
GlutDsi-  nu'dia,  33 
Glue  banih.^e,  404 


Gluteal  abscess  in  Pott's  disease,  B35 

artery,  ligature  of,  334 
Gonocele,  701 

UonococcI  in  septicemia,  14S 
Gonococcus,  bacteriology  of,  33 
Gonorrheal  arthritis,  701 

ilieumalism,  701 
of  wrist,  73S 
Gouty  arthritis,  acute,  696 
Grafting,  tendon-,  759 
Gram's  mcthcid  of  staining.  38 

mixture,  38 
Granulation,  stage  of.  91 
<«ranuiatioi]-tissue,  48 
Granulations,  65.  90 

as  a  pToIeclion  af;ainst  bacteria,  147 
Great   toes,   disarticulation   of,   at   metatarso- 

pbalangcal  joint,  343 
Green-stick  fracture,  498 
Grilti'i  amputation  at  knee,  353 
Groin,  spica  bandage  of.  410 
Gucrin's  excision  of  superior  maxilla.  380 
Gum-and-ehalk  bandage,  404 
Gumma  of  brain,  804 
operation  on.  B06 

of  skull,  780 
Gum  ma  la,  scrofulous,  344 
Gummatous  disease  of  bone,  6S3 
Gunpowder  grains,  removal  of,  98 
Gunshot  fracture,  497 

4'ounds  of  head,  794 
GunKtock  deformity,  544,  545 
Gustatory  nerve,  avulsion  of,  861 
Guyun's  amputation  of  leg,  349 


Habitual  erysipelas.  173 

tladcrn-Krankheil,  191 

Hair  of  operator,  aSa 

Hallux  valgus,  osteotomy  for,  374 

Hammer-toe,  766 

treatment,  767 
Hamstring  muscles,  relation  of,  to  hip-diiloca- 

cation.  653 
Hand,  fracture  of  bones  of.  s^i* 
Handkerchief  dressings.  Mayor's,  401 
Hands  of  operator,  jtrep^iration  of,  for  opera- 
lion,  383 
stcriliiaiion  of,  a83 
Hangin);-dtop  cultures,  36 
Hard  palate,  resection  ol,  for  nasopharyngeal 

liiilyps.  3B0 
Hardening  of  tissues  for  bacteriological  exam- 
ination, 36 
Head,  gunshot  wounds  of,  794 

recurrent  liandiige  of,  414 

teratoma  (if,  777 
He.-ui-letanus.  183 
Healing  hv  hrst  intention,  91 

bv  si'cond  mtention,  91 

influcnves  alTeciing,  log 

of  arteries,  133 

of  bone,  139 

of  cartilage,  131 

of  glands,  137 

of  muscle,  137 

of  nerve,  133 

<if  skin,  123 

of  special  tissues,  133 

of  tciiilon.  126 

of  miunds,  histology  of.  91 

ongm  of  connective- tissue  cells  iti,  94 

under  Ihe  scab,  124 
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Heart,  wounds  of,  879 
symptoms,  Sfio 
Ireatmem,  880 
Heal,  arrest  of  hemorrhage  by,  96 
as  asymplom  of  inflammaiion.  51 
dry,  local  application  uf.  416 
in  inflammation.  51 
in  slerilizaliun,  366 
local  application  of.  416 
moist,  application  of,  417 
Heat-sleriliiation  in  hacteriological  technic.  ai 
Heberdeti's  nodes.  699 
Hematoma,  arterial.  SB5 
of  scalp,  775 
venous.  886 
Hemalomyelia,  830 
prognosis,  831 
symptoms.  8ao 
treatment,  Sii 
Hemalorachis,  819 
prognosis,  Sao 
symptoms,  8x9 
treatment,  8ao 
Hemophilia,  87 
etiology.  87 
prognosis,  87 
symptoms,  87 
treatment.  87 
Hemorrhage.  881 
arrest  of,  95 
by  chemical  means,  96 
by  cold.  96 
by  compresses.  96 
by  digital  pressure.  95 
by  forceps,  96 
by  hckt,  9^ 
■rlerial.  883 

blood -examination  in,  Bi 
brain,  795 
capillary,  883 
control  of,  8S3 
eilradural,  795,  796 
from  wounds,  89 

arrest  of,  95 
intracranial,  795 
treatment,  797 
lato  brain-substance, 798 
into  lateral  ventricle.  798 
methods  of  controlling,  331 
spinal   meningeal,  819.     ^e  also   Memalnr- 

ackis. 
secondary,  885 
subdural,  795,  796 
venous.  8B3 
Hereditary  syphilis  of  bone.  6B3 
Hemorrhagic  ulcer,  77 
Hernia  cerebri,  798 

of  muscle,  754 
Hernial  aneurysm.  900 
Hewitt's  .-ipparalus,  411 
nitrous-ox  id  apparatus,  453 
and  oxyijen  apparalus,  454 
Hey-Lee  amputation  of  leg,  349 
Hey's  amputation,  343 
Hip,  dislocation  of,  after-lreatment,  663 
ctassifii.'.'kiion.  61^3 
complication'.  661 

cleaning  oni  the  socket,  66a 
entanglement  of  sciatic  nerve,  663 
fracture  of  sh.ift,  663 
compound,  664 
congenital,  741 
tliagnosis.  741 


'Hip,   dislocation   of.   congenital,   pathological 
I  anatomy,  741 

I  prognosis,  743 

treatment.  74a 
gradual  reduction  by  mechanical  ap- 
pliances. 74S 
neo-arihrosis  opera  lion,  745 
reduction  after  incision,  74a 
reduction  by  forcible  manipulation. 744 
varieties,  741 
dorsal,  653.  654 

signs,  65 S 
mechani^m,  654 
pathology,  655 
reduction,  659 

Allis's  method,  661 
Etigelow's  method,  660 
signs,  65 8 
thyroid,  G53.  654 
signs,  659 
Kip-joint,  amputation  at,  3.<;4 
anatomy  of.  650 
disease,  714 
cause,  715 
diagnosis.  719 
symptoms.  715 
treatment  of  abscess  in,  734 
by  excision  of  joint,  735 
osteotomy,  737 
excision  of,  304 

simple  traumatic  inflammation  of,  737 
t[odgkin*s  disease.  913 

blood  in,  83 
tiolocain,  45  t 
Horns,  483 
cicatrix,  483 
nail.  483 
of  scalp.  776 
sebaceous,  483 
w.irt,  483 
Horsehair,  steriliiation  of,  377 
Hospital  gangrene,  177 
diagnosis,  [79 
diphtheritic  form  of.  178 
prognosis.  180 
pulpy  form  of.  179 
treatment,  180 
ulcerating  form  of,  178 
Hot  fomentations.  418 
Housemaids  knee,  770 
Humerus,  dislocation  of,  6ia 
I         causation  and  classification  of.  610 
complicaieil,  619 
comjiound,  619 
diagnosis,  614 

ditfcreiitial,  61  <; 
frequency,  610 
infraspinous,  symptoms,  614 
old,  tSao 
p.atholiigy,  611 
prognosis,  615 
sut  tela  VIC  ular,  patliologv.  611 

sviiiptimis,  61  ^ 
subciiracoid,  [Kiiholi^y,  611 

symptoms,  61a 
subglenoid,  f).tihologv,  611 

symptoms,  613 
subsjimi.us,  p.ithology.  611 

sympiamN.  614 
siipr.xfiir.icoid,  symptoms.  614 
symptoms,  613 
treatment,  616 
by  hypereitension.  619 
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Humerus,  dislocalion  of,  ireatment.  Kocher's 
method,  617 
pendulum  mclhod,  619 
excision  and  resection  of,  3S5 
fracture  of.  S36 
eiternal  condyle  of,  545 
head  of,  537 
diagnosis,  53S 
prognosis  of,  539 
treatment,  539 
inlernal  condyle  of,  544 
lower  extremity  of.  543 
diagnosis,  546 
Ireatmenfof,  546 
shaft,  540 
diagnosis,  541 
Hon -union  of,  54a 
prognosis,  541 
Ireatment.  541 
supracondyloid.  543.  545 
at  suigical  neck.  536 

with  displacement,  540 
Hyatid  cyst  of  spina]  column,  B43 

disease  of  spleen,  910 
Hydrocele  of  neck,  471,  914 
Hydroceles.  495 
Hydrocephalus.  80S 

treatment.  809 
Hydrogen  peroxid.  771 
Hydrophobia,  187 
anatomical  (itidings  in,  1S8 
diagnosis,  190 
in  dog, 189 
dislnbution  of,  187 
etiology,  1S7 
frequency,  1S7 
history,  1S7 
prognosis,  190 
symptoms  in  inoculated  animals.  188 

in  man,  189 
treatment  of,  190 
Hygienic  conditions,  influence  on  repair,  109 
Hygroma,  cystic,  914 
Hyoid  bone,  fracture  of,  315 
prognosis.  515 
symptoms,  535 
trealmeni,  535 
Hyperemia,  43 
active,  43 

from  paralysis  of  the  perivascular  ganglia,  44 
of  irritmion,  44 
of  paralysis,  44 
passive,  45 
Hyperltophy  nf  muscle,  760 
Hypodermnclvsi,s,  429 

in  septicemia  and  pyemia,  168 
Hypoglossal  nerve,  injury  of,  874 
Hysterical  joint,  711.     See  also  Afuromimesii. 

ICHOB,  66 

Idiopathic  tc1,inus,  181 

Iliac  abscess  in  I'ult's  disease,  835 

arteries,  aneurvsni  of,  904 

arlerv,  common,  ligatuTu  of,  331 
CliiTn:ll,  llRiilure  of,  332 
inicrniil,  U^-iiuro  of,  3aj 
Iliofemoral  iigamcnl,  631 
Iliohy|ingaslric  nerve,  injurv  of,  876 
Uio-inj^umal  nerve,  irijurv  of,  876 
IliopsiiLi5  abscess  in  I'olt'5  disease,  835 
Imbecility,  IrephininR  for,  809 
Immumlv  tn  pyogenic  infection,  58 
Impacted  fracture,  498 


Implantation  cysts,  490 
Incomplete  fracture.  497 
India-rubber  gloves,  qZ$ 
Indian  method  of  plastic  surgery,  393 

of  rhinoplasty,  395 
Infected  wound,  treatment  of,  998 
Infection,  cryptogenic,  149 

local,  57 

local  conditions  tivorable  for,  59 

immunity  to,  58 

spontaneous,  149 
Infective  inflammation,  57 
Inferior  dental  nerve,  avulsion  of,  861 
Infiltraiion  anesthesia,  450 

Schleich's,  in  minor  surgery,  495 
Inflamed  ulcer,  77 
Inflammation,  43  , 

constitutional  treatment  of,  54 

infective,  57 

leukocytes  in,  47,  48 

of  artery,  888,     See  also  Arterilh. 

of  bone.  665.     See  also  Osteitis.   Perioililii. 
and  Osteomytiitis . 
acute  suppurative,   665.     See  also  Ostto- 
myelilis.  amir. 

of  joints.    See  also  Arlhrilii  and  Srniix'tliJ. 

of  lymph-glands,  91,1 

of  muscles.  760 

of  tendon -sheaths,  76a,     See  also  Ttnosjnt- 
vitis. 

pathology,  46 

phlegmonous,  73 

septic,  57 

simple.  45 

symptoms,  50 

treatment,  52 
Inflammatory  conditions  following  bums,  in 

gangrene,  139 
Infraorbital  nerve,  avulsion  of,  861 
Injections,  intramuscular,  430 

of  mercury  for  syphilis,  430 
Injuries  of  blood-vessels,  flSa 

of  bursa?,  769 

of  joints,  589 

of  scalp,  773 

of  skull,  779 
Innocent  tumors,  characters  of,  45S 

coexistence  of  two  genera  in  the  same  per- 
son, 463 
Innominate  aneurysm,  905 

artery,  exposure  of,  by  resection  of  the  ster- 
num, 313 
ligature  of,  311 
Inoculation  experiments,  39 
Insect-bite^,  308 

symptoms,  308 

Ircalmcnl,  308 
Instrument  t.'kble,  304 

.irrangemcnl  of  396 
Instruments,  306 

stcriliiation  of,  2S1 
Intercostal  nerves,  neuralgia  of,  876 
[ntermuscubr  lipomata,  466 
InlerphahiiLgenl  joints,  dislocation  of  634,  649 

of  fingers,  dislocation  of,  636 
Interrupted  pla^^ter  dressing,  4C3 
lntersc:ipuli>lhoracic  amputation,  341 
Intestinal  tr.ict.  sterilization  of,  a88 
Intrii-artieular  fracture,  498 
lnlriic;ip-iil,ir  fracture,  198 
Intracranial  aneurysm,  809 

hemorrh^ige,  795 
treaiment,  797 
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Inlracmnial  tumors,  801 
openlion  on,  806 
situatioa  of,  S04 
E«chnic  of  operalLDg,  806 
Intiscysltc  papillomaia,  481 
I  Dlram  oscular  injections,  130 

kipomata,  466 
Intrauierine  fraclures.  517  I 

Inlravpnous  inieclLoa  of  saline  fluid,  4^ 
Inlussujccption,  rectal  inflatioc  in,  431 
Iodoform,  37a 
gauie.  379 
■poisoning,  373 
Ischemic  degeneration,  313 
Ischiofemoral  ligament.  651 
Italian  method  of  plastic  surgery,  391 

of  rhinoplasly,  397 
Ivory  exostoses.  6S9 


Jaischb's  operation  for  repair  of  triangtilaT 

defect.  391 
Jaw,  ankylosis  of,  resectloa  for,  383 
crowed  or  oblique  bandage  of,  409 
dislocation  of,  604 
causation,  605 
diagnosis.  606 
pathology,  605 
pro^osis,  606 
symptoms,  605 
treatment,  606 
lower,  dislocation  of,  604 

fracture  of,  53a 
upper,  excision  of.  378.    See  Excititm  ef 
nf  trior  maxilla. 
fracture  of,  519 

Joint,  hysterical,  711.     See  A/curpmimthi. 
oinl-tuberciilosis.   703.    Sec   alio   Ankriiii, 
tubrmlar  osliitie. 
Joints,  contusions  of,  589 
treatment,  590 
diseases  of,  693 

dislocations  of,  594,    See  Diiiotatitm. 
erasion  of,  369 
excision  of.  35B 

inflammalion  of.   See  Artkritii&uA  ^j/mnntis. 
injuries  to.  5S9 
loose  bodies  in,  713 
cartilages  of,  467 
special  diseases  of,  714 
iprams  of,  590 
results.  591 
treatment.  591 
suppuration  of,  593 
tuberculosis    nf,   703.     See    also    Arlhritii. 

tubercul'Xr  oUtitic- 
wounds  of,  59a 
rcsulls,  593 
slRns,  59) 
t  rent  men  1.  593 
Jury-mast,  839 

Kancaroo-tenihin.  chromiciied,  377 
KarvakinLsis  in  leukocytes,  49 
Keen's  op<'rjlion,  869 
Keloid,  cicatricial,  136 

of  scalp,  777 
Kidney,  tuberculosis  of,  361 
Knee,  ampuiiition  at,  351 

disldcaiion  cif,  hy],     Spe  Tibia,  dislotitien  of. 
Knee-joint,  .inkylusis  of,  osteotomy  for,  370      • 

arthritis  or,  719 
treatment,  730 


Knee-joint,  diseases  of.  737      ' 
treatment,  731 
excision.  733 
excision  of,  366,  73a 
osteoarthritis  of,  730 
synovitis  of,  737 
treatment.  798 
tumor  of,  730 
white  swelling  of.  730 
Knife,  manner  of  holding.  309 
Knot,  reef,  33a 

square,  333 
Kny-Sprague  sterilizer,  368 
Koch  syringe,  39,  30 
Kocher's  method  of  reducing  dislOMtioD  of 

humerus,  617 
Koch's  method  of  staining  tubercle  bacilli,  35 
;  Krause- Hartley  method  of  excising  Gasserian 
I  g^iglion,  866 

Kriebelktankheit,  335 
Ktdnlein's    operation    for    eicision    of    Ihird 

division  of  fifth  nerve,  863 
Kuhne's  methylene  blue,  37 


Lacekatbd  wounds.  88 
Laceration  of  nerve.  854 
Laminae  of  vertebra,  fracture  of.  814 

Laminectomy,  B33 

Larrey's  amputation  al  shoutder-joint,  340 
Laryngeal  spasm,  874 

Lateral  curvature  of  spine.  845.     Sec  alio  Sco- 
liasis. 
ventricle,  hemorrhage  into.  798 
Lauenstein's  excision  of  ankle-joint.  367 
Lavage  of  stomach,  430 
Lead,  gangrene  from.  336 
Leeches,  4x7 

Lc  Fort's  libiolarsal  amputation.  348 
Leg.  amputation  of.  34S.     Sec  also  AmfiUatunt 
of  Itg. 
fracture  of,  5B3 

ambulatory  dressings  for,  587 
prognosis,  5G5 
treatment,  58s 
Lelter's  apparatus,  416 
Leonliasis,  781 
ossium,  688 
Leprosy,  bacteriology  of.  36 
Letenneur's   operation   for   repair  of  quadri- 
lateral defect,  393 
Leukemia,  blood-count  in,  84 
l.cukocytes  in  inflammation,  47.  48 
in  suppuration,  63 
of  tubercle,  338 
Leukocytosis  in  abscess,  Bi 
in  suppuration,  83 
in  treatment  of  septicemia,  168 
Lijjamcntous  union  of  fracture,  sifi 
Ligamenlum  patella,  ruplurr  of.  757 

teres,  651 
LJgalure  of  arteries,  31  o 
abdumin.1l  aurla.  331 
axillary,  315 

in  aiitla,  316 
brachial,  3t6 
carotiil,  ciimmon,  319 
external,  319 
intrrnul.  319 
dOT^-alis  ptdis,  336 
f,ici.il,  331 
femoral,  334 
in  Hunter's  canal,  335 
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Ligature  of  aiteiics.  general  principles,  31a 
glulcal,  334 
iliac ,  ciiininiin,  331 

exir;iperitcineal,  333,334 
eili^rnal.  311 
inlurnnl.  32a 
innonimalc,  311 
by  rcscctiun  of  a  porlion  of  the  slemum, 

31" 
HngUiil,  320 
(lecipild,  3S! 
poplilc.il.  325 
puilic,  inleniat,  334  > 

radial.  317 

lowtr  IhirJ.  317 
upper  lUird,  317 
sciiLtcc,  324 
subcl.ivi;in.  31a 
in  firsi  portion.  31a 
in  second  portion,  313 
in  third  poriian.  313 
tempurai,  yi\ 
thyroid,  interior.  314 

superior ,  313 
tibU)!.  unlerior.  3x6 

posturior,  337 
ulnar,  318 

at  junction  of  upper  and  middle  thirds 

of  arm.  318 
in  lc"*cr  third,  318 
verldiral.  313 
10  control  hciuurThagP.  331 
Ireatmenl  of  aururybm  by,  903 
Ligature-carrier,  307 
Ligaturrs,  374,  308 

of  hlood-vcssels.  absorption  of,  136 
IjghlniriE,  effccis  of,  114 
Lightning-stroke.  114 
symptoms,  115 
Ireatmenl,  116 
Line  of  demarcation,  3tl 
Lingual  artery,  ligature  of,  330 

dermoids,  491 
Lint  poultice.  413 
Lipoma  nrborescens,  466 
Lipoii^ata.  465 
diffuw,  46; 
irjtermu^cular,  466 
intramuscular,  466 
meningeal.  467 
nasal,  488 
perio^lt^l,  4^^" 
subcutaneous,  465 
submucnua.  4''i6 
suliBcrous.  4O6 
suhsvnovia!,  4'"nG 
Liquor  puri^,  65 
Lisfr^ine's  ampul. iiion,  343 
at  sliouldcr-joint.  340 
i-^ocal  ancslliesi.i,  44'* 

bv  uifiltratior^.  425,  430 
cocain.  433,  450 
ctbyl  chlond,  4^o 
fucain,  42'>,  451 
holocam.  4^1 
in  minor  Mir^ery,  433 
applieaiiL>n  of  ccid,  430 

t.i\  lieat,  416 
asphym.i,  aafi 
blood-lettiny.  427 
infection.  S7 
conditions  favorable  for.  59 
immunity  to.  58 


Local  syncope.  a»6 
Localitaiion.  cerebral.  7S1 
Loffler's  aliialine  methylene  blue,  37 
blood-serum  mivture,  34 
method  of  staining  tiagelli,  98 
Long  saphenous  nerve,  injury  of.  877 
j  l,.oose  bodies  m  joirtts,  713 
symptoms,  713 
treatment.  713 
cartilages  of  joints,  467 
I.OSS  of  power  in  fractures.  501 
Lossen's  excision   of  second   division    of   tri- 
facial, S6a 
Lower  entremily,  spiral  reversed  bandage  of.  406 
jaw.  dislocation  of,  604 
I  fracture  of,  531 

I  dia^n'tsis.  ];33 

I  prognosis,  532 

treatment,  323 
Lijcke's  excision  of  second  division  of  tri&cial. 
I  86a 

Lumbar  abscess  in  Pott's  disease.  835 
treatment.  S40 
plexus,  injuries  of,  876 
Lumpy -jaw,  197 
Lupus  colloirte,  343 
diagnosis.  343 
eleve.  341 
erythematosus.  344 
exedens.  342 
exfoiiativus.  241 
exulcerans,  242 
localities  of,  34a 
maculosus,  341 
myMomateim.  343 
'      of  mucous  membrnties,  14a 

of  penis,  355 
'      papillaris  verrucosus.  343 
phagedeniiiue.  242 
prognosis.  343 
serpiginosus,  343 
treatment,  343 
tumid  us,  341 
vorax,  341 
vulgaris.  341 
I,u5l];arlen,  bacillus  of,  34 
Liisalio  (Tftta  c.f  humerus,  610 
Luvatio  horiinntalis  of  humerus  610 
Lvinph,  rale  of  flow  of  908 

int1,immation  of,  911 
Lymphadenitis  from  septicemia.  150 
tuberculous,  345 
diagnosis.  246 
pathological  anatomy.  146 
symptoms,  345 
IreatmenT,  24*1 
Lym  pliable  noma,  913 
I      of  bones,  V113 
spleen,  oTO 
treatment,  913 
Lympbanjjioma,  471,  913 
capillary,  913 
cavernous,  471.  913 
cystic,  013 
I  LymphaiiKitis,  911 

from  septicemia,  150 
I      treatment,  913 
I      tubercutims.  91a 
'  tre.itmenT,  Q13 

Lymphatic  cvsTs.  471 
!•    glands  and  tlic  resorption  of  bacteria,  147 
[      nevus,  471,  914 
I      system,  anatomical  considerations.  9Cr7 
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Lymphatic  syalem,  surgery  or,  907 
Lymph'Jii^iula.  917 

Lymph-g^and  infeclion  of  tumors,  463 
Lymph-passages,  transmission  of  pus-microbes 

by,  146 
Lymph'Scrolum.  bLood-examinaiion  in,  8^ 
Lymph^pactfs,  907 
Lymphoid  corpuscles  of  tubercle,  338 
Lymphosarcoma,  474 
LyhoL,  271 
Lyraa,  187 

MaceWkn's  supracondylcMd  osteotomy,  37a 
MacrochdLia,  915 
MacrogLossi^H  9^4 

(reatment.  915 
Madora-fotit.  304 

morbid  anatomy   304 

symptoms,  206 

trcalmcnl,  906 
Mai  ptTfunns^  77 
M-ilar  bont,  fracture  of,  5I9 

treatment,  530 
Malgaigne's  racket  ampuialion  of  metacarpal 

bones.  33^ 
Mabgnnnt  diseases,  paihology  of  blood  in,  84 

edema,  194 

b,ieteriology  of,  38 

tumurij,  characters  of,  458 
dissemin;v1iun  of,  463 
of  bone.  691 
Maliem.  197 
Malleus  hiimidus,  19^ 
Many-taileJ  bandage.  401 
Marmorek's  antislfeptococcic  serum.  167 

culture  media.  24 
Mass^i^e  in  contusions.  104 

in  inllammarion.  54 
Mas  ilia,  inferior,  eicision  of.  38 1 

superior,  exc^^ion  of,  378 
MayO'Robsun's  operation  for  snina  bilida,  Sa? 
M,fcyors  handkerchief  dressings,  401 

hammer.  416 
Meai-watcr,  23 

Mechanical  cleansing  in  aseptic  surgery.  a66 
Meckel's  ganglion,  excision  of,  86a 
Median  nerve,  branch  of.  in  hand,  injuries  of, 

875 
injury  of,  875 
Mediotarsal  imputation,  344 
Melanosarcomata.  475 
Melon-seed  bM<lies.  253 
Meninjjoal  hpomala.  467 
Meningitis,  scL-omlarv,  801 
traumatic.  800 
[ubercuUjiis.  748 
Menin>;cicek\  779,  808,  8^5 

clinii-al  histurv,  833 
McnmgD't'ncephalocele.  Sofi 
M en ini;o myelocele,  8i^ 
clinical  hL>t('rv,  8a6 
diagniiM'i.  8a^ 
Mental  slate,  influenee  on  repair,  109 
Mereury  m  inihimm;ition,  56 

injeciiims  of,  430 
Mesiirterilis,  288 
Mesiiphlrbuis,  890 

Metacarpal  hones,  ^imputation  of,  33$ 
excision  of.  3S6 
fracture  of.  5O4 

Malgaigiie's  rackr-i  ^imputation  of.  336 
thumb,  dislocation  of.  633 


I  Metacarpophalangeal        joint,        amputation 
I  thru ugh. 335 

dislocation  of,  634 
of  fingers,  dislocation  of,  636 
Metacarpus,  dislocation  of.  633 
Metastatic  er>sipelns,  173 
Metatarsal  bone,  amputation  of,  343 
disarticulation  of.  343 
excision  and  resection  of,  389 
fracture  of,  58S 
Melalarsophalangeal  join[?>,  dislocation  of.  649 
Metatarsus,  dislocation  of,  649 
Methv!  violet,  27 

Nfeibylene  bichlorid  as  an  anesthetic,  438 
I      blue,  a? 

Kuhne's,  37 
Ijifflers,  17 
MetschnikolTs  theory,  49 
MJchun's  ojHrration.  for  rhinoplasty,  395 
Micrococci.  17 
devtlopmi-nt  of.  17 
^  Micrococcus  Pasteuri,  34 
teiragcnus.  31,  58 
Miliary  tubercle.  336 
Milk'leg,  892 
Milzbrand,  191 
Miners'  elbuw,  771 
Mmor  surRery.  398 

anesthetics  in.  431 
Mixed  fracture,  499 

MiictcT's  excision  nf  second  and  third  divisions 
of  fifth  nerve,  863 
excision  fif  third  division  of  fifth  nerve.  863 
Mobility,  abnormal,  in  fractures,  500 
Moist  gangrene,  aio 

heat,  application  of,  417 
Moles.  493 

Molluscum  hhrosiim,  469 
Morbid  growths  after  fracture,  514 
Mordants.  37 
'  Muriiiieaiion,  309 
'  Morve,  195 
Moulded  splints,  506 
Mouse  septicemia.  14S 
Mouth,  sterili/jilion  of,  287 
Mucous  bun^u^.  769 
membranes,  lupus  of,  343 
tuberculosis  of,  341 
I  Multiple  fracture,  497.  499 
Mural  imphintatiun  of  bacteria,  15a 
Muscle-callus,  137 
Muscles,  atrophy  of.  760 
(■nnlraclurcs  ofn  761 
cuniusion  of,  753 
prognt»sis.  753 

^ifins.  753 

ireatmrnl.  753 
diseases  of,  7'>o 
functional  disorders  of,  761 
hernia  of,  754 
hvpi-rtropliy  of.  760 
inftammaium  of.  760 

svnipti>m*i.  760 

treatment,  760 
rejMir  of,  127 
rupiure  nf.  754 
spniin  and  sirams  of.  754 
svphflitic  disi'ase  of,  760 
tuberculosis  nf,  354,  760 
tumors  of,  7tia 
Wlmnd^  of,  7]s8 

treatment,  758 
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Muscular  spasm  after  fracture,  513 

]□  fractures,  501 
surgical  treatment  of.  868 
Musculocutaneous  nerve,  injuries  of.  S75 
Musculospirai  nerve,  injuriea  of,  875 
Mustard  foot-bath,  419 

piaster,  419 
Mycetoma,  304,     See  Madurn  fool. 
Myelocele,  834 

cLinical  hlsloiy,  8a6 
Myeloid  sarcoma  of  bone,  690 
Myelomata,  472,  473 
Myositc  infeciieuse.  159 
Myositis.  760 

symptoms,  760 

tTeatmcnl,  760 
Myxoma  of  nerve,  870 
Myxomata,  469 

Nail  horns.  483 
Nasal  bones,  fracture  of.  517 
lipumata,  488 

process  of  superior  maxilla,  froclure  of.  517 
septum,  displacement  of,  518 
Nasopharyngeal  polyps,  resection  of  palate  for, 

380 
Necit,  hydrocele  of.  471,  914 

of  femur,  osteotomy  of,  370 
Necrosis  of  bone,  67J 
acute.  667 
after  fracture,  51a 
symptoms,  673 
Ircatmcnt.  673 
phosphorus.  6B3 
lieatment,  684 
quiet,  674 
Needles,  30B 

Needling  for  aneutysm,  'wa 
Neealive  chemiotaxis,  19 
N^laton's  excision  of  shoulder-ioint,  360 
Neoplasms  of  spleen,  910 
Nephrophthisis,  s6t 

Nephrotomy  in  tuberculosis  of  the  kidney,  afia 
Nerve,  anterior  crural,  injury  of,  877 
auditory,  injury  of,  87a 
buccal,  iiA'uision  of,  36a 
cerv'iCLiI  sympathetic,  surgery  of,  877 
circunitli-i,  injury  of,  873 
conluiion  of,  tag 
crushing  of,  854 
diagnosis.  834 
tri'ittment,  854 
facial,  injury  ol,  872 
fibrom.i  of,  870 

fifth,  escision  of  second  division  of.  862 
second  and  third  divisions  of,  863 
third  <]i vision  of  863 
neiircotuiiiv  of,  860 
ffturih,  iniury  of,  872 
frofii,il.  avuUitkn  of,  H61 
jjcnilocrural,  neureclinny  of,  876 
ylossi>pharvnj;i-:il.  injurv  nf,  873 
gustatory.  aviil-.iiin  i»f,  Sfii 
hyrKJRlossid,  injury  »i.  874 
iiiohvponaslric,  injury  of,  876 
ilio-mguin.Al,  injury  nf,  876 
infcriUNr  dont.ii,  avulsion  of,  86t 
infr.i-orljit:il,  avulsion  of.  861 
intofcost.1l,  ni'uraigiji  of,  876 
laceration  of,  854 
diagnosis,  854 
treatment.  854 
long  saphenous,  injury  of,  877 


Nerve,  median,  injury  of,  875 

musculocutaneotis,  injuries  of.  875 

musculospirai,  injuries  of,  875 

myxoma  of,  870 

olfactory,  injury  of.  87a 

optic.  Injury  of.  S72 

phrenic,  Injuries  of  874 

pncumogastric,  injury  of,  B73 

popliteal,  injury  of,  877 

posterior  rotalores.  operations  on.  869 
tibial,  lesion  of  S77 

recurrent  laryngeal,  lesions  of,  874 

repair  of,  ia8 

sarcoma  of.  870 

sciatic,  neuralgia  of,  877 

section  of  854 
diagnosis,  854 
treatment.  854 

sixth,  injury  of.  873 

spinal  accessory,  operations  on,  869 
surgery  of,  874 

supraorbital,  avulsion  of,  861 
nerve- reproduction  after.  837 
prognosis,  857 

third,  injury  of,  873 

trifacial,  operations  on,  860 

lumoT^H  870 

ulnar,  injury  of.  875 
Nen'e-avulsion,  8  59 
Nerve -grafting,  858 

prognosis,  856 
Nerve-roots,  posterior,  division  of.  868 

pressure  on,  in  Pott's  disease,  836 
Nerve-stretching,  853,  859 
Nerve-suture,  855 
Nerves,  bulbous,  S73 

contusions  of,  850 
sympiotns,  850 
Itealmenl,  85 1 

dislocation  of,  853 
causes,  S53 
treatment,  853 

operations  on.  855 

peripheral,  surgery  of,  850 

pressure  on,  851 

wounds  of.  850 
Neural  arcii,  fracture  of,  814 

cvsls,  4g6 
Neuralgia,  brachial,  operative  treatment  of,  867 

of  lower  extremity,  surgical  Ireatmcnl  o(,  868 

operative  Ireatinenl  of  860 

trifacial  neurectomy  111,  S60 
NeuretMnmv,  859 

in  trifacial  neuralgia,  36o 

of  gcnitorrural  nerve,  B76 

of  spinal  accessory  nerve,  869 
Neuroliitomati,  467 
Neuroma,  picxiform,  470 
Nciirom.it.i.  470,  870 

syni]iioms  of  871 

ttealnienl.  871 
.S'curoinimesis,  711 

fiiii;;nosis,  711 

treiUmcnt,  711 
Ni^uri>|}atliic  arthritis,  710 
Neuro]'lasty,  8.s8 
Neiirotomv,  839 
Ncvi,  cavernous.  471 
N(.-vo]ipomata,  46^,  470 
Nevus,  8n8 

lymphatic.  471.  914 

simple,  470 
Nitrous  oxid,  45a 
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Nitroiu  oxid  and  ether.  455 

and  oxygen  anesthesia,  453 
anslhesia  in  minor  surgery.  433 
Niliche's  liDseed-oil  varnish.  113 
Noma  of  vulva,  330 

tiealment,  331 
NoQ-suppuralive  inflammalion  of  bODC,  665 
Non-parasllic  elephantiasis.  916 
Non-union  of  fracture,  516 
Nose,  fracture  of,  517 
treatment,  518 
plastic  surgery  of,  394 
sleriliiatioD  of.  387 
Nuctein,  59 

Nucleini  in  wound  fever,  140 
Nussbaum's  excision  of  second  diviuon  of  Iri- 

bcial.  86a 
Nutrient  bouillon ,  13 
gelatin,  aa 

media  for  bacleria.  aa 
Nutritive  enema,  injection  of.  433 


Oblique  bandage,  400 

Occipilal  artery,  ligature  of,  331 
Occipito-atloid  disease,  symptoms.  B35 

dislocation.  B13 
Odontomes.  468 
composite.  468 
compound  follicular,  468 
epithelial,  468 
fibrous.  468 
follicular.  468 
radicular.  46B 
(Edime  charbonneui.  194 
Old  dislocations,  603 
of  elbow,  636 
of  humerus.  630 
Olecranon,  fracture  of.  54S 
symptomi,  549 
tTcatmenl.  549 
Olfactory  nerve,  injury  of.  873 
Ollier's  excision  of  elbow-joint.  3G1 
of  hip'joint.  365 
of  scapula.  3B4 
of  shoulder-joint.  359 
of  superior  maxilla,  379 
method  of  thinnplasly,  395 
osteoplastic  method  of  rhinoplasty.  397 
Open  fracture.  499 
Operating  gloves,  38; 
rooms  nnd  furniture.  300 
table,  395,  301 
theatres.  303 
Operation,  aseptic,  conduction  of,  394 
blood -re^tene ration  after.  So 
preparation  of  fii'ld  of.  aS6 
of  operator  fur.  aSl 
of  patient  for.  aB6 
room  for,  394 
Operations,  instruments  for,  306 

on  nerves,  855 
Operative  sur);ery.  306 
Operator,  clolliing  of,  aBa 

preparation  for  operation.  aHi 
Optic  nerve,  lesions  of.  S^a 
Orange-colored  pus,  66 
Orbit,  fracture  of,  790 
Orchitis,  tubercular,  157 
Ot  calcis.  dislocttion  of.  64B 

fracture  nf.  5  88 
Oi  magnum,  dislocation  of,  633 
OilclHs  deformans,  6B7 


Osleilii  deformans,  prognons.  6S7 

treatment.  6BS 
Osteoarthritis.  699 

of  knee,  730 
Osteomalacia,  687 

ireatmenl.  6S7 
Osleomala.  467 
cancellous,  467 
compact,  4G7 
of  skull,  7S0 
Osteomyelitis,  acute,  665 
diagnosis.  668 
prognosis,  668 
result  of.  667 

resulting  after  open  wouild  671 
symptoms.  667 
treatment,  669 
chronic.  674 
etiology,  674 
symptoms,  675 
treaimeni,  67s 
of  skull.  779 
of  vertebrse,  acute,  8a8 
tuberculous,  677 
symptoms,  67B 
Osteotomy,  369 
cuneiform,  370 
j      for  ankylosis  of  knee-joint.  373 
for  flat-foot.  375 
for  genu  valgum.  37a 
{      for  hallux  valgus,  374 

for  invcteialc  club-foot.  374 
for  talipes  equinovarus.  375 
for  talipes  equinus.  375 
Macewen's  supracondyloid,  37a 
of  femur  for  ankylosis  of  hip,  370 

for  genu  valgum,  37a 
of  shaft  of  femur  on  outer  side.  379 
of  tibia,  373 
below  tuberosities.  373 
cuneiform,  374 
linear,  373 
Otogenic  pyemia.  161 
sinus  phlebitis,  161 
Oval  amputation.  334 
Ovarian  dermoids.  491 

teeth.  491 
Oxalic  acid,  371 


pACMVneKUATOCELK,  777 

P.ids,  378 

Pain  .ifter  fracture,  513 
as  a  symptom  of  inflammation,  51 
in  fracture,  501 
of  wounds,  $9 
Palaie.  hard,  resection  of,  for  nasopharyngeal 
polyps,  380 
anterior  portion,  3S0 
^Imar  ab^crss.  73 
fascia.  Dupuylren's  contraction  of.  766 
I  i'linarltium,  73 
'  P.-ipillnma,  481 
I      inlracjslic.  481 

villous,  481 
I  I'aqui'lin's  cautery,  417 

.  Paracentesis  thoracis  in  luberculoiu  pleurisy 
and  ■■mpyema.  349 
Piraffm  b,indaRe.  404 
Paralysis  after  fracture.  51I,  $13 
crutch-,  after  fracture.  514 
I      lacial,  87a 

hyperemia  of.  44 
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Paralysis  of  recurrent  laryngeal  nerve,  874 

pressure-,  851 

treaimenl.  853 
Saturday -nigh  I,  129 
Paraplegia,  compression-.  836 
Parasitic  cyisls.  496 

fetua,  493 
ParkhiU';^  fraclure  clamp^  507 
Passive  hyperemia,  45 
Patella,  dii^locaiion  of.  640 
fre(|urncy.  640 
fracture  of,  578 
symptoms,  580 
(re:itment.  sBo 
suturing  of,  581 
Pathcjlogital  dislocaiionSn  604 

frnictiire,  499 
Patient,  pre[>aration  of,  for  operation.  386 
Pelvic  hones,  rt-srcium  of,  3B3 
PeWia.  fracture  "f.  564 
Pendulurn  method   of   treating  dislocation  of 

humerus,  619 
Penetraliny  fracture^  497 

wounds,  S8 
Penis,  lupus  of.  355 
tuberculosis  of,  355 

tuberculous  ulceration  of  dorsum  of.  355 
Peptone  solution.  Dunham's,  34 
Perforalmg  uoumls.  Sfi 
Pcri-Tidenitis  from  septicemia,  150 
Peri-artiTiiis,  fl8S 
Pericarditis,  suppurative,  operative  ireaimen' 

of,  831 
Pericardium,  wounds  of.  879 
symptoms,  880 
treatment  880 
Perinephritic  abscess,  73 
Periosteal  lipomniia,  467 
Periosteum,  inflammation  of,  665,    See  I'eri 

ostitis. 
Periostitis,  acute  non-suppuraiive,  665 
suppurative.  665 
treatment  nf,  669 
album  mous,  6S5 
chronic,  674 
etiolniiv,  674 
5\mp^>M^^,  675 
trcalnunt,  675 
of  skull,  77g 

resuhiri^  nft^-r  nn  open  wound,  671 
tuh'-rcuhms.  677 
Peripheral  nervi;*,  surgery  of,  850 
Pcrip^llebJll^,  890 
PcriLoncum,  tuberculosis  nf,  251.     See   Tuder- 

t-H/t'fi.i  ■•/  //it  /•t-ntcneum. 
Peritonitis,  Tiih<Tcuhtus,  251,    See  J'udfrcu/oi/i 

i'f  the  ptriti'ticxiTii. 
Periurethritis,  tubtrculous,  255 
Peiifs  tournif|uet.  331 
Pha);<'dem,  232 
Phiigodeiiic  ulcers,  78 
Phaycyte^,  45 
PhalHini;<i'i,  usciston  of,  386 
iind  ri'settion  of,  389 
fraclure  iff.  564 
of  toes,  fracture  of.  588 
Pharvnx,  si<Tili;nt]on  of,  a88 
Phl^■bU]^.  890 
otupi-nu'  MHus,  161 
suppurjiiive,  S91 
irealmcni,  109 
symptoms,  891 


Phlebitis,  treatment.  893 
Phlebolilh.  B94 
I'hlebtJtorny,  438 
Phlegmasia  alba  dolelis,  893 
Phlegmonous  er)'sipelas,  174 
inflammation,  73 
ireaiment.  74 
Phlogosin,  143 
Phosphorus  necrosis,  683 

tre^tmenl,  684 
Phrenic  nerve,  injuries  of.  874 
Phthisis  testis,  357 
Picric  acid,  37 
Pirogoff's  amputation.  346 
Pisiform  bone,  dislocation  of,  633 
Plantaris  muscle,  rupture  of,  755 
plaster  bandai:'^,4oa 

Giglis  method  of  applying,  403 
in  fractures.  505 

Say  re's  method  of  applying,  40a 
dressing,  inlerrupled,  403 
mustard,  419 
Plastic  surgerv,  3B9 

direct  union  of  freshened  edges.  390 
Indian  method,  393 
Italian  method.  393 
lateral  displacement.  390 
method  of  ft.ip'formaiion,  39a 
method  of  gliding,  390 
of  deformities  after  burt^s,  393 
repair  of  elliptical  defects,  393 
Weber's  operation,  392 
repair  of  quadrilateral  defect,  392 
|j?tenneur's  method,  393 
Briin's  operation.  393 
repair  of  tri^mgular  defects  393 
Burows  operation,  391 
Dieflfenbach's  operation.  391 

J'aesche's  operation,  39r  • 

asty.  394.     See  also  HhinopliSSty, 
Rale -cultures.  34 
Pleurisy,  tuberculous,  349 
Plexiform  angioma,  471 

neuroma,  470 
plexus,  brachml,  iniurii's  of.  87S 
cervical,  injuries  of.  874 
lumbar,  injuries  of.  876 
l^neumatocele.  775 
l*neumogastric  nerve,  legions  of,  873 
I  Pneumonin,  diplococcus  of,  34 
r  Poiniing  of  an  abscess,  G4 
!  Poisoned  wounds.  105 
symjitonis.  105 
treatmr-nl,  106 
.  PopUlenl  aneurvsm.  905 
arterv,  ligature  <if,  335 
nerves,  injury  uf,  877 
■  Pori'Winc  stain,  470 
Position,  control  of  hemorrhage  by.  331 
}*o*itive  chemiolaxis,  19 

Posterior  nerve-roots,  division  of,  for  ncural- 
'  gia,  868 

I      rotatores,  operations  upon.  869 
I      tibial  nerve,  lesion  of,  877 
Postesophiiccal  abscess  in  Pott's  disease,  835 
I'ust operative  fever,  blood  m,  86 
'  tri'atmenl  of  wounds.  392 

Postpharvngeal  abscess  in  Pott's  disease,  835 

irentment.  B40 
Pot,i55ium  permiinganale,  371 
Potatt>  culture-medium,  24 
Pott's  disease,  829 
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Poll's  disease,  nngular  curvature  in,  831 
course.  B30 
defiailion.  Sag 
diagnosis.  837 
eliologv,  Sa^ 
paihology.  83'> 
pressure  in  nerve -rools  in,  1136 

upon  spinal  cord  in.  B3I 
prognosis.  S37 

redueiion  of  tifformily  in,  841 
suppuration  in,  833 
tympioms.  833 
abscess.  835 
hyperesthesia,  834 
pain.  833 

rigidity  of  spine,  834 
treatmenl,  837 
by  rest.  637 
by  supports,  838 
operative.  839 
fraeiure,  5S3 
Poultice,  flaxseed,  418 
Poultices,  +18 

Prepatellar  bursa,  inflammation  of,  770 

Pressure,  control  of  htmorrhage  by,  331 

on  nerve-rools  in  Polt's  disease.  836 

on  spinal  cord  in  Pons  disease,  836 

Pressure-paralysis.  851 

treatmenl.  85a 
Primary  anesthesia,  449 
in  minor  jurgery,  41a 
septicemia,  154 
Prostate,  lulwrculosis  of,  aS5 
Protrusion  of  bra  in -membranes,  SoS 

ire.ilment,  808 
Provisional  callus,  130 
Psammomala.  481 
I'seudocvsls.  496 
Pseudoleukemia.  85.  913 
Psoas  atiscess  in  Putt's  disease,  83S 
treatmenl.  840 
muscle,  rupture  of.  738 
Pubic  bone,  fracture  of.  ^64 
Pubofemoral  ligamenl.  651 
Pudic  arteri-,  internal,  ligaiure  of.  374 
Punctured  fracture,  497 

in   luberculous    pleurisy    and    empyema, 

350 
of  skull.  791 
Purgatives  in  inflammation.  56 
Pus,  6; 
blue.  66 

bonum  et  laudabile.  166 
-corpuscles.  65 
laudjble,  66 

■microties,  dissemination  of,  146 
microscnpicat  examination  of,  66 
orange -colored.  66 
red.  66 

tuberculous,  66 
Pustula  maligna,  191.     See  Antkrax- 
Plislule.  67 

Pyelitis,  tuberculous,  a6i 
Pye lone phri lis.  a6i 
I^emia.  145 
bacteriology  of  the  blood  in.  85 
course  of,  156 
diagnosis,  iha 
otogenic,  t6i 
symptoms,  156 
Ireatment,  169 
Pyle[dilebiiis,  161 


Pylephlebitis,  septic,  irealmeni  of,  169 
ESiogcnic  bacteria,  dissemination  uf.  146 

cocci,  58 

organisms,  local  action  of.  60 

QtADRICKl-i  extensor  tendon,  rupture  of.  VS^ 
Quail rilali'rat  defect,  plastic  repair  of,  39^ 
Briin's  operation,  393 
l^'tonncur's  oper.ilion,  39a 
Quiet  necrosis.  674 

R*filKS.  187.     See  Hydrophobia. 
Rackel  method  of  amput.ition,  335 
Radial  artery,  ligature  of,  317 
Radicular  odontomes.  46S 
Radius,  dislocation  of,  6aB 
causation.  6a3 
diagnosis.  630 
frequency.  638 
symptoms.  6a8 
Ireatment.  630 
and  ulna,  dislocation  of,  6ai.     See  Elttie- 

jiiin/.  ilistircation  of. 
excision  nnd  resection  of.  386 
fracture  of  coronoid  process  of.  551 
head  of,  551 
lower  extremity  of,  555 
diagnosis,  560 
prognosis.  560 
treatment,  561 
of  shaft  of,  554 
subluxation  of  head  of,  630 
Rage.  187 
Railway-spine.  831 
Ranula,  495 
Rav- fungus,  197 
Rayn.iuds  disi-.isc,  309 
gangrene.  3a6 
symptoms,  aa? 
treatmenl,  ^37 
Rectal  dermoids,  49E 
etheriiation.  443 
tulic.  USB  of.  431 
Rectus  ahilummis,  rupture  of,  757 
Recurrent  bandage,  401 
of  head.  414 
of  stump,  414 
laryngeiil  nerve,  lesions  of.  874 
Red  pus,  66 

Redness  as  a  symptom  of  inflammalion.  30 
Redressing  of  wounds.  103 
Reef-knot.  33a 

Re-formation  of  the  callus.  130 
Relaxation-sutures,  loo 
Repair.     See  also  Hintii);- 
age  and. ito 

hygienic  cimtlitlons  and,  109 
inllu*'nees  iiffi-eting,  109 
mental  si.ite  ami.  109 
of  .irteries.  133 
of  bone,  ia<> 
of  cariilacc,  131 
of  cl.'nds,  137 
of  muscle.  ra7 
of  nerve,  ia8 
of  special  tissues,  133 
of  subcul.ineous  connective  tiuue.  133 
of  skin,  123 
of  lendoii,  ia'"i 
Resection  of  bone,  358 
of  cl.iviek",  384 
of  femur,  387 
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Resection  o(  fibula,  387 

of  hard  palate,  anterior  portion.  3B0 
for  nasopharyngeal  polyps,  380 

of  humerus,  385 

of  inferior  maxilla,  381 

of  lower  jaw  for  ankylosis,  383 

of  metalarsal  bones.  389 

of  pelvic  bones,  386 

of  radius,  386 

of  ril>5,  383 

Esll&nder's  operation,  383 
Schede's  operation,  384 

of  scapula.  384 

of  sternum,  383 

of  tibia.  387 

of  ulna.  365 

of  ununited  fracture.  376 

of  upper  jaw.  Von  Langenbeck's,  38a 
Resorption  fever.  140 
Rest  in  inflammatian.  54 
Retention  cysts.  494 
Retractors.  307 

for  ampulationi,  333 
Relrocollis,  a&8 
Revision  of  dressings,  103 
Reyher's  excision  of  second  division  of  trifa- 
cial. B63 
Rheumatic  at^eritis.  890 

anbiitis,  acuic,  697 

gout,  699 
Rheumatism,  gonorrheal,  701 

of  elbow.  738 

of  wrist,  acute,  738 
gonorrhea],  738 
Rheumatism  us  blennorrhoicui.  701 
Rheumatoid  arthritis,  699 
Rhigotene,  450 
Rhinoplasty,  394 

for  elevation  of  bridge  of  nose,  395 

for  loss  of  columna,  395 
S^dillol's  method.  395 

for  loss  of  septum  and  nasal  bones,  395 
Dieffenbach's  method.  395 
Ollitr's  method,  395 
Verncuil's  operation,  395 

for  Loss  of  surface  of  septum.  Indian  method, 

for  superficial  defect.  394 

Denonviliier's  method.  394 
Michon's  operation.  395 
Von  I^ngenbeck's  method,  394 
Italian  method.  397 
OUier's  osteoplastic  method,  397 
Tagliacozzian  method,  397 
Von  Ijngenbcck's  method,  396 
Rhinoscleiomii,  bacteriology  of.  39 
Ribbail's  bandage,  407 
Ril>- resect  ion.  ilrain^Ke  by.  151 
Ribs,  fraclure  of.  526 
course,  528 
symptoms,  5a8 
ttcnimcnt,  529 
resixtion  of,  383 
Rice  bodies.  253 
Rickets,  684 
etiology,  684 
symptoms.  684 
treatment.  686 
Riders'  bone,  754 
Rodent  ulcer,  48B 
RoUndo,  fiuiira  of,  lowtlon  of,  785 


Roll-eullures.  Esmarch's.  94 

Rose's  method  of  excising  Gasserian  ganglion, 

B65 
Row,  195 
Round -celled  sarcoma,  474 

of  bone.  690 
Roux's  amputation.  346 
Rubber  goods,  slerilitation  of.  aSo 

plaster.  415 
Rubor.  50 
Rupture  of  abdominal  muicles,  758 

of  artery,  885 
treatmeni,  B8& 

of  biceps  of  arm,  755 

of  ligamentum  patelUe,  757 

of  muscles.  754 

of  planlaris  muscle,  75s 

of  psoas,  758 

of  rectus  abdominis,  757 

of  stern omastoid.  757 

of  lendo  Achillis,  757 

of  tendon  of  quadriceps  extensor,  756 

of  tendons,  754 

of  thoracic  duct.  91B 
treatment,  918 

of  triceps,  758 

of  vein,  886 

Sacculated  aneurysm.  900 
Sacrococcygeal  disease,  symptoms.  S35 

tumors,  congenital,  SaB 
Safranin,  37 

Sagittal  dislocation  of  foot.  643 
Salicylic  acid,  371 

Saline  fluid,  intravenous  injection  of.  439 
Salt-aolution  as  a  disinfectant,  371 
Salter's  excision  of  third  division  of  fifth  nerve, 

B6a 
Sanies,  66 

Saphenous  nerve.  long.  Injury  of,  B77 
Sapremia.  141 

prognosis  of,  14a 

symptoms  of.  14a 

treatment,  143 
Sarcocele,  tubercular.  357 
Sarcoma,  alveolar.  475 

of  brain.  805 

of  nerve,  870 

of  skull,  781 

of  spinal  column,  843 

of  spleen.  911 

round -eel  led.  474 

spindle-celled,  474 
Sarcomata,  474 

distribution  of.  477 

gi^neral  characters  of.  476 

of  hone,  690 
treat  men  t,  691 
Katurday-nighi  paralysis.  139 
Saw,  Adams's,  371 
Sayre's  jacket  for  Poll's  disease,  838 

jury-mast,  8 39 

method  of  applying  plaster  bandage.  40a 
;  Scalds,  til 

prognosis  of.  113 
Scalp,  abscess  of.  774 

anatomical  peculiarities  of.  773 

aneurysm  of.  778 

anthrax  of,  778  , 

blood- tumors  of,  778 

carbuncle  of.  775 
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Scalp,  eellulitii  of.  774 
dermoid  cysts  of,  776 
epithelioma  of,  778 
erysipelas  of.  774 
fatly  [umors  o(.  777 
fibroma  of,  777 
ffangrene  of,  775 
Bematoma  of,  775 
horns  of,  776 
injuries  of.  773 
keloid  of,  777 
tnBligna.nt  tumors  of,  77B 
Ileriliiation  of,  287 
tumors  of,  775 
ulcers  of,  775 
TascuLar  tumors  of,  778 
Scalpel.  307 

manner  of  holding.  309 
Scaphoid  bone,  dislocation  of.  633,  649 
Scapula,  dislocation  of,  606 
causation,  608 
diagnosis,  609 
frequency.  6^ 
pathology,  608 
prognosis,  609 
subclavicular,  608 
symptoms.  608 
treatment.  609 
upward.  6ag 
excision  and  resectioti  of,  384 
fracture  of,  534 
diagnosis,  535 
treatment,  536 
Scar-tissue,  injuries  and  diseases  of,  135 
Schede's  resection  of  ribs,  384 
Schimmelbusch  sterillKr,  a6a 
Schleich's  anesthetic  miitures,  435,  438 
infiltration  anesthesia,  450 
in  minor  surgery,  415 
Schwarti'l  operation  for  flat-foot.  376 
Sciatic  artery,  ligature  of,  324 
Dervc.  neuralgia  of.  877 

relation  of  to  hip-dislocation.  651 
Scoliosis,  845 
pathology.  845 
symptoms.  847 
treatment,  84S 
exercises,  849 
rest.  848 
supports.  S49 
Scrofuloderma,  343 
Scrofulous  gummata,  144 
nodes,  144 
orchitis,  157 
Sebaceous  adenomata.  487 
carcinoma.  4B8 
cysts.  487 

8 lands,  ndenomata  and  carcinoDiata  of.  487 
oms,  48  a 
Second  intention,  healing  by,  91 
Secondary  hemorrhage,  884 
meningitis,  801 
septicemia.  154 
Section  of  nerve.  854 
Sedative  poultice.  41S 
SMiliol's  ampululion  of  leg,  349 
of  meiiil.irsnl  bone,  347 
of  Ihigh,  3114 
netbod  of  rhinoplasty,  395 
Selva's  ihumb'l>andage,  406 
Semilunar  bone,  dislocntion  of,  63a 

cartilages,  dislocaliun  of.  713 
Seminal  vesicles,  tuberculosis  of.  356 


Senile  gangrene,  318 

Senn's  btoGdless  amputation  at  hip-joini,  357 

bone-cylinders  and  ferrules,  507 
Sensorimotor  area,  78a 
Sepsis,  064 
Septic  gangrene,  399 

inflammation,  57 

intoxication,  143 
clinical  course  of,  144 
diagnosis,  144 

pylephlebitis,  treatment,  169 
Septicemia,  145 

bacteriology  of  the  blood  in,  8$ 

course  of,  153 

diagnosis,  l6a 

differential  diagnosis,  164 

mouse,  145 

pathological  anatomy.  149 

primary.  154 

secondary,  154 

symptoms,  153 

treatment,  166 
Septicopyemia.  145.  156 
Septum  of  nose,  displacement  of,  518 
Sequestra.  67a 
Sequestration  dermoids,  489 
Sequestrum,  svphilitic,  68a 

treatment,  683 

Serous  membranes,  tuberculosis  of,  348 

Serpents,  bites  of,  306 

symptoms,  ao? 

treatment,  307 

varieties  of,  306 
Serum -therapeutics,  40 
Serum-therapy  in  snake-bile,  x^ 

of  septicemia  and  pyemia,  166 

of  tetanus,  185 
Sessile  exostoses,  688.  689 
Seutin's  bandage,  404 
Shock,  116 

blood -e lamination  in.  81 

delayed.  117 

diagnosis  of,  1 18 

erelhistic.  lai 

tn  fractures,  ^oi 

stage  of  reaction  of,  118 

symptoms  of.  117 

treatment  of.  118 
Shortening  of  limb  in  frnctum,  501 
Shoulder,  amputation  at,  340 

arthritis  of,  735 

dislocation  of,  610.     See  Hnwunts,  duloca* 
liiin  of. 
frequency.  631 

excisiiin  of,  35B.    Sec  Eniiiom  ef  skauidtr- 

rheumatism  of,  T^i^ 
spita  band.lgo  of,  410 
sprain  ol,  734 
^Silicate  nf  soda  bandage,  404 

in  fractures,  506 
Silk  snlurrs.  sierilitnticm  of.  377 
Silkworm- cut,  steriliiation  of,  37; 
■  Silvi-r-witf,  .•.tt-rilimtion  of,  377 
I  Simple  fracture,  499 
I      ni'vus,  470 
I      traumatic  fever.  140 
gangrene.  aaS 
Sinus,  70 

treatment  of,  79 
'  Sinu^-proirii^ion,  779 
;  Sinu^-thmmlmsis,  801 
I  Sixth  nerve,  lesions  of,  87a 
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Skin»  abscesses  of»  67 

contusions  of.  123  • 

loss  of  substance  of.  125 
repnir  of,  193 

traumatic  mfl.-imnialian  of.  134 
tuberculosis  of,  241 
wounds  of.  1^3 
Skutl.  carcinoma  of.  7&I 
contusions  of,  779 
exostoses  of,  780 
fractures  of,  787 
\tass  of,  7S9 
healing,  792 
incompleti^,  787 
prognosis,  791 
puncture,  791 
treat  men  t.  793 
vault  of,  788 
gumma  of,  780 

inflammatory  conditions  of,  779 
injuries  of,  779 
in  utcro,  780 
non-inflammatory  conditions  of,  779 
osteoma  of,  780 
osleomj'clilis  of,  779 
periostitis  of,  779 
sarcoma  of,  78 1 
Slings,  403 
Sloughing,  XK),  3IO 
Smell,  area  of,  784 
Sniilb's  disarticulation  at  knee,  351 
Snake-hiles,  90& 
symptoms,  ao7 
treatment.  307 
Snap-finger,  768 
Soap  plaster,  415 

Sodium  chlorit)  as  a  disinfectant,  271 
Soft  chancre,  bacteriology  of,  33 
Sound  area,  784 
Spasm,  laryngeal,  874 

muscular,  surgical  treatment  of,  B68 
Spasmodic  wryneck,  surgical  (realment,  868 
Speech-area,  auditory,  783* 

visual,  783 
Spence's  amputation  al  shotilder-joiot,  341 
Spbaccblion,  109 
Spica  band^igc.  400 
of  foot,  407 
of  groin,  410 
of  ^lioulder,  410 
of  thumb.  406 
Spice  bag,  410 
Spina  bifida,  824 

clinical  history,  8a6 
diagnosis,  816 
occulta.  Bat; 
trcalmtnl,  827 
excision,  827 
injection  with  iudin,  837 
oj>cration,  827 
varieties,  824 
Spinal  accessory  nerve,  injury  of,  874 
operations  on,  869 
arthropathy,  7to 
canal,  tumors  in,  844 
column,  tumors  of,  643 
diagnosif^,  844 
symptoms,  843 
treatment,  844 
cord,  pressure  on,  in  Poll's  disease,  836 
tumors  of,  844 
symptoms,  844 
treatment.  B45 


Spinal  meningeal  hemorrhage,  B19.     See  also 

Hertatortichis. 

Spindle-celled  sarcoma.  474 

of  bone. 690 
Spine,  acute  osteomyelitis  of.  6a8 

angular  curvature  of,  in  Polt'^  disease,  83) 
caries  of,  829 
.-■ngular  curvature  in,  831 
course,  B30 
definition,  829 
diagnosis,  837 
etiology,  829 
pathology,  830 

pressure  on  nerve-roots  in.  B36 
pressure  on  spinal  cord  in,  836 
prognosis,  837 
suppuration  in,  B33 
symptoms,  833 
abscess,  835 
hyperesthesia.  834 
pain,  833 

rigiditv  of  spine,  834 
ireatmenl,  837 
by  rest,  837 
by  supports,  83B 
operative,  839 
concussion  of,  821 
symptoms,  822 
treatment,  B33 
dislocation  of,  B13 
prognosis.  813 
treatment,  813 
fracture  of,  814 

n  on -operative  treatmertt.  818 
operative  i realment.  817 
prognosis,  817 
symptoms.  815 
fracture- dislocation  of.  814 
lateral  curi'ature  of,  843.    See  also  Scoliem. 
Pott's  disease  of,  S19,    See  Spint.  carUi  e/. 
railway-.  Bai 
sprain  of,  Sia 
svmptoms.  8la 
treatment,  812 
surgery  of,  Bia 
tumors  of,  B43 
Spinous  process,  fracture  of.  B14 
Spiral  bandage,  400 

of  all  the  fingers,  405 
of  fool,  co\'ering  heel,  407 
of  palm  or  tlorsum  of  hand, 405 
reversed  bandage,  400 

of  lower  estremity.  406 
of  upper  eitremity,  404 
Spirilla.  t7 

development  of,  18 
Spleen,  ahscess  of,  910 
anomalies  of.  911 
displacements  of,  909 
epithelioma  of,  911 
fibroma  of,  911 
hydatid  disease  of,  910 
lymphadenoma  of,  910 
neoplasm  of,  910 
sarcoma  of,  911 
tuberculosis  of,  910 
tumors  of,  910 
wounds  of,  909 
Irealmenl,  909 
Splenic  fever,  191.    See  Anihrax. 
Splenitis,  910 
Splint,  414 
for  fractures,  505 
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Splint,  moulded,  506 

Taylor's  hip-,  71a 

Thomas's  hip-,  yai 

Thomas's  knee-,  729 
Splinl-soTes,  77 
Spondylitis  deformans,  841 
pathology,  B41 
symptoms,  843 
tceatmeni,  84] 
Sponges,  37s 

^Spontaneous  infection.  149 
Spore^stainmij;,  a  8 
Spores.  18 

Sprains  of  joints.  590 
results  of,  591 
treatment,  591 

of  muscles,  754 

of  shoulder.  734 

of  spinal  column.  811 

of  tendons.754 
Spreading  traumatic  gangrene,  339 
Square  knot.  33a 
Stammg  of  bacteria.  36 
Staphylococcus,  17 

action  of,  61 

cereus  albus,  31 
flavus,  3] 

epidermidis  albus,  31 

pyogenes  albus,  bacteriology  of,  30 

pyogenes  aureus,  iiacteriology  of,  30 
in  suppu cation,  6a 

pyogenes  c  lire  us.  31 
Staphylomycosis,  immunity  to,  167 
Starch  bandage,  404 
Steam,  local  application  of,  418 

sienlitaiion  by.  366 

steriliiers.  367 
Stellate  fiucture.  497 
Steriliiation  by  chemicals.  369 

by  steam,  366 

heat  in,  366 

in  bacteriological  technic.  ai 

methods  of,  afij 

of  catgut,  376 

of  dressings,  379 

of  hands  of  o|Krator.  383 

of  horsehair.  377 

of  instruments,  aSi 

of  ligatures  and  sutures,  374 

of  silk  sutures,  377 

of  silkworm-gut,  377 

of  silver-wire,  377 

of  sponges,  27B 

of  water.  273 
StcrilizeT,  Kny-Sprague,  a63 

Schimmelbusch,  368 

Sleiiliicrs,  steam,  367 

Slernomastoid,  rupture  of.  757 

Sternum,  fracture  of,  535 

symptoms,  516 

treatment,  536 

resection  of,  3 83 
Stiffness  of  joints  after  fracture.  513 
Stomach,  l.ivage  of,  430 

sterilization  of,  3S8 
Stomach-tube,  use  of,  430 
Sirahlenpili,  197 

-krankheit,  197 
Strains  of  muscles,  71^4 
Strappmg  of  breast.  415 

of  testicle,  415 
Streptococcus,  17 


Streptococcus,  action  of.  60 

erysipelatls.  31,  58,  171 

pyogenes,  31 
5lre]it(imycc>sis,  immunity  to,  167 
Stri']ituthrix  madura^,  204 
Stri'luhiny  of  nerves,  853 
Strumous  arthritis.  703  * 

dactylitis,  677 
Stump,  330 

bad, 330 

recurrent  tktndage  of.  4I4 

utility  of.  331 
Sulmcromial  dislocation  of  humerus.  610 
SubastmK:iloid  dislocation  of  foot,  643.      See 

also  Fovt.  disIv<iiH-}H  of. 
Subclavian  aneurysm,  900 

.-irtery,  ligation  of,  31a 
Subclavicular  dislocation  of  humerus,  610 
Suhcoracoid  dislocation  of  humerus,  61a 
Subcutaneous  connective  tissue,  repairof.  134 
traumatic  inflammation  of,  114 

injuries,  treatment  of,  104 

lijiomaia.  465 
Subdeltoid  bursa,  inflammation  of,  771 
Subfascial  abscess,  71 
Subglenoid  disioeaiion  of  humerus,  610 
Subglutcal  bursa,  inflammation  of,  771 
Subluxation  of  head  of  radius.  1130 
Submiliary  tubercle,  336 
Submucous  lipoma  Li,  466 
Subperiosteal    excision    of    superior    maxilla. 

379 
Subsorous  lipoma  la,  466 
Subspinous  dislocation  of  humerus,  6to 
Subsvnuvial  lipomata.  466 
Sulphuric  ether.  439.     See  also  Ethtr. 
Superfluous  e.ill us.  131 
Superior  maxillary  bone,  fracture  of,  519 

treatment,  530 
Suppuration.  63 

bacteria  of,  58 

leukocytosis  in.  3i 

of  demarcation.  11a 

of  joint,  592 

svmptoms.  65 
Suppurative  arteritis,  883 

inflammation  of  bone,  665.     See  also  Our>- 
mye/itii,  ncMie. 

pericarditis,  operative  treatment  of.  B81 
I      phlebitis,  891 

treatment,  169 

tcno^vnnvTtis,  763 
Supraclaviculnr  region,  anatomy  of,  310 
Suiiracondyloid  fracture  of  humerus.  543 
Supraorbital  nerve,  avulsion  of,  B6t 
Suprarr'Oal  capsule,  tumors  of,  479 
Suigeon's  knot.  33a 
Surgery,  minor,  398 

upeiMlive.  306 

or11utjte<liu,  714 

plailic,  389 
Surgical  anesthesia.  433 

baclerioltjgv.  17 

enipliywni.i  .ifier  fracture,  514 

p,itliiji<>Ky  of  tlie  blood.  Bo 
Suture,  nerve,  855 

of  axillary'  arterx,  8S5 

of  upiT.itiim  %VLUnd^.  390 

vi  tiTidoiis,  759 
Suiure-j.ir,  37'* 
Sutute-matetial,  308 
Suture- needles.  30B 
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Toolh  tumors,  46B 

Torpid  ulcer,  77 

Torsion,  control  of  hemorrhage  by,  33a 

Tourniquet,  331 

Toxins,  a  I 

Tracheotomy  in  complic^ktions  of  ethcHzAtion, 

445 
Transplantation  of  tendons,  761 
Traumatic  aneurysm.  B86.  900 
arteritis,  8SS 
delirium,  514 
erysipelas.  114 
fracture.  499 
gangrene,  simple,  338 
treatment  of.  iiS 
spreading.  339 
symptoms.  339 
treatment.  330 
inflammation  of  the  skin,  134 

of  the  subcutaneous  connective  tissue.  124 
meningilis.  Goo 
Trephining,  809 
tor  epilepsy.  Sio 
for  imbecility,  809 
Triangular  defect,  plastic  repair  of,  390 
Burow's  operation,  3or 
Dieffen bach's  method.  391 
Jaesche's  operation.  391 
sling.  403 
Triceps,  rapture  of.  758 

Trihcial  nerve,  excision  of  second  division.  863 
excision  of  third  division.  863 
neuralgia,  neurectomy  in.  860 
Trigger-finger.  768 
Tripper  rheumalismus,  701 
True  aneurysm.  S99 
Tubercle,  anatomical.  I08,  344 
epithelioid  cells  of.  33S 

giant  cells  of,  337  . 

histology  of,  236 
leukocytes  of.  338 
lymphoid  corpuscles  of,  33B 
miliary.  336 
of  brain,  804 
sub  miliary.  336 
Tubercular  disease  of  muscle.  760 
epididymitis,  357 
orchitis.  357 
osteitic  arthritis,  703 
sarcocele,  337 
Tuberculosis.  335 
age  in.  336 
bacteriology  of.  34 

channels  of  entrance  into  the  system,  339 
dchnilion  of,  335 
(re<iufncy  iif.  335 
gi.-ncr.ll  triMtnicnt  of.  339 
incipient:!'  of,  333 
mamni.x',  347 
of  ankle,  734 
of  bladder.  3W 

differential  ili.ignosis,  360 
symptoms,  2^9 
trealment,  3^11 
of  lionL'.  iicuti'.  676 
of  buT'^ar.  353 

tre^itmcnt.  1^3 
of  epuliflvmis,  3^7 

of  f.l^I-1,1-,  354 

of  ci'mlcN-urmiirv  organs.  335 
of  Inp'jiiint,  714,     Sei*  Hip-jainI  distiif- 
of  tiilney.  a6i 
symptoms.  301 
00 


Tuberculosis  of  kidney,  treatment,  963 

of  muscles.  354 

of  penis.  355 

of  peritoneum.  25 t 

diagnosis.  351 

treatment.  353 
of  prostate.  355 

diagnosis.  356 

treatment.  356 
of  serous  membranes.  14B 
of  skin,  treatment.  344 
of  skin  and  mucous  membrane,  241 
of  spleen,  910 
of  tendons,  253 

treatment.  354 
of  tendon -sheaths.  353 
of  testis. 

diagnosis,  258 

prognosis,  358 

treatment.  358 
of  vas  deferens,  357 
of  vesiculae  seminales.  356 
of  wrist.  738 
papillomatosa  cutis.  244 
pathology  of  the  blood  in.  83 
urethne.  355 
vera  cutis,  143 
verrucosa  cutis,  344 
Tuberculous  disease  of  bone,  676.     See  Botu, 
hthercvhus  diseaJf  of. 
empyema.  349 

treatment,  349 
lymphadenitis.  345 

diagnosis,  346 

pathological  anatomy,  3416 

symptoms,  ^3 

treatment.  346 
lymphangitis.  913 

treatment,  913 
menmgilis,  348 
nodes.  344 
osteomyelitis,  677 
periostitis.  677 
peri -urethritis,  355 
pleurisy.  349 

treatment,  349 
pus.  66 
pyelitis,  361 
Tubular  aneurysm,  900 
l^ubulocysts,  494 
Tub  u  lode  rmoids.  49! 
Tumor.  51 
Tumors,  458 
adrenal.  479 
bony.  467 
cartilaginous,  467 
cerelHrllar.  symptoms,  806 
conKcnilal  s,icrococcygeal.  838 
con  nee  live- tissue.  463 
difference  between   benign   and   malignant, 

461 
epitheli,il.  480 
fatly.  4(.3 

influence  of  environment  on.  458 
innocent,  characters  i>(.  458 

cue  11'^ fence   of  two  genera   in    the   same 
|>enion.  462 
intracranial,  802 
lyniph-glanil,  infection  of.  463 
m.itignanl.  charactT^  c>f.  458 

ilisM-minalion  of,  463 
niTvc-.  B70 
•  't  bone.  668 
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Tumors  of  brain,  Soa 
of  kii£c,  730 
of  muscle,  76a 
of  scalp.  775 

malignant.  778 
of  spinal  canal.  B44 
of  spinal  column.  843 

diagnosis.  S44 

symptoms.  843 

trealment.  844 
of  spinal  cord.  844 

symptoms.  844 

ttealment,  B45 
of  spleen.  910 
tooth,  468 
Tunica  advenlitia.  BB3 
intima.  88a 
media.  8B3 
Turpentine  in  asepric  surgeiy.  373 
stupe.  419 

Ulckh.  74 
callous.  77 
ere  thistle.  77 
fungous,  77 
hemorrhagic,  77 
inflamed,  77 
of  scalp.  77S 
phagedenic.  7B 
rodent.  4E8 
lorpid.  77 
IrcalmeDl  of,  7B 
varicose.  76 
Ulna,  dislocation  of.  6a6 
lower  exlremily,  617 
upper  extremity,  637 
excision  and  resection  of.  3B5 
fracture  of  shaft  of.  554 
Ulnar  artery,  ligature  of,  3tB 
nerve  at  elbow.  Injury  of,  S76 
at  wrist,  injury  of,  875 
in  hand,  injuries  of,  875 
injury  of.  875 
Umbilicus,  gangrene  of.  330 
Union  of  fracture,  delayed,  515 
faulty.  515 
fibrous,  516 
ligamentous,  516 
vicious.  515 
Ununited  fracture,  resection  of  bones  for.  376 

wiring  of,  377 
Upper  extremity,  spiral  reversed  bandage  of, 

404 
Urelhra,  male,  tuberculosis  of,  255 
Urethral  rheumatism,  701 

synovitis.  701 
Urine -serum -agar.  33 
Uterus,  myomala  of.  47a 

VAC.tNA,  steriliialion  of.  289 
Varices,  Z<^<, 
Varicose  ulcer.  76 
treatment.  78 

veins.  895 

treatment.  896 
Varix,  arterial.  896 
Vas  deferens,  tutiorculosis  of,  357 
Vascular  tumors  of  scalp.  778 
Veins,  anatomy  of.  890 

repair  of,  886 

rupture  of,  8B6 

variccie,  89  fi 

wounds  of.  885 


Vclpeau's  bandage.  410 
Venesecljon,  428 

in  infiammation,  5a 
Venous  hematoma,  886 

hemorrhage.  BB3 
Vermale's  amputation  of  thigh,  353 
Vernc>uil's  method  of  rhinoplasty,  395 
Verruca  necrogenica,  ^44.     See  also  AnalBwu' 

eal  tubirclt. 
Verlebne.  acuie  osieomyelilis  of.  SsB 

erosion  of.  by.  aneurysm.  843 
Vertebral  artery,  ligature  of,  315 
Vesiculs  seminales.  tuberculosis  of.  356 
Vesuvin,  37 
Vibrion  seplique.  3B 
Vicious  union  of  fracture.  515 
Vienna  mixture.  43B 
Villous  papillomata.  481 

Virchaw*s  docirme  of  lissue-prototypes.  463 
Visual  area.  783 

speech -area.  783 
Volkmann's  sliding  rest.  573 
Von  Langenbeck's  excision  of  hip-joint.  364 

excision  of  shoulder-joinl.  35B.  359 

excision  of  wrist.  364 

method  of  rhinoplasty,  394.  396 

resection  of  maxilla  (or  polyps.  380 
Vulva,  noma  of,  330 

Wagner's  excision  of  second  division  of  tri- 
facial, 86a 
Wandering  erysipelas.  173 
Wart  horns.  48a 
Warts.  481 

Washing  of  stomach,  430 
Water,  sterilization  of.  373 
Weaver's  bottom.  771 
Weber's   operation    for   repair   of    elliptical 

defects.  39a 
Weeping-sinew.  765 
Wen.  775 
W«ns.  775 

rungating.  488 
Wet  cold,  local  application  of.  4^0 

Clipping.  428 
While  swell ing,  703 

of  clboWn  73& 
Whitlow,  thecal,  763 
symptoms,  763 
treniraeni,  764 
Whitman '!i  brace  for  flal-fool,  74B 
Wiring  of  ununited  fractures.  377 
Woohorters^  disease,  191,     See  Anthrax, 

fever,  aseptic.  140 

-suture,  aseptic,  290 
Wuunds,  88 

accident,  disinfection  of.  289 

arrest  of  hemorrhage  from,  95 

classification  of,  83 

cleansmg  of,  97 

clinical  cours*-  of. 89 

coaptalion  of.  99 

consttluTional  reactions  to.  138 

conlusi'd.  88 
trealmrnt,  g8 

disinft^ciion  of,  97 

drainaf^^-  of,  loo 

drcssinp  of,  loa 

gunshot,  of  head,  794 

healing  of.  89 

hemorrhage  from,  89 

histological  considerations  of.  91 

lacerated.  SS 
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Wounds  of  arteries,  8B5 

repair  of,  134 
of  heart,  879 
of  joints,  59a 
of  muscles.  75S 

trcatmelll.  75B 
of  nerves,  850 
of  pericardium,  B79 
of  skin,  repair  of.  193 
of  spleen.  909 

Ireaimeot.  909 
of  tendons.  758 

diagnosis.  75S 

treatlnenl,  759 
of  veins,  885 
pain  of,  89 
penetrating.  BS 
perforating,  88 
poisoned,  105 

symploms.  105 

treatment.  106 
posloperative  treatment,  193 
redressing  of,  E03 
secondary  suturing  of,  100 
suturing  of,  99 
symptoms,  88 
treatment,  95 
Wrist,  amputation  of,  336 
diseases  of.  738 

mechanical  treatment.  739 


Wrist,  dislocation  of,  631 
excision  of,  36a 
fracture  of,  563 
causation,  631 
diagnosis.  63a 
frequency.  631 
individual  bones  of,  633 
pathology.  631 
prognosis,  63a 
symptoms,  631 
treatment.  63a 
rheumatism  of.  acute.  738 

gonorrheal,  73B 
tubercular  inflammation  of,  738 
Writers*  cramp,  761 

Wry-neek,  spasmodic,  surgical  trealmenl.  868 
Wuth,  187 

Wyelh's  amputation  of  arm,  339 
at  shoulder-joint.  341 
of  thigh.  S54 
bloodless  amputation  at  hip,  357 

.r-BAVS  in  diagnosis  of  dislocations.  599 

Y-LIQAMF.NT.  651 

Zi EH L- Nielsen  method  of  staining  tubercle 

bacilli.  35 
Zichl's   method  of  staining  tubercle  bacilli, 
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The  series  of  books  inciuiied  under  lliis  lille  consists  of  auilioiiiccJ  IranslationB  inlo 
Englibti  <j(  the  woriiiraiiioiis  LehmaDD  Medicinische  Handatlamen,  which  for  scU 
entitle  accuracy,  pictorial  beauty,  compactness,  nni1  cheapness  iiir|>as9  any  similar 
volumes  evfr  iiiiblislicd.  Each  volume  comuiiis  from  50  to  100  colored  plalea,  eseculed 
by  the  most  skilful  German  lithographers,  besides  numctou.s  tlluslintioiis  in  the  text.  Tbcic 
ia  n  full  and  approprmte  descripiion  of  each  plate,  and  each  book  conlsin^  a  condensed 
but  ad'equBte  outline  of  the  subject  to  which  it  is  devoted. 

One  at  the  must  valuable  features  of  these  atlases  is  that  they  offer  a  ready  and  satis- 
factoiy  substitute  for  cliiucal  observation.  To  those  unable  to  attend  iinporlani  clmics 
these  book^  will  be  absolutely  indi^pen^ahle- 

In  plaoning  this  series  ol  books  arrangements  were  made  with  representative  publishers 
in  the  chief  medical  centers  of  the  world  for  the  publication  of  translations  of  tile  aliases 
inlo  nine  different  languages,  the  lithographic  plates  for  all  these  editions  lieirg  made  in  Ger- 
many, where  work  of  this  kind  has  been  brought  to  the  greatest  jiertectiun.  The  expense  of 
making  the  plates  being  shared  by  the  vatiuus  publishers,  the  cost  to  each  one  was  matenaiiy 
reduced.  Thus  by  reason  of  their  universal  translation  and  repro'liiclion.  the  publish- 
ers have  been  enabled  lo  secure  fnr  these  ullases  the  best  artistic  and  professional 
talent,  to  piotluce  them  in  l)ie  most  elegant  style,  and  yet  to  olfcr  tliem  at  a  price 
heretofore  unapproached  in  cbeapness.  The  success  of  the  undertaking  is  demon- 
stniled  by  the  fact  that  the  volumes  have  already  ajipeared  in  hinc  different  languages 
— German,  English,  French,  Italian,  Russian,  Spanish,  Danish,  Swedish,  and  lIungan^Lii. 

In  view  of  the  striking  success  of  ihe^e  works,  Mr.  Saunders  has  contracted  with  the 
publisher  of  the  original  German  edition  for  One  hundred  thousand  copies  of  the  atlases. 
In  consideration  of  this  enoimou5  undertaking,  the  publi!(her  hns  liecn  enabled  to  jirepare 
and  furnish  special  additional  colored  jilatea,  making  the  series  even  handsomer  and  more 
complete  than  was  originally  intended. 
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has  ailopted  the  "  Atlas  of  Operative  Surgery  "  as  its  stanilaiil,  and  has  ordered  the  liook  ia 
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Willi    7*5   colofid    ]]la»hlrjdan&  on    4Q   plAEes,  and   **B   pBgcl   of  icifl      Cloth,  fj.oo   net. 

Atlaaof  Skin  DlKaxa.   By  Pnor.  Da.  Fkani  MaAciK.of  Vicuna.    Edited  by  Hbmhi  W,  STtLWAGOH, 

M.  U.,  i;iLiiJc«L  Profeiinr  of  DeroiBIDlbUgy.  JetTcnoii   Medical]  College,  PhiiridelpliiiL.     &i  colored  plalel, 
39  beautiful  half.lJilc  Utu4lralioa«,  and  sou  pages  of  tejil,     Ci'ilh,  ^3.^0  act. 
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THE  AMERICAN  TEXT-BOOK  SERIES, 
AN  AMERICAN  TEXT-BOOK  OF  APPLIED  THERAPEUTICS. 

By  43  Distinguished  Practitioners  and  Teachers.  Edited  by  James  C. 
Wilson,  M.D.,  Professor  of  the  Practice  of  Medicine  and  of  Clinical 
Medicine  in  the  Jefferson  Medical  College,  Philadelphia.  One  hand- 
some  imperial  octavo  volume  of  1326  pages.  Illustrated.  Cloth, 
-f 7.00  net;  Sheep  or  Half  Morocco,  gS. 00  net,     Se>/if  by  Subscription. 

■"  As  n  work  either  for  study  or  reference  it  will  be  of  gre«t  value  lo  Ihe  pnu:tilioTipr,  u 
-J  \%  virtually  &□  cxpo$i(ion  of  such  clinical  therapeutics  as  cx}>erience  boa  taught  (□  be  <A 
(be  moM  value.  Taking  it  nil  in  hII,  no  recent  publication  on  thempeulics  can  be  compared 
with  this  one  in  praclical  value  to  the  working  physician," — CiiViyt'  Clinical  Rrz-i/^. 

■*The  wbo]«  fieM  of  niedicini^  has  Iwen  well  covered.  The  wort  is  thoroughly  prac- 
tical, and  while  it  t^  intended  for  pr.-ictitioners  and  jludeols,  it  is  a  better  book  Tor  the  genera] 
practitioner  (ban  for  the  student.  The  young  practitioner  especially  will  God  il  exlremelj 
suggestive  and  helpful." — The  Indian  Lannt. 

AN  AMERICAN  TEXT-BOOK  OF  THE  DISEASES  OF  CHILDREN. 
Second  Edition,  Revised. 

By  65  Kminent  Con triliu tors.  Edited  by  Louis  Starr,  M,  D.,  Con- 
suUing  Pediatrist  to  the  Maierniiy  Hospital,  etc.  ;  assisted  by  Thomp- 
son S.  Wf.stcott,  M.  D.,  Attending  Physician  lo  the  Dispensary 
for  Diseases  of  Children,  Hospital  of  the  University  of  Pennsyl- 
vania. In  one  handsome  imperial  octavo  volume  of  1 244  pages, 
profusely  illustrated.  Cloth,  S7.00  net;  Sheep  or  Half  Morocco, 
fS.oo  net.     Sold  by  Subscription. 

•"  This  is  far  and  away  the  best  texl-lxmli  on  children'*  diseases  ever  published  in  the 
Kngllsh  langaage,  and  is  certainly  the  one  which  is  best  adapterl  to  American  readers. 
We  congratulate  the  editor  upon  the  result  of  his  woric,  and  bearuly  commend  it  lo  the 
attention  of  every  student  and  practitioner. " — Amtrican  Journal  0/  ihi  Altdital  Scifncit. 

AN  AMERICAN  TEXT-BOOK  OF  DISEASES  OF  THE  EYE,  EAR, 
NOSE,  AND  THROAT. 

By  58  Prominent  Specialists.  Edited  by  C.  E,  de  Schweinitz.  M.D  , 
Professor  of  Ophthalmology  in  the  Jetterson  Medical  College,  Phila- 
delphia ;  and  B,  Alexander  Randall,  M.  D.  .  Professor  of  Diseases 
of  the  Ear  in  the  Univetsity  of  Pennsylvania.  Imperial  octavo,  1351 
pages  ;  766  illu.stration.s,  59  of  them  in  colors.  Cloth,  ji7,oo  net ;  Sheep 
or  Half  Morocco,  JS.oo  net.     Sol  J  by  Subscription. 


IQwIraUd  Otalt^ue  of  the  "Amtrican  Text-Book*"  icat  tre«  upon  appUcatloik 
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KS  AMERICAN   TEXT-BOOK   OF   OENITO-URINARY  AND  SKIN 
DISEASES, 

By  47  Eminent  Specialists  and  Teachers.  Edited  by  L.  Bolton 
Bancs,  M.  D.,  Professor  of  Geniw-Uriiiary  Surgery,  University  and 
Bellevue  Hospital  Medical  College,  New  York  ;  and  W.  A.  Hakd- 
AWAV,  M.  D.,  Professor  of  Diseases  of  the  Skin,  Missouri  Medical 
College.  Imperial  octavo  volume  of  1229  pages,  with  300  engravings 
and  2o  full-page  colored  plates.  Cloth,  J7.00  net;  Sheep  or  Half 
Morocco,  J8.00  net.     So/i  by  Subscription. 

•^TTiis  volume  i&  one  of  the  best  vol  issued  of  Lhe  puMisher's  series  of  ■  Anierican  Text. 
Books."  Tiie  list  of  coiilriijulo:^  represenli  an  extraordinary  array  of  lalenl  and  txiended 
experience,  Tlie  liook  will  ea'iily  lake  the  pince  in  comprchensiveueis  and  vulue  of  tlic 
half  dozen  or  mure  cosily  workfi  on  these  aulijeelfi  which  have  heretofore  bnti  necessary  to 
a  well-eipipped  library.'' — A'e:e  Yorl:  Polyclinic, 

AN  AMERICAN  TEXT-BOOK  OF  OYNECOLOGY,  MEDICAL  AND 
SURGICAL.     Second  Edition,  Revised. 

By  10  of  the  Leading  Cynecologist-'i  of  America.  Edited  by  J.  M. 
Baldv.  M.  D.,  Professor  of  Gynecology  in  the  Philadelphia  Polyclinic, 
etc.  Handsome  imperial  octavo  volume  of  718  pages,  with  341  illus- 
trations in  the  text,  and  jS  colored  and  half-tone  plates.  Cloth,  $6.00 
net;  Sheep  or  Half  Morocco,  J7.00  net.     Solii by  Subscription. 

"  It  is  pmctifnl  from  beginning  to  end.  Its  descriptions  of  conditions,  its  recotnnien- 
dotioQs  for  treatment,  and  -ibove  all  tlie  necessary  lei.liiii((ue  of  different  operations,  arc 
clearly  and  admirably  presenied.  .  .  .  It  is  well  up  to  the  most  advanced  views  of  the 
day,  and  embinties  all  (he  essential  points  of  advanced  American  gynecology.  It  is  desliiied 
to  make  and  hold  a  place  in  gynecological  litenUure  which  will  be  pccuUarly  its  own." — 
Medical  Record,  New  York, 


AN  AMERICAN  TEXT-BOOK  OF 

COLOQY. 

Edited  by  Frederick  Peterson, 
Diseases  in  the  Woman's  Medical 
Nervous  Department,  College  of 
and  Walter  S.  Haines.  M.D., 
and  Toxicology  in  Rush  Medical 

AN  AMERICAN  TEXT-BOOK  OF 


LEGAL  MEDICINE  AND  TOXI- 

M.D. ,  Clinical  Professor  of  Mental 
College,  New  York  ;  Chief  of  Clinic, 

Physicians  and  Surgeons,  New  York ; 
Professor  of   Chemistry,   Pharmacy, 

College,  Chicago.     In  Preparation. 

OBSTETRICS. 

By  15  Eminent  American  Obstetricians.  Edited  by  Richard  C.  Nor- 
Rjs,  M. D. ;  Art  Editor,  Robert  L.  Dickinson,  M.D.  One  handsome 
im()erial  octavo  volume  of  1014  |)ages,  with  nearly  900  beautiful  colored 
and  half-tune  illustrations.  Cloth,  {7.00  net  j  Sheep  or  Half  Morocco, 
S8.00  net.     Sold  by  Subscription. 

"  Permit  me  to  say  that  your  American  Text. Book  of  Obstetrics  is  the  most  magnificent 
□tcdical  work  that  I  have  ever  seen.  I  congraluialo  you  and  thank  you  for  this  superb  work, 
which  atone  is  sufKcient  to  place  you  first  in  ihc  ranks  of  medical  publishers." — Alf.xandeb 
f.  C.  Skknk,  Pra/ejiar  of  Gynecalm  in  Ike  Long  hlitnd  College  Haspifal,  Brooklyn,  N.  Y. 

"  Thi^  is  the  most  sumptuously  dlustmled  work  on  midwifcrv  fhal  has  yet  appeared.  la 
the  numbei,  the  excellence,  and  the  beauty  of  production  of  the  illustrations  it  far  surpassed 
every  other  book  upon  the  subject.  This  feature  alone  makes  it  a  work  which  no  medical 
titfrory  should  omit  to  purchase." — -British  Medical  Jourtial. 

"  As  an  authority,  as  a  book  of  reference,  as  a  '  working  book '  for  the  student  or  prac- 
titioner, we  commend  it  because  we  believe  there  is  no  belter." — American  Jenntal  ef  tlu 
Medical  Sciences. 


Uiiotrated  Cabdogtw  of  the  "Amctkin  Text-Booki "  sent  tree  upon  applkaUoa. 
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AN  AMERICAN  TEXT-BOOK  OF  PATHOLOGY. 

Edited  by  John  Guit£ras,  M.D.,  Professor  of  General  Pathology  and 
of  Morbid  Anatomy  in  the  University  of  Pennsylvania;  and  Davtd 
RiESMAN,  W.D. ,  Demonstraior  of  Pathological  Histology  in  the 
University  of  Pennsylvania.     Jn  Preparatien. 

AN  AMERICAN  TEXT-BOOK  OF  PHYSIOLOGY. 

By  10  of  the  Leading  Physiologists  of  America.  Edited  by  William 
H.  Howell,  Ph.D.,  M.D.,  Professor  of  Physiology  in  the  Johns  Hop- 
kins University,  Eaitimore,  Md.  One  handsome  imperial  octavo 
volume  of  1051  pages.  Ilhistrated.  Cloth,  J6.00  net;  Sheep  or  Hall 
Morocco,  J7.00  net.     Sold  by  Subscription. 

**  We  COD  commend  it  mosl  hcoitlly,  not  only  to  all  b-tudents  of  physiology,  but  lo  cTcry 
phy^cinn  and  palholt^isl.  ns  a  valuable  uid  comprehensive  work  of  teference,  writleu  by 
nien  who  are  of  eminent  nulborily  in  their  own  special  subjects." — London  LamtL 

"  To  the  prnclilioner  of  medicine  and  to  the  advanced  sludetil  this  volume  constitutes. 
we  believe,  the  best  exposition  of  the  pie^nl  status  of  the  science  of  physiology  in  the 
Knglish  langiu^e." — American  JottTttal  of  Ihe  Medical  Scitniti. 

AN   AMERICAN  TEXT-BOOK   OF   SURGERY.    Third  Edition. 

By  II  Eminent  Professors  of  Surgery,      Edited  by  William  W.  Keen, 
M,D.,  I.L.D,.  and  J.  William  Whjtf.,  M.D  ,  Ph.D.      Handsome  im- 
perial octavo  volume  of  1230  F«ges,  with  496  wood-cuts  in  the  text, 
and  37  colored  and  half-tone  plates.     Thoroughly  revised  and  enlarged, 
with  a  s«ction  devoted  10  "  The  Use  of  the  Rontgcn  Rays  in  Surgery." 
Cloth,  S7.00  ntl :  Sheep  or  Half  Morocco,  J8.00  net. 
"Personally,  I  should  no!  mind  it  l>eing  called  THE  Text- Book  (instead  of  A  Text. 
Book),  for  I  know  of  no  sintjle  volume  which  contains  so  readable  and  complete  an  account 
of  the  science  and  art  of  Surgery  as  this  does," — EDMUND  OWEN,  F.K.C.S.,  JUrmdirf/ 
lie  Board  of  Esomiaen  a/lhi  Koyai  College  q/  Surgeam,  England. 

"  If  (his  teit-book  is  a  fair  tetlei  of  the  piesent  position  of  American  surgery,  we  most 
admit  it  i>of  a  very  high  order  of  merit,  and  ihnt  English  surgeons  will  have  lo  look  very 
carefnlly  to  their  laurels  if  they  aic  lo  preserve  a  position  in  tile  van  of  surgical  practice." — 
London  L-incei. 

AN  AMERICAN  TEXT-BOOK  OF  THE  THEORY  AND  PRACTICE 
OP  MEDICINE. 

By  la  Distinguished  American  Practilioneis.  Edited  by  William 
Pepper,  M.D.,  LL.D,,  Proft-ssor  of  the  Theory  and  Practice  of  Medi- 
cine and  of  Clinical  Medicine  in  the  University  of  Pennsylvania.  Two 
handsome  imperial  octavo  volumes  of  about  1000  pages  each.  Illus- 
trated. Prices  per  volume:  Cloth,  J5. 00  net;  Sheep  or  Half  MortKco, 
^6.00  net.     Said  by  SubscriptioK. 

"  I  am  quite  sure  it  will  commend  itself  both  lo  pniclitioncrs  and  students  of  medicine, 
«nd  become  one  of  our  most  popular  lexl-books." — ALFRED  LoiiMis,  M.D.,  LL.D.,  fro- 
feaor  e/  Pathology  and  Practice  of  Mtdicme,  Vnivrrsily  of  thi  City  of  Keto  York. 

*'  We  reviewed  the  first  volume  of  this  work,  and  said  ;  '  II  is  uiidoubicdly  one  of  the 
best  lexl'tiDoks  on  ihe  praclice  of  medicine  which  we  possess."  A  eonsideralion  uf  the 
tecond  and  list  volume  leads  Us  to  modify  that  verdict  and  to  say  ihal  the  completed  work 
U  in  our  opinion  ike  test  of  its  kind  it  has  ever  been  oiir  fortune  lotce." — Jiirnt  Vert  Ateditai 
Jtttniai. 

Uoitntctl  Cabloetie  of  Ihe  "American  Texl-Baok*"  tent  bc«  opoo  applkaUoo. 
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AN  AMERICAN  YEAR-BOOK  OF  MEDICrNE  AND  SURQERY. 

A  Yearly  Digest  of  Scientific  Progress  and  Authoritative  Ojjinion  in  all 
branches  of  Medicine  and  Surgery,  drawn  from  journals,  monographs, 
aJid  text-books  of  the  leading  American  and  Foreign  authors  and 
investigators.  Collected  and  arranged,  with  critical  editorial  com- 
ments, by  eminent  American  specialists  and  teachers,  under  the  general , 
editorial  charge  of  Georc;e  M.  Gould,  M.D.  One  handwme  imperial 
octavo  volume  of  about  iioo  pages.  Uniform  in  style,  size,  and 
general  make-up  ivith  the  "American  Text-Book"  Series.  Cloth, 
|6.5onet;  Half  Morocco,  J7. 50  net,     Suld  by  Subscripiion. 

"  II  n  Hit^tcnll  (o  know  which  to  admire  most — ihe  resenrch  aod  industry  of  the  dislia- 
guislied  band  of  experts  wliom  Dr.  Gould  lias  enlisted  in  Iht  sstvice  of  liie  Yeni-Book,  or  Ihe 
wealth  and  abundance  of  the  conlribuliona  Eo  every  dcparTmt^iii  of  i^cience  ihal  have  been 
deemed  worthv  of  annlysts.  .  .  ,  It  is  mu<:h  more  than  a  mere  compilQlion  of  absuacta, 
for,  as  encli  section  Is  entrusted  to  expetteiiL'ed  and  able  contcilmtors,  (he  rcatler  has  the 
advantage  of  certain  critical  commcnlories  and  ei]>OBitionE  .  .  .  proceeding  from  wrileis 
fully  qualified  lo  perform  Ihese  tasU^-  .  -  .  It  is  emphatically  a  book  which  should  find 
a  place  in  every  medical  library,  and  is  in  seveial  respects  more  useful  Ihui  (he  fomoua 
'Jahiblicher'  of  Gcnnaoy." — Londiin  Lanctt. 

THE  AMERICAN  POCKET  MEDICAL  DICTIONARY. 
fSee  Dorland' s  Pocket  Dictionary,  page  10.] 

ANDERS'  PRACTICE  OP  MEDICINE.  Third  Revised  Edition. 
AText-Bookof  the  Practice  of  Medicine,  llyjAMK.sM.  Anders, 
M.D.,  Ph.D.,  LL.D.,  Professor  of  the  Practice  of  Medicine  and  of 
Clinical  Medicine,  Medico-Chirurgical  College,  Philadelphia.  In  onir 
handsome  octavo  volume  of  1 292  pages,  fully  illustrated.  Clolii. 
J5.50  net;  Sheep  or  Half  Morocco,  ^6.50  net, 

"  It  is  an  excellent  book, — conci5c,  comprehensive,  thorough,  and  up  to  date.  Il  is  .1 
credit  to  you  ;  but,  moi^  than  (hat,  i(  is  a  credit  (o  (he  profession  of  Fhiladclphia— to  us." 
James  C.  Wilson,  Proftsair  of  Ihe  Pracltce  of  Midictnt  and  Clinical  Alididnr^  Jcffrrten 
Medical  CelUgt,  Pkiladtlpkia. 

ASHTON'S  OBSTETRICS.     Fourth  Edition,  Revised. 

Essentials  of  Obstetrics,  liy  W.  Eastkri.v  Ashton,  M.D.,  Pro- 
fessor of  Gynecology  in  the  Medico-Chirurgic^l  College,  Philadelphia. 
Crown  octavo,  252  pages;  75  illustrations.  Cloth,  $1.00;  interleaved 
for  notes,  ^11.25. 

[See  Saunders'  Question-Campends,  page  it.] 

"  Embodies  the  whole  subject  in  a.  nut-shell.  We  cordially  tecoiumcnd  it  to  onr  read- 
in."— Chicago  Medical  Timet. 

BALL'S  BACTERIOLOOV.     Third  Edition,  Revised. 

Essentials  of  Bacteriology  ;  a  Concise  and  Systematic  Introduction 
to  the  Study  of  Micro-organistns.  By  M.  V.  Ball,  M.D.,  Bacteriol- 
ogist lo  St.  Agnes'  Hospital,  Philadelphia,  etc.  Crown  octavo,  218 
pages;  82  i litis irat ions,  some  in  colors,  and  5  plates.  Cloth,  $i.oo; 
interleaved  for  notes,  /1.25. 

[See  Saunders'  Question- Compends,  page  21.] 

"  The  student  or  practitioner  can  readily  obtain  a  Unowlcdpe  of  the  subject  from  aperuial 
of  this  book.      The  illustralious  are  clear  and  aatiafactory." — Medical  Recerd,  New  York. 
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BASTIN'S  BOTANY. 

Laboratory  Exercises  in  Botany.  By  Edson  S.  Bastin,  M.A., 
late  Professor  of  Materia  Medica  and  Botany,  Philadelphia  College  of 
Pharmacy.   Octavo  volume  of  536  pages,  with  87  plates.    Cloth,  }z-50. 

*'  It  is  nnquestionabif  the  best  text-book  on  the  subject  that  hu  yet  appeared.  The 
work  is  eminently  a  practical  one.  We  re^rd  the  issuance  of  this  book  as  an  important 
event  in  (he  history  of  pharmnceutical  leaching  in  Ibis  country,  and  predict  lor  it  an  unquali- 
fied success." — A/umm  Rifert  to  ike  Phiiadtlphia  College  of  Pharmacy. 

"  There  is  no  work  like  it  in  the  pliainiBceulical  or  botanical  literature  of  this  country, 
and  we  predict  for  it  a  wide  circulation." — American  Journal  of  Pharmacy. 

BECK'S  SURQICAL  ASEPSIS. 

A  Manual  of  Surgical  Asepsis.  By  Carl  Beck,  M.D.  ,  Surgeon  to 
St,  Mark's  Hospital  and  the  New  York  German  Poliklinik,  etc.  306 
pages;  65  text-illustrations,  and  12  full -page  plates.    Cloth,  ^1-25  net. 

"  An  excellent  exposition  of  the  '  very  latest '  in  the  treatment  of  wounds  as  practised 
by  leading  (jerman  and  American  surgeons." — Birmingham  (Eng.}  Medical  Review. 

"This  little  voIuiDe  can  be  recommended  to  any  who  are  desirous  of  learning  tliedetaili 

of  asepsis  in  surgery,  for  it  will  serve  as  ■  trustworthy  guide." — Lomion  Lancet. 

BOISLINIERE'S  OBSTETRIC  ACCIDENTS,  EMEROENCIES,  AND 
OPERATIONS. 
Obstetric  Accidents,  Emergencies,  and  Operations.    By  L.  Ch. 

BoisuNiERE,  M.D.,  late  Emeritus  Professor  of  Obstetrics,  St.  Louis 
Medical  College.    381  pages,  handsomely  illustrated.    Cloth,  f  2.00  net. 

"  It  is  clearly  and  concisely  wrillen,  and  is  evidently  the  work  of  a  teacher  and  practi- 
tioner of  large  experience." — British  Medietil  Journal. 

"  A  manual  so  useful  to  the  student  or  the  general  practitioner  has  not  been  brought  to 
our  notice  in  a  long  time.  The  field  emhraccd  in  the  title  is  covered  in  a  terse,  interesting 
way." —  Vale  Medical  Journal. 

BROCKWAY'S  MEDICAL  PHYSICS.     Second  Edition,  Revised. 
Essentials  of  Medical  Physics,     By  Frkd  J.  Brockwav,  M.D., 
Assistant  Demonstrator  of  Anatomy  in  the  College  of  Physicians  and 
Surgeons,  New  York.     Crown  octavo,  330  pages ;   155  fine  illustrations. 
Cloth,  1 1. 00  net ;  interleaved  for  notes,  $1.2$  net. 

[See  Saunders'  Question-Compends,  page  21.] 

"  The  student  who  is  well  versed  in  these  pages  wilt  certainly  prove  qualified  to  com- 

Kehend  wilb  ease  and  pleasure  the  great  majority  of  questions  involving  physical  principlel 
(Cly  to  be  met  with  in  bis  medical  studies." — American  Practitioner  and  News. 

"We  know  of  na  manual  that  affords  the  medical  student  a  better  or  more  concisA 

exposition  of  physics,  and  the  book  may  be  commended  as  a  most  satisfactory  presentation 

of  those  essentials  that  are  requisite  in  a  course  in  medicine." — Neio  Vori  Medical  JoumaL 

"  It  contains  all  that  one  need  know  on  the  subject,  ia  well  written,  and  is  copiously 

Illustrated."— jM/rfiira/  Record,  New  York. 

BURR  ON  NERVOUS  DISEASES. 

A  Manual  of  Nervous  Diseases.  By  Charles  W.  Burr,  M.D., 
Clinical  Professor  of  Nervous  Diseases,  Medico-Chirurgical  College, 
Philadelphia ;  Pathologist  to  the  Orthopedic  Hospital  and  Infirmary 
for  Nervous  Diseases;  Visiting  Physician  to  St.  Joseph's  Hospital,  etc 
Jn  Preparation. 
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BUTLERS  MATERIA  MEDICA.  THERAPEUTICS.  AND  PHAR. 
MACOLOGY.  Third  Bdition,  Revised. 
A  Text-Book  of  Materia  Medica,  Therapeutics,  and  Pharma- 
cology. By  George  F.  Butler,  Ph.G.,  M.D.,  Profesor  of  Materia 
Medica  and  of  Clinical  Medicine  in  Ihe  College  of  Physicians  and 
Surgeons,  Chicago;  Professor  of  Materia  Medica  and  Therapeutics, 
Northwestern  University,  Woman's  Medical  School,  etc.  Octavo,  874 
pages,  illustrated.     Cloth,  J4.00  net;    Sheep,  ^5.00  net. 

'■  Taken  as  n  whole,  the  book  may  fairly  be  considered  u  oqa  of  liie  mosl  saliafnctOrT 
of  any  single -volume  works  on  materia  medica  in  the  market." — Journal  of  Ihe  Amtriemi 
hitdifat  Association. 

CERNA  ON  THE  NEWER  REMEDIES.     Second  Edition,  Revised. 

Notes  on  the  Newer  Remedies,  their  Therapeutic  Applications 
and  Modes  of  Administration.  Hy  David  Cerna,  M  D. ,  Ph.D., 
formerly  Demonstrator  of  and  Lecturer  on  Experimental  TheraiJeulics 
in  the  University  of  Pennsylvania;  Demonstrator  of  Physiology  in  the 
Medical  Department  of  the  University  of  Texas.  Rewritten  and 
greatly  enlarged.     Post-octavo,   253  pages.     Cloth,  Ji. 25. 

"The  appearance  of  this  new  edilioti  of  Dr.  Cema's  very  valuable  work  shows  ihat  it 
[b  properly  apprecialcd.  The  book  ouglil  lo  be  in  the  pohaession  of  every  ptacljliog  physi- 
cian. "^AVt^'   York  AlfJifal  Jt'urnizi- 

CHAPIN  ON  INSANITY. 

A  Compendium  of  Insanity.     By  John  B,  Chapin,  M.D.,  LL.D., 

Physicianin-Chicf,  Pennsylvania  Hospital  for  the  Insane;  lale  Physi- 
cian-Superintendent of  the  Willard  State  Hospital,  New  York ;  Hon- 
orary Merotjcr  of  the  Medico-Psychological  Society  of  Great  Britain, 
of  the  Society  of  Mental  Medicine  of  Belgium,  lamo,  234  pages, 
illustrated.     Cloth,  J1.25  net. 

"  The  practical  parts  of  Dr.  Chapin's  book  are  whal  conslilule  its  distinctive  merit.  We 
desire  cspeciaily  to  tall  alleniion  lo  [he  fact  thai  im  llie  "iiibjecl  of  iherapeuLics  of  insanity 
the  work  i*  rxeccitinply  vniuabie.  Il  15  not  a  mude  hook,  but  a  genuine  condensed  thesis, 
which  has  all  Ihe  value  of  ripe  opinion  and  all  the  tharm  of  a  vigi.irou&  and  nalural  style,^' — 
Pkiladilphia  Midisal  Journal. 

CHAPMAN'S    MEDICAL    JURISPRUDENCE    AND    TOXICOLOOY. 

Second  Edition,  Revised. 
Medical  Jurisprudence  and  Toxicology.     By  Henrv  C.  Chapmai^, 
M.D.,  Profes.sor  of  Institutes  of  Medicine  and  Medical  Jurisprudence 
in  the  JefTeison  Medical  College  of  Philadelphia.      254  pages,  with  53 
illustrations  and  3  full-page  plates  in  colors.     Cloth,  f  1.50  net. 

"The  best  book  of  its  claiis  for  ihe  undergraduate  that  we  know  of." — Near  York 
Mtdicai  Ximts. 

CHURCH  AND  PETERSON'S  NERVOUS  AND  MENTAL  DISEASES. 
Nervous  and  Mental  Diseases.  By  Archibald  Church,  M.  D,, 
Professor  of  Mental  llisca^cs  and  Medical  Jurispnidence  in  the  North- 
western University  Medical  School,  Chicago  ;  and  Fkederick  Peter- 
son, M.  D.,  Clinical  Prolessor  of  Menial  Diseases,  Woman's  Medical 
College,  N.  Y.;  Chief  of  Clinic,  Nervous  Dept.,  College  of  Physi- 
cians and  Surgeons,  N.  Y.  Handsome  octavo  volume  of  843  pages, 
profusely  illustrated.     Cloth,  $$-oo  net;  Half  Morocco,  ](5.c>o  net. 
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CLARKSON'S  HISTOLOQY.  , 

A  Text-Book   of    Histology,   Descriptive  and    Practical.      B7 

Arthur  Clarkson,  M.B.,  CM.  Edin,,  formerly  Demonstrator  of 
Physiology  in  the  Owen's  College,  Manchester;  late  Demonstrator  of 
Physiology  in  Yorkshire  College,  Leeds.  Lai^  octavo,  554  pages; 
23  engravings  in  the  text,  and  174  beautifully  colored  original  illustra- 
tions.    Cloth,  strongly  bound,  {4.00  net 

"  Tbe  work  musl  be  considered  a  valnable  addition  to  (be  list  of  Bvailable  (extbooki, 
and  is  to  be  highly  recommended." — Aew  YorJI  Mcdiial  Journal. 

"This  is  one  of  the  best  worlts  for  Students  we  have  ever  noticed.  We  predict  that  the 
boidc  will  Mlain  a  well-deseried  popularity  among  our  students." — Chicago  Aftdual  Recordtr. 

CLIMATOLOOY. 

Transactions  of  the  Eighth  Annual  Meetlns  of  the  American 
Climatologlcal  Association,  held  in  Washington,  September  21-35, 
1891.  Forming  a  handsome  octavo  volume  of  176  pages,  uniform  with 
remainder  of  series.     (A  limited  quantity  only.)     Cloth,  ^150. 

COHEN  AND  ESHNER'S  DIAQNOSIS. 

Essentials  of  Diagnosis.  By  Solomon  Solis-Cohen,  M.D.,  Pro- 
fessor of  Clinical  Medicine  and  Applied  Therapeutics  in  the  Philadel- 
phia Polyclinic ;  and  Augustus  A.  Eshner,  M.D.,  Professor  of  Clinical 
Medicine  in  the  Philadelphia  Polyclinic.  Post-octavo,  382  pages;  55 
illustrations.     Cloth,  f  1.50  net. 

[See  Saunders'  Question- Compends,  page  ai.] 

"We  can  beartiiy  commend  the  book  to  all  those  who  contemplate  purchasing  a  'cont- 
pend.'  It  is  modern  and  complete,  and  will  give  more  satisfaction  than  many  oilier  work* 
which  are  perhaps  too  prolix  as  well  as  behind  the  times." — Mtdiial  Rtview,  St.  I.ouis. 

CORWIN'S  PHYSICAL  DIAGNOSIS.    Third  Edition,  Revised. 

Essentials  of  Physical  Diagnosis  of  the  Thorax.  By  ARTHtnt 
M.  CoRwiN,  A.  M. ,  M.  D. ,  Demonstrator  of  Physical  Diagnosis  in  Rtish 
Medical  College,  Chicago ;  Attending  Physician  to  Central  Free  Dis- 
pensary, Department  of  Rhinology,  Laryngology,  and  Diseases  of  the 
Chest,  Chicago.   219  pages,  illustrated.  Cloth,  flexible  covers,  {1.25  net. 

"  It  is  excellent.  The  student  who  shall  use  it  as  his  guide  to  the  careful  study  of 
physical  exploration  upon  normal  and  abnormal  subjects  can  scarcely  fail  to  acquire  a  good 
wcHking  knowledge  of  the  subject." — Philadelpkia  Polyclinic. 

"A  most  excellent  litlle  work.  It  brightens  the  memory  of  the  differential  diaenoltic 
ligns,  and  it  arranges  orderly  and  in  sequence  the  various  objective  phenomena  to  logical 
solution  of  a  careful  diagnosis." — -Journal  of  Ntrvaus  and  Mental  Diuasis. 

CRAQIN'S  OVNiCCOLOaV.     Fourth  Edition.  Revised. 

Essentials  of  Oynsecology.  By  Edwin  B.  Cragin,  M.  D.,  lecturer 
in  Obstetrics,  College  of  Physicians  and  Surgeons,  New  York.  Crown 
octavo,  200  pages;  62  illustrations.    Cloth,  Jr. 00;  interleaved  for  notes, 

[See  Saunders'  Question- Compends,  page  21.] 

"  A  handy  volume,  and  a  distinct  improvement  on  sludenls'  compends  in  ^cmni.  No 
author  H  ho  was  not  himself  a  practical  gynecologist  rxiuld  have  consulted  the  student's  needi 
so  thoroughly  as  Dr.  Cragin  has  done." — Medical  Ktcerd,  New  York. 
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CROOKSHANKS  BACTERIOLOGY.     Fourth  Edition,  Revised. 

A  Text-Book  of  Bacteriolog^y.  By  Edgar  M.  Chookshank,  M.B,, 
Professor  of  Comparative  Pathology  and  Bacteriology,  King's  College, 
London.  Octavo  volume  of  700  pages,  with  273  engravings  and  21 
original  colored  plates.     Cloth,  J6.50  net;  Half  Morocco,  ST-S"  net. 

■'  To  Ihp  itudeiit  who  wishes  to  tililain  a  good  •huml  of  wliat  has  lieen  done  in  bacteri. 
'^It'gyi  ^^  wlio  Wight's  B,\\  at^turale  account  of  liie  various  ineEboi1&  of  rescartb,  Ibc  book  may 
be  reconimrDileJ  with  cootiJtnce  that  he  will  find  iht-rc  what  he  requires.'' — London  Lanefl. 

DaCOSTA'S  surgery.  Second  Ed.,  Revised  and  Greatly  Enlargred. 
Modern  Surgery,  General  and  Operative.  By  John  Chalmers 
DaCosta,  M.D.,  Clinical  Professor  of  Surgery,  Jefferson  Medical 
College,  Philadelphia;  Snrgeoii  lo  the  Philadelphia  Hospital,  etc. 
Handsome  octavo  volume  of  900  pages,  profusely  illustrated.  Cloth, 
J4.00  net;   Half  Morocco,  55. do  net. 

"We  know  of  no  small  work  on  surgery  in  the  English  language  which  so  well  fulfils 
thp  requircmiTils  of  tht  iiiudern  aludeiil.'' — Mfdico-Ckiniigiial  Jminial.  Uristol,  England. 

DE  SCHWEINITZ  ON  DISEASES  OF  THE  EVE.      Third  Edition, 
Revised. 
Diseases  of   the  Eye.     A  Handbook   of  Ophthalmic  Practice. 

By  G.  E.  DE  ScHWF.isnz,  M.D.,  Professor  of  Ophthalmology  in  the 
Jefferson  Medical  College.  Philadelphia,  etc.  Handsome  royal  octavo 
volume  of  696  pages,  with  256  fine  illustrations  and  2  chromo-litho- 
graphic  plates.      Cloth,  J4.00  net  j  Sheep  or  Half  Morocco,  ^5.00  net. 

"  A  clenrly  written,  comprehensive  manual.  One  which  we  can  commend  to  studenia 
as  a  Teiiahte  lext-book,  wrrtten  with  an  evident  knowledge  of  ibe  wants  of  those  r^ntering 
upon  the  study  of  this  special  branch  of  medical  stieijce." — Briiish  Medical  Journal. 

"  A  work  that  will  meet  the  requiiements  not  only  of  the  specialist,  but  of  the  general 
pntctitioner  in  a  mre  degree,  1  oni  satii^fied  (hat  unusual  success  awaits  it-'^. — WlLLJAU 
Pepper,  M.D.,  Professor  of  lAc  Theory  and  PracHci  of  Mtdicitu  and  Cliniial  Midiciiu, 
U'livmity  of  Pennsyhania. 

DORLAND'S  DICTIONARY.     Second  Edition,  Revised. 

The  American  Pocket  Medical  Dictionary.  Containing  the  Pro- 
nunciation and  Definition  of  all  the  principal  words  and  phrases,  and  a 
large  number  of  useful  tables.  Edited  by  W.  A.  Newman  D<irlan[i, 
M.D.,  Assistant  Demonstrator  of  Obstetrics,  University  of  Pennsylvania; 
Fellow  of  the  .'Vmerican  .\cadeniy  of  Medicine.  518  pages  ;  handsomely 
bound  in  full  leather,  limp,  with  gilt  edges  and  patent  index.  Price, 
^i.OQ  net;  with  thumb  index,  J'-^S  '*^^- 

DORLAND'S  OBSTETRICS. 

A  Manual  of  Obstetrics.  By  W.  A,  Newman  Dorland,  M.D  . 
Assistant  Demonstrator  of  Obstetrics,  University  of  Pennsylvania , 
Instructor  in  Gynecology  in  the  Philadelphia  Polyclinic.  760  pages  , 
163  illustrations  in  the  text,  and  6  full-page  plates.     Cloth,  g^.jo  net. 

■■  By  far  the  best  book  on  ihii  subject  that  has  ever  come  lo  our  notice." — Ameritan 

Medital  Revieui. 

*^  1(  has  rarely  lieen  our  duty  (0  review  a  book  which  has  given  us  more  pleasure  in  its 
perusal  and  more  satisfaction  in  its  criticism.  It  is  a  veritable  encyclopedia  of  knowledge, 
■  gold  mine  of  practical,  concise  thoughts." — American  Mtdico-Surgieal  Bullelin. 
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FROTHINOHAM'S  GUIDE  FOR  THE  BACTERIOLOGIST. 

Laboratory  Guide  for  tbe  Bacteriologist.  By  Langdon  Froth- 
INGHAM,  M.D.V.,  Assistant  in  liacteriology  and  Veterinary  Science, 
Sheffield  Scientific  School,  Yale  University.     Illustrated.    Cloth,  75  cts. 

"  II  is  a  convenient  and  useful  lillle  work,  and  will  more  than  repay  tlic  oullay  necci- 
fiary  for  its  purci^aae  in  [he  saving  of  time  which  u'natd  olhcrwi^  he  consumed  in  looking 
Up  the  various  points  of  lechoique  so  clearljr  and  concisely  laid  down  ui  its  pages." — Amiri- 
can  Meiliee-SurgicaJ  Bulliliit. 

QARRIGUES'  DISEASES  OE  WOMEN.  Second  Edition,  Revised. 
Diseases  of  Women.  By  Henry  J.  Garricites,  A.M.,  M.D.,  Pro- 
fessor of  Gynecology  in  the  New  York  School  of  Clinical  Medicine; 
Gynecologist  to  St.  Mark's  Hospital  and  to  the  German  Dispensary, 
New  York  City,  etc.  Handsome  octavo  volume  of  728  pages,  illus- 
trated by  335  engravings  and  colored  plates.  Cloth,  J4.00  net; 
Sheep  or  Half  Morocco,  55.00  net. 

"  One  of  the  best  teit-books  for  students  and  practitioners  which  has  been  published  Id 
the  English  language  ;  it  is  conilensed,  efear,  nnrl  comprehensive,  l^he  profound  tcamitig 
and  gieat  clinii:al  eiperience  of  the  distinguished  aullioi  iind  expteiaion  in  this  booli  in  a 
most  niiraciive  and  instructive  form.  Voting  ptaetidoners  to  whom  experienced  consoltams 
may  not  be  available  will  Iind  in  Ihii  book  invaluable  couumI  and  help." — Thad.  A. 
RkaMV.  M.D.,  LL.U.,  Professor  of  Clinical  Cynei^logy,  Midicat  Collrge  of  Ohio. 

QLEASON'S  DISEASES  OF  THE  EAR.  Second  Edition.  Revised. 
Essentials  ol    Diseases  of  the  Ear.     By  E.  B.  Gleason,  S.B., 

M,  D, ,    Clinical    Prolessor    of    OUilogy,    Medico- Chi nirgical    College, 
Philadelphia  ;  Surgeon -in-Charge  of  the  Nose,  Throat,  and  Ear  Depart- 
ment  of  the   Northern   Dispensary,  Philadelphia.     208   pages,  with 
114  illustrations.     Cloth,  Ji.oo  ;  interleaved  for  notes,  ^1.25. 
[See  Saunders'  Question- Compends,  page  21.] 

"  II  is  josl  the  book  10  put  into  the  hinds  nf  a  student,  and  cannot  fail  to  give  him  ■ 
□sefbl  intrxxluction  to  ear-aRec lions  ;  while  the  st\le  of  qut<>tion  and  answer  which  is  adopted 
throughout  the  t-ook  is.  we  l-elieve,  the  best  method  of  impressing  facts  giemianenlly  on  the 
mind." — Lhirfsol  MrJico-Chirurgical Journal. 

GOULD  AND  PVLE'S  CURIOSITIES  OF  MEDICINE. 

Anomalies  and  Curiosities  of  Medicine.  By  George  M.  Goltld, 
M.D,,  and  Walter  L.  Pyle.  M.D.  An  encyclopedic  collection  of 
rare  and  extraordinary  cases  and  of  the  most  striking  instances  of 
abnormality  in  all  branches  of  Medicine  and  Surgery,  derived  from  an 
exhatistive  research  of  medical  literature  from  its  origin  to  the  present 
day,  abstracted,  classified,  annotated,  and  indexed.  Handsome  im- 
perial octavo  volume  of  968  pages,  with  395  engravings  in  the  text, 
and  12  fall-page  plates.  Cloth,  }6.oo  net;  Half  Morocco,  J7.00  net, 
Sold  by  Subseription. 

"One  of  the  must  vnUntlile  contributions  ever  made  to  medical  literature.  It  is.  so  far 
*&  we  know,  absolutely  unique,  and  every  page  it  u  lucinating  as  a  novel.  Not  alone  for 
the  medical  profession  has  this  volume  value :  it  will  serve  u  a  book  of  reference  for  all  who 
ire  interested  in  general  scientilic,  Hiciologic,  or  medico-legal  topics-" — BrteHyn  Mtdical 
Jimmal. 

"Tills  is  certoinly  a  most  lemaikable  and  interesting  volume.  It  stand'i  aloDC  among 
medical  literature,  an  anomaly  on  anomalies,  in  that  there  is  nolhine  like  it  elaewhere  io 
medical  litemtute.  ft  i«  a  book  full  of  revelations  from  its  6rst  to  its  last  page,  and  cannot 
bat  interest  and  sometimes  almost  bonify  its  readers." — Aittrican  MtJictSurgiiai  Bmllelin. 
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ORAFSTROM'S   MECHANO-THERAPY. 

A  Text-Book  of  Mechano-Therapy  (Massage  and  Aledical  Gym- 
nastics). By  Axel  V.  Grafsthcim,  B.  Sc.,  M.  1.)..  late  Lieutenant  in 
the  Royal  Swedish  Army;  late  House  Physician  City  Hospital,  Black- 
well's  Island,  New  York,    iztno,  139  pages,  iiluscraleti.   Cloth,  gi.oo  net. 

GRIFFITH  ON  THE  BABY.     Second  Edition,  Revised. 

The  Care  of  the  Baby.  By  J.  P.  Croz.er  GsrFFiTH,  M.D.,  Clini- 
cal Professor  of  Diseases  of  Children,  University  of  Pennsylvania; 
Physician  to  llie  Children's  Hospital,  Philadelphia,  etc.  jznio.  404 
pages,  with  67  illustrations  in  the  text,  and  5  plates.      Cloth,  J1.50. 

■*The  bc^l  bocik  for  the  U5t  of  the  young  molhcr  wilh  which  we  arc  acquainted-  .  .  . 
There  are  very  few  geneia!  praclilionen  irho  could  not  read  the  book  thtougb  wilh  adiao- 
t«ge." — Archivfs  of  Pcdiittria. 

"The  whole  hook  is  charaderiied  by  rare  good  sense,  and  n  evidenlly  wrillen  by  a 
masEer  hand.  It  can  be  read  wilh  btnelit  not  only  by  mothers  but  by  medical  sludeats  and 
by  any  pratlilioners  who  have  not  hud  large  oppoitunilies  for  observing  children." — Amtri- 
can  Journal  of  Obstittiis. 

GRIFFITHS  WEIGHT  CHART. 

Infant's  Weight  Chart.    Designed  by  J.  P.  Crozer  Griffith,  M.D., 

Clinical  Professor  of  Diseases  of  Children  in  the  University  of  Penn- 
sylvania, etc.      25  charts  in  each  pad,      I'er  pad,  50  cents  net. 

A  conveuienL  blank  for  keeping  a  record  of  Ihe  child's  weight  during  the  Brst  two  years 
of  life.  Priuled  on  each  chart  is  a  curve  repre^nling  [be  average  weight  of  a  healthy  ialaol, 
so  Ihal  any  deviation  from  ihe  normal  can  r(->fldily  be  detected. 

GROSS,  SAMUEL  D.,  AUTOBIOGRAPHY  OF. 

Autobiography  of  Samuel  D.  Gross,  M.D.,  Emeritus  Professor  of 

Surgery  in  the  Jefferson  Medical  College,  Philadelphia,  wilh  Remi- 
niscences of  His  Times  and  Contemporaries.  Edited  by  his  Sons, 
Samuf.l  W.  Gross,  M.D.,  LL.D.,  late  Professor  of  Principles  of  Sur- 
gery and  of  Clinical  Surgery  in  the  Jefferson  Medical  College,  and 
A.  Haller  Gross,  A.M.,  of  the  Philadelphia  Bar.  Preceded  by  a 
Memoir  of  Dr.  Gross,  by  the  late  Austin  Flint,  M.D. ,  LL.D.  In 
two  handsome  volumes,  each  containing  over  400  pages,  demy  octavo, 
extra  cloth,  gilt  tops,  with  fine  Frontispiece  engraved  on  steel.  Price 
per  volume,  fa. 50  net. 

"  I>r.  Gross  was  perhaps  the  most  eminent  exponent  of  medical  science  that  America 
had  yet  produced.  \V\%  AuLobiographv,  related  05  it  is  w;(h  a  fulness  and  complelenets 
seldom  to  t>e  found  in  such  works,  is  un  interesting  and  valuable  l>ook.  He  comments  on 
many  things,  especially,  of  course,  on  medioal  men  and  medical  practice,  in  a  veiy  interest- 
ing wftv."' — The  Spec/alor,  I.ondon,  England. 

HAMPTON'S  NURSING.  Second  Edition.  Revised  and  Enlarged. 
Nursing:  Its  Principles  and  Practice.  By  Isabel  Adams  Hamp- 
ton, Graduate  of  the  New  York  Training  School  for  Nurses  attached 
to  Bellevue  Hospital ;  late  Superintendent  of  Ntirses  and  Principal  of 
the  Training  School  for  Nurses,  Johns  Hopkins  Hospital,  Baltimore, 
Md.     12  mo,  513  pages,  illustrated.     Cloth,  ^2.00  net. 

"  Seldom  have  we  peni'ed  n  liook  upon  ihe  subject  lha(  hn.f  [jivcn  us  so  much  pleasure 
■s  Ihe  one  before  us.  We  would  strongly  urge  upon  the  merntwrs  of  our  own  profession  tiie 
need  of  a  liook  like  ihi^,  fur  ll  will  enable  each  of  us  to  liecoine  a  training  school  in  him- 
lelf." — Oii/ario  MrJiial  Journal. 


Medical  Pabl^atJons  of  W.  B.  Saunders. 


13 


HARE'S  PHYSIOLOQV.  Fourth  Edition,  Revised. 

Essentials  of  Physiology.  By  H.  A.  Hakf,,  M.D.,  Professor  of 
Therapeutics  and  Materia  Medica  in  the  Jefferson  Medical  College  of 
Philacielphia.  Crown  octavo,  239  pages.  Cloth,  Ji.oo  net;  inter- 
leaved lor  notes,  $1.25  net. 

[See  Saunders'  Quesiion-Ciitttpeniis,  page  ai.] 

"The  best  condensalion  of  physiological  knowledge  we  hove  yel  seen." — Mrdkal 
Xetard,  New  York. 

HARTS  DIET  IN  SICKNESS  AND  IN  HEALTH. 

Diet  in  Sickness  and  in  Health.  Uy  Mrs.  Ernest  Hart,  formerly 
Student  of  the  Faculty  of  Medicine  of  I'arisand  of  the  London  School 
of  Medicine  for  Women  :  with  an  Introduction  by  Sir  Henry 
THOMrsoN,  F.R.C.S.,  M.D. ,  London.     220  pages.      Cloth,  J1.50. 

"  Wf  rec^ommeni)  ii  cordially  lo  ihe  otlention  of  all  practitioners ;  both  to  tbem  and  to 
llicii  patienla  it  oi.ij  Iw  of  tlie  greatest  servite. " — .Vnc  Yeri  Mtdkal  JoHmal. 

HAYNES'  ANATOMY. 

A  Manual  of  Anatomy.     By  Irving  S.  Haynes,  M.D.,  Adjunct 

Professor  of  Anatomy  and  Demonstrator  of  Anatomy,  Medical  Depart- 
ment of  the  New  York  University,  etc,  6S0  pages,  ilhisirated  with  4a 
diagrams  in  the  text,  and  134  full-page  half-tone  illustrations  from 
original  photographs  of  the  author's  dissections.      Cloth,  Jj.50  net. 

"  This  book  is  the  work  of  11  practical  instniclot — one  who  knows  by  experience  ihc 
rccguiremetils  of  the  average  student,  and  is  able  to  meet  tbete  [equircmenta  in  a  very  tails- 
factory  way.      The  book  is  one  that  can  be  comaiended, " — Medical  Ricord,  New  Voric. 

HEISLER'S  EMBRYOLOGY. 

A  Text-Book  of  Embryology.  By  John  C.  Heisler,  M.D.,  Pro- 
fessor of  Anatomy  in  the  Medico- Chi nirgic;il  College,  Philadelphia.  Oc- 
tavo volume  of  405  pages,  handsomely  illustrated.    Cloth,  J1.50  net. 

HIRSTS  OBSTETRICS. 

A  Text-Book  of  Obstetrics.  By  Barton  Cooke  Hirst,  M.  D., 
Professor  of  Obstetrics  in  the  University  of  Pennsylvania.  Handsome 
octavo  volume  of  S48  pages,  with  618  illustrations,  and  7  colored 
plates.     Cloth,  ^5.00  net;  Sheep  or  Half  Morocco,  /6.00  net. 

"  The  illustrations  me  numerous  and  are  works  of  art.  many  of  ihem  appealing  foi  the 
fiiW  lime.  The  Bmns'^mcnt  of  (he  tubjecl-mnUer,  the  fool-notes,  and  index  are  beyond 
criticism.  As  a  true  model  of  what  a  modem  texl-lwok  on  otvsletncs  sliould  lie,  wc  feel 
juitified  in  affirming  thai  Dr.  Hirst's  book  is  without  a  rival." — Xew  York  JUtdical  Ktiord. 

HYDE  AND  MONTGOMERY  ON  SYPHILIS  AND  THE  VENEREAL 
DISEASES. 

Syphilis  and  the  Venereal  Diseases.     By  James  NeviNs   Hyde, 

M.D.,  Professor  ol  Skin  and  Venereal  Diseases,  and  Frank  H.  Mont- 
gomery, M.D.,  Lecturer  on  Dermatology  and  Gen ilo- Urinary  Diseases 
in  Rush  Medical  College,  Chicago,  111.  61S  pages,  profusely  illustrated. 
Cloth,  ^2.50  net. 

■>  We  can  cnmniend  this  manual  lo  the  aludent  u  a  help  lo  hiln  b  his  >ludy  of  TCDerca) 
diseases." — Lti'trfinel  Mtdko-Cliimrgual  Jaumtil- 

"  The  beat  student's  manual  which  has  appeared  00  the  lutijecl." — Si.  £«wm  Meditai 
tmd  Surgical  jBnmal. 


JACKSON  AND  OLEASON'S  DISEASES  OP  THE  EYE,  NOSE,  AND 
THROAT.  Second  Edition,  Revised. 
Essentials  of  Refraction  and  Diseases  of  the  Eye.  By  Edward 
JacK-son.  A.m.  ,  M.D.,  Professor  of  Diseases  of  the  Eye  in  tiie  Phila- 
delphia Polyclinic  and  College  for  Graduates  iii  Medicine ;  and — 
Essentials  of  Diseases  of  the  Nose  and  Throat.  By  K.  Bald- 
win Gleason,  M.D.,  Surgeon -in- Charge  of  the  Nose,  Throat,  and 
Ear  Department  of  the  Northern  Dispensary  of  Philadelphia.  Two 
volumes  in  one.  Crown  octavo.  190  pages;  124  illustrations.  Cloth, 
Ji.oo;  interleaved  fur  notes,  Si-»5- 

[Sec  Saunders'  Question- Campemis,  page  ai.] 

•'  Of  greal  vnluc  fo  ihe  beginner  in  these  branches.  The  nuthort  are  both  capable  men, 
and  koow  what  a  student  most  needs." — Midical  Record,  New  York. 

KEATINO'S  DICTIONARY.     Second  Edition.  Revised. 

A  New  Pronouncinjf  Dictionary  of  Medicine,  with  Phonetic 
Pronunciation,  Accentuation,  Etyniolog:y,  etc.  By  John  M. 
Keating,  M.D.  ,  LL,  D. ,  Fellow  of  tlie  College  of  Physicians  of  Phila- 
delphia ;  Vice-President  of  the  American  Pasdiatric  Society;  Editor 
'■  Cyclopiedia  of  the  Diseases  of  Children,"  etc.;  and  Henry 
Hamilton,  Author  of  "A  New  Translation  of  Virgil's  .it'neid  into 
English  Rhyme,"  etc.;  with  the  collaboration  of  J.  Chalmers  Da- 
Costa,  M,D..  and  Frederick  A.  Packard,  M.D.  With  an  Appendix 
containing  Tables  of  Bacilli.  Micrococci,  Leucomaines,  Ptomaines; 
Drugs  and  Materials  used  in  Anti.septic  Surgery ;  Poisons  and  their 
Antidotes ;  Weights  and  Measures ;  Thermometric  Scales ;  New 
Official  and  Unofficial  Drugs,  etc.  One  volume  of  over  800  pages. 
Prices,  with  Denison's  Patent  Ready -Reference  Index:  Cloth.  J5.00 
net;  Sheep  or  Half  Morocco,  fS-oo  net;  Half  Russia,  316.50  net. 
Without  Patent  Index:  Cloth,  J4.00  net;  Sheep  or  Half  Morocco, 
I5.00  net. 

"  1  am  much  pleased  with  Keating's  Dtc(ionar)',  and  shall  take  pleasure  in  reccimmend. 
ing  it  lo  my  classes." — Henky  M.  LymaN,  M.D,,  Pre/eisar  0/  Ike  Frintiplei  and  Frarliu 
of  Mtdicint,  Rush  Medical  College,  C/iicitgo,  lit. 

"  I  am  convinced  that  it  will  be  a  very  valuable  adjunct  to  my  sludy-lable,  convenieni 
in  siie  and  sulficienlly  full  fnr  ordinary  use." — C.  A.  Lindslkv,  M.D.,  Professor  of  the 
Thiory  and  Pradice  of  Aftduinit  Medical  Deft.    Yak  University. 

KEATINO'S   LIFE   INSURANCE. 

How  to  Examine  for  Life  Insurance.  By  John  M.  KEATrNC, 
M.D.,  Fellow  of  the  College  of  Physicians  of  Philadelphia;  Vice- 
President  of  the  -American  Piediatric  Society;  Ex- President  of  the 
Association  of  Life  Insurance  Medical  Directore.  Roj'a!  octavo,  zii 
pages;  with  two  large  half-tone  illustrations,  and  a  plate  prepared  by 
Dr.  McCiellan  from  special  dissections;  also,  numerous  other  illustra- 
tions.    Cloth,  JIa.oo  net. 

"  This  is  by  Far  ihe  mcsl  useful  book  which  has  yel  appcured  on  insurance  examination, 
a  suliject  of  growing  iiilcresi  and  impiirlance.  Not  (he  leasl  valuable  (>otlion  of  the  volume 
is  Part  II,,  which  cmsuls  of  instniclions  isue<!  In  Ibcir  esamining  physicians  by  twenty  four 
represenlalive  compariea  of  Ihj*  country.  If  for  these  alone,  the  tiook  should  be  al  Ihe  right 
band  of  eveiy  physician  inteRited  in  this  special  branch  of  medical  science." — The  Medical 
Nevis. 


KEEN  ON.  THE  SURGERY  OF  TYPHOID  FEVER. 

The  Surgical  Complications  and  Sequels  of  Typhoid  Fever. 
By  Wm.  W.  Keen,  M.U,,  LL.D.,  Professor  of  the  Principles  of  Sur- 
gery and  of  Clinical  Surgery.  Jefferson  Medical  College,  Philadeli>iiia ; 
Corresponding  Member  of  tlie  SociSt^  de  Chirurgie,  Paris;  Honorary 
Member  of  the  Society  Belpe  de  Chirurgie,  etc.  Octavo  volunie  of 
386  pages,  illustrated.     Cloth,  J3.00  net. 

"  Thii  is  probalilj  the  first  and  onlv  work  in  llic  English  lenguaEe  that  gives  Iht  reader 
o  clear  liew  uf  whnl  lyiilioi<l  fever  really  is,  ami  ulial  il  does  and  can  do  la  llic  liuman 
organism.  This  book  should  i^  111  [he  possession  of  every  medical  mail  in  America." — 
ArHfi-itart  Mfttit'o-SHrgiaii  SuU^riH. 

KEEN'S  OPERATION  BLANK.     Second  Edition.  Revised  Form. 
An  Operation  Blank,  with  Lists  of  Instruments,  etc.  Required 

in  Various  Operations.  Pre|>ared  by  W.  W.  Kren,  M.D.,  LL.D., 
Professor  of  the  Principles  ol  Surgery  in  Jefferson  Medical  College, 
Philadelphia,      Price  per  pad,  containing  blanks  for  fifty  operations, 

50  cents  net. 

KYLE  ON  THE  NOSE  AND  THROAT. 

Diseases  of  the  Nose  and  Throat.  By  D.  Eraden  K\xe,  M.D., 
Clinical  Professor  of  Laryngology  and  Rhinology,  Jefferson  Medical 
College,  Philadelphia;  Consulting  I^ryngologisi,  Kliinologist,  and 
Otologist,  St.  .\gnes'  Hospital.  Handsome  octavo  volume  of  about 
6,10  pages,  with  over  150  illusiralions  and  6  lithographic  plates.  Price, 
Cloth.  $4.00  net ;    Half  Morocco,  S5.00  net. 

LAINE'S  TEMPERATURE  CHART. 

Temperature  Chart.  Prepared  by  D.  T.  Lain^.  M.D.  Size8xi3>i 
inches.  A  conveniently  arranged  Chart  for  recording  Temperature, 
with  columns  for  daily  amounts  of  Urinary  and  Fecal  Excretions, 
Food,  Remarks,  etc.  On  the  back  of  each  chart  is  given  in  full  the 
method  of  Brand  in  the  treatment  of  Typhoid  Fever,  Price,  per  pad 
of  25  charts,  50  cents  net. 

"To  the  busy  praciiiioDer  (his  chart  trill  be  found  of  great  imtne  in  feier  cases,  uh] 
especially  for  cases  cj'  (jphoid." — Indian  Lanerl,  Catculta. 

LOCKWOOD'S  PRACTICE  OF  MEDICINE. 

A  Manual  of  the  Practice  of  Medicine.  By  George  Roe  Lock- 
wood,  M.D.,  Professor  of  Practice  in  the  Woman's  Medical  College 
of  the  New  York  Infirmary,  etc.  935  pages,  with  75  il  lustrations  in 
the  text,  and  21  full-page  plates.     Cloth,  ^1.50  net. 

*'  Gives  in  a  most  concise  manner  the  poin[s  easenliat  to  (realtncnl  UMuUly  enumerated 
in  Ibe  most  elaboraie  ViitV9,-''^Mftiia<kusett5  Mtdieai Journal. 

LONG'S  SYLLABUS  OF  QYNECOLOQY. 

A  Syllabus  of  Gynecology,  arranged  in  Conformity  with  "  An 
American  Text-Book  of  Gynecology."  ]ly  J.  W.  Lon-.;.  M.D.. 
Professor  of  Disea.ses  of  Women  and  Children,  Medical  College  of 
Virginia,  etc.     Cloth,  interleaved,  {i.oo  net. 

*■  The  book  is  certainly  an  admirable  rfmmt  of  wbat  every  gynecological  itudenl  and 

?nu:l^ti<iner  ilioald  know,  and  will  prote  of  value  not  only  la  those  who  have  the  '  AiDCiiear 
«»t-llook  of  (ly II ecology,"  but  to  oiben  as  »«ll." — BrtailfH  Mtjiial Jrmmal. 
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MACDONALD'S  SURGICAL  DIAONOSIS  \ND  TREATMENT. 

Surelcal  Diagnosis  and  Treatment.  By  J.  W.  Macdonald,  M.D. 
Edin.,  F.R.C.S.,  Edin.,  Professor  of  the  Practice  of  Surgery  and  of 
Clinical  Surgery  in  Hamline  University;  Visiting  Surgeon  to  Sl 
Barnabas'  Hospital,  Minneapolis,  etc.  Handsome  octavo  volume  of 
800  pages,  profusely  illustrated.  Cloth,  ^5.00  net;  Half  Morocco, 
^6.ao  net. 

"  A  (horougb  and  complete  work  on  su^cal  diagnoiii  and  Ueatmmt,  free  frao)  pd- 
ding,  full  of  valuable  material,  and  in  accord  wilh  the  Burgical  tiiaching  of  tbe  daj." — Tir 

Medical  News,  Nrw  York. 

"  Tbe  work  ii  bninful  of  jiul  tbe  kind  nf  ->ractica1  informalioD  that  is  useful  alike  Id 
Modents  and  pnctiticaen.  It  it  a  pleasure  to  <joininend  the  bock  because  of  ill  intrinsic 
valuo  to  (be  medical  practitioner." — Ciniinnati  Lanccl-Clinw 

MALLORY  AND  WRiaHT-S  PATHOLOGICAL  TECHNIQUE. 

Pathological  Technique.  A  Practical  Manual  for  Laboratory  Wwk 
in  Pathology,  Bacteriology,  and  Morbid  Anatomy,  with  cbapten  on 
Post- Mortem  Technique  and  the  Performance  of  Autopsies.  By  Fkaxc 
B.  Mallory,  A.M.,  M.D.,  Assistant  Professor  of  Pathology,  Harvam 
University  Medical  School,  Boston;  and  Jaues  H.  Wrioht,  A.M.. 
M.D.,  Instructor  in  Pathology,  Harvard  University  Medical  School, 
Boston.  Octavo  volume  of  396  pages,  handsomely  illustrated.  Cloth, 
fi.50  net. 

"  I  bave  been  looking;  forward  to  the  publication  of  this  book,  and  I  am  glr.d  to  uy  Ihit 
I  find  it  la  be  a  most  ujerul  laboratory  and  post-inortem  guide,  full  of  practical  informatioD, 
and  w«ll  up  to  dale. " — WiLLiAU  II.  Welch,  Pn>/aior  0/  Pathel^y,  Johns  S^kins  Cm- 
vertily,  BttUimare,  Md. 

MARTIN'S   MINOR    SURGERY.  BANDAGING,   AND    VENEREAL 
DISEASES.     Second  Edition,  Revised. 
Essentials    of    Minor    Surgery,    Bandaging,    and     Venereal 
Diseases.     By  Ei)w\ri>  Martis,  A.M.,  M.L).,  Clinical  Professor  of 

(Jenito-l'riiiary  Disea.SL's,  University  of  Pennsylvania,  etc.  CrOTn 
octavo.  166  pages,  with  78  illustrations.  Cloth,  gi.oo  ;  interleaved  for 
notes,  pi.  25. 

[See  Saunders'  Qufstion-Comf-ends,  page  71.] 

"  A  very  j)r.iclj<:j*l  ami  systematic  study  of  Ibe  subjects,  and  shows  tbe  aathor^s  lamil- 
iarily  with  llic  needs  tif  student*." — Theraftiilic  Caztlli. 

MARTIN'S  SUROERV.     Sixth  Edition,  Revised. 

Essentials  of  Surgery.  Containing  also  Venereal  Diseases,  Surgi- 
cal I.andmark.s,  Minor  and  Operative  Surgery,  and  a  complete  de- 
scription, with  illustrations,  of  the  Handkerchief  and  Roller  Bandages. 
By  KcwAKi)  Martin,  A.M..  M.D.,  Clinical  Professor  of  Genito- 
urinary Diseases,  I'niversity  of  Pennsylvania,  etc.  Crown  octavo,  338 
Images,  illustrated.  With  an  Appendix  containing  full  directions  for  the 
preparation  of  the  materials  used  in  Antiseptic  Surgery,  etc.  Cloth, 
(li.oo;  interleaved  for  notes,  {1.25. 

[See  Saunders'  Question- Com  fends,  page  31.] 

"  r.ipitnins  all  necessary  fisentinls  of  modem  sui^ery  in  a  comparatively  small  »p»ce. 
Its  style  i>  iiueresiing,  and  its  illuilrations  arc  admirable." — MedUal and  SHr^ical  Rtforttr. 
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McFARLAND'S   PATHOGENIC    BACTERIA.     Second  Edition.  Re- 
vised and  Greatly  Enlarged. 
Text-Book  upon  the  Pathogenic  Bacteria.     By  Joseph   McFab- 

LAND,  M.  D. ,  Professor  of  Pathology  and  Kacterioiogy  in  ihe  Medico- 
ChirurgLcal  College  of  Philadelphia,  etc.  Octavo  volume  of  497  pages, 
finely  illustrated.     Cloth,  J3-50  net. 

"  Dr.  McFarland  has  (rraled  ihc  aubjpcl  in  a  syslpmatic  manner,  and  has  succeeded  to 
presenling  in  a  concise  and  rendable  form  Ihe  essenlials  of  buoeriiilogy  up  to  dale.  Allo- 
gether,  llie  book  Is  a  Mtisraclory  one,  and  I  shall  take  pleasure  Id  Tecomm ending  it  to  the 
Hudenu  of  Trinity  College."—' H.  B.  AndCRSoK,  M.D.,  Prn/fisor  of  Palkuliigy  and  Bac- 
feriologvt  Trinity  Medital  Colifge,  Ttuvnio. 

MEIOS  ON  FEEDING  IN  INFANCY. 

Feeding  in  Early  Infancy.     By  Arthur  V.  Meigs,  M.D.     Bound 

in  limp  cloth,  flush  edges,  25  cents  net, 

"Tills  pamphlet  15  worth  many  limea  OTer  Us  price  to  [he  physician.  The  aulhor'* 
cxperimenis  and  cunclusioiu  ftie  original,  aiid  hare  been  the  means  of  doing  much  good.''— 
Medital  Bullelin. 

MOORE'S  ORTHOPEDIC  SURGERY. 

A  Manual  of  Orthopedic  Surgery.  By  James  E.  Moore,  M.D., 
Professor  of  Orthofiedics  and  Adjunct  Professor  of  Clinical  Surgery, 
University  of  Minnesota,  College  of  Medicine  and  Surgery.  Octavo 
volume  of  356  [ages,  handsomely  illustrated.      Cloth,  %2-%<i  net, 

'■  A  most  nllractive  work.  The  iliuslnillons  and  the  eaie  with  which  the  book  is  adn^ited 
lo  Ihe  wanis  of  the  genemi  practiliuner  and  the  student  are  worth)  of  great  pnise.'' — iJhica^o 

Mcdital  KliCirdcr. 

"  A  very  demonslrativc  work,  euery  illuslralion  of  which  conveys  a  lesion.  The  work  is 
A  most  excellent  and  commendable  one.  which  we  can  certatnly  endorse  with  plca-sure." — 
Si.  LoHii  Medical  and  Sw^cai  Journal, 

MORRIS'S  MATERIA  MEDICA  AND  THERAPEUTICS.  Fifth 
Edition,  Revised. 
Essentials  of  Materia  Medica,  Therapeutics,  and  Prescription- 
Writing.  By  Henrv  Morris,  M.D.,  late  Deiiioiistrator  of  Thera- 
peutics. Jefferson  Medical  College,  Philadelphia ;  Fellow  of  the  College 
of  Physicians,  Philadelphia,  etc.  Crown  octavo,  288  pages.  Cloth, 
fi.oo;  interleaved  for  notes,  Ji.as. 

[See  Saunders'  QMitisn-Compends,  page  11.] 

"  This  work,  already  excellent  in  Ihe  old  edition,  his  been  taigely  improved  by  tcrj. 
»k>n." — Amtrican  Pradiintner  and  Nrait. 

MORRIS.  WOLFF.  AND  POWELLS   PRACTICE  OF   MEDICINE. 

Third  Edition.  Revised. 
Essentials  of  the  Practice  of  Medicine.  By  Henry  Morris,  M.D,, 
late  Demonstrator  of  Therapeutics,  Jefferson  Medical  College,  Phila- 
delphia ;  with  an  Ap[>endix  on  the  Clinical  and  Microscopic  Examina- 
tion of  Urine,  by  Lawrence  WoLtF,  M.D. ,  Demonstrator  of  Chemistry, 
Jefferson  Medical  College,  Philadelphia.  Enlarged  by  some  300  essen- 
tial formula:  collected  and  arranged  by  Wiluah  M,  PowEtX,  M.D. 
Post-octavo,  488  pages.     Cloth,  fi.oo, 

[See  SaunJers'  Question- Comptnds,  page  ai.] 

"  The  teaching  is  sound ,  Ihe  presenUIion  graphic  ;  nutter  full  ai  can  be  desired,  nud 
Myle  Utrsctive." — American  fraclilwnrr  amd  JVruu. 
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MORTEN'S  NURSE'S  DICTIONARY. 

Nurse's  Dictionary  of  JVIedical  Terms  and  Nursing  Treat- 
ment. Containing  Definitions  of  the  Principal  Medical  and  Nursing 
Terms  and  Ahbreviations;  of  llie  Instruments,  Drugs,  Diseases,  Acci- 
dents, Treatments,  Operations,  Foods,  Appliances,  etc.  encountered 
in  the  ward  or  in  the  sick-rooni.  By  Honnor  Moftf.N,  author  of 
"  How  to  Become  a  Nuree,"  etc.     i6mo,  140  pages.      Cloth,  gi.oo. 

"  A  linndy,  compsci  litlli  volume,  containing  a  lai^e  amount  of  genera!  informalion,  all 
of  which  is  arranged  in  dicfionary  or  encyclopedic  form,  thus  faciiitaiing  quick  refettnce. 
It  is  cettaiulj-  of  value  to  those  for  whose  use  it  is  [lublishcd. " — C'Aii-aj;o  Cltnkat  Hfvimi. 

NANCREDE'S  ANATOMY.     Sixth  Edition,  Thoroughly  Revised. 

Essentials  of  Anatomy,  including  the  Anatomy  of  the  Viscera. 
By  Charles  li.  Namckecje,  M.D.,  I.L.I)..  Professor  of  Surgerv  and 
of  Clinical  Surgery  in  the  University  of  Michigan,  Ann  Arbor,  Crown 
octavo,  4JO  pxiges ;  151  illnstralions.  Based  upon  Gray's  Anatomy. 
Cloth,  Ji-oo  net ;  interleaved  for  notes,  ^1-25  net. 

[See  Saunders'  Question- Compemh,  page  ai.] 

"For  se1f-<]Uiz/iiig  and  keeping  fresh  in  mind  the  knowledge  of  anatomy  gained  at 
fchool,  it  would  Dol  be  easy  to  sjieaE  of  it  in  terms  loo  favorable." — Amn-ican  Pruitilionit . 

NANCREDE'S  ANATOMY  AND  DISSECTION.     Fourth  Edition, 
Essentials  of  Anatomy  and    Manual  of   Practical    Dissection. 

By  CtiAKI.R^>  ti.  Nanckkdk,  M.  D.,  L,I..  1 ).,  Crofcssor  of  SutK<-'ry  and  of 
Clinical  Surgery,  Univer.sity  of  Michigan,  Ann  Arbor,  I'osi-octavo ; 
500  pages,  wilh  full-page  lithographic  plates  in  colors,  and  nearly  200 
illustrations.     Extra  Cloth  (or  Oilcloth  for  dissection -room),  %i.aa  net. 

"  It  mny  in  many  respects  be  considered  an  e|iitome  of  Gray's  popular  work  on  geneni 
snatomy,  at  the  sime  time  having  some  liisliiigui.^hing  characlcrislics  ol  its  own  to  commend 
iL  The  plates  are  of  more  Llian  ordinary  excellence,  and  are  of  especial  value  to  siudenta 
ID  tlieir  work  in  the  diuecling  room." — -JauiiKii  of  fit  .fmen'ian  Mti/ical  AsiadoHeH. 

NORRIS'S  SYLLABUS  OF  OBSTETRICS.    Third  Edition,  Revised. 

Syllabus  of  Obstetrical  Lectures  In  the  Medical  Department 
of  the  University  of  Pennsylvania.  By  Rickakc  C.  Ndrris, 
A.M.,  M.D.,  Demonstrator  of  Obstetrics,  University  of  Pennsylvania. 
Crown  octavo,  22a  pages.      Cloth,  interleaved  for  notes,  Jz.oo  net. 

"This  work  is  so  far  superior  lo  others  on  the  same  subject  that  we  take  pleasnrc  in 
Calling  atTenlinn  briefly  lo  its  evcellent  features.  It  covers  the  subject  Iboroughly,  and  will 
prove  invaluable  both  lo  the  student  and  the  practitioner." — Medkat  Ktiord,  New  York. 

PENROSE'S  DISEASES  OF  WOMEN.     Second  Edition,  Revised. 

A  Text-Book  of  Diseases  of  Women.  By  Charles  B.  Penrose, 
M.D.,  Ph.D.,  Professor  of  Gynecology  in  the  University  of  Pennsyl- 
vania; Surgeon  to  the  Gynecean  Hospital,  Philadelphia.  Octavo 
volume  of  529  pages,  handsomely  illustrated.     Cloth,  (I3-S0  net. 

"1  shall  value  very  highly  the  copy  of  PL-nrow's  'Diseases  of  Women'  received. 
I  have  already  recommcndal  it  in  my  cinss  as  THE  BEST  book," — Howard  A.  KellV, 
Proftssor  0/  Cyntcology  aad  Obslflriis,  Jokm  Hepkiia  Univtnily,  Batlimoi  e,  Md. 

"  The  bonk  is  to  be  commended  without  reserve,  nol  only  to  the  student  bnt  lo  the 
^ncral  practitioner  wlio  wishes  lo  have  ibe  latest  and  best  modes  of  irealment  eiplained 
with  absolute  clearness."  —  Therapiulit  CuiflU. 
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POWELL'S  DISEASES  OP  CHILDREN.     Second  Et:ition. 

Essentials  of  Diseases  ol  Children,  by  William  M.  Powell, 
M.D.,  Atic-nding  i'liysician  lo  the  Mercer  House  for  Invalid  Women 
at  Atlantic  City,  N.  j.  ;  late  Physician  to  the  Clinic  for  the  Diseases  of 
Children  in  [he  Hospital  of  the  University  of  Pennsylvania.  Crown 
octavo,  222  pages.  Cloth,  $t.oo;  interleaved  for  Dotes,  $1-35. 
[See  Saunders'  Question-Cempemis,  page  21.] 

"  Contains  the  gist  of  sll  the  best  wotks  in  (he  deparnnent  to  which  it  rekles."— 
American  Practilientr  and  Nruis. 

PRINOLE'S  SKIN  DISEASES  AND  SYPHILITIC  AFFECTIONS. 
Pictorial  Atlas  of  Skin  Diseases  and  Syphilitic  Affections 
(American  Edition).  Translation  from  the  French.  Edited  by 
J.  J.  Prikgle,  M.B,,  F.R.C.P.,  Assistant  Ph)-sician  to  the  Middlesex 
Hospital,  London.  Photo-lithtxihromes  from  the  famous  models  in 
the  Museum  of  the  Saint-Louis  Hospital,  Paris,  with  explanatory  wood- 
cuts and  text.  In  11  Parts.  Price  per  Part,  S3. 00.  Complete  in 
one  volume.  Half  Morocco  binding,  J40.00  net. 

"I  strongly  recomincnd  tliis  Ail>s  The  plates  are  eiceeilingiy  well  exccotcd,  and 
will  lie  of  greBl  value  to  all  studying  (icnnatology. " — STEPHEN  MacKKNZIE,  M.D, 

"The  introduction  of  ciplanatory  wood  cot*  in  the  tcit  is  A  novel  and  most  important 
feature  which  greatly  furthers  the  easier  understanding  of  the  excellent  plates,  than  which 
nothing,  we  venture  to  say.  has  hcen  seen  better  in  point  of  correctneii,  tboiuty,  and  general 
merit." — Nne  York  MtJi<al Jaufnel. 

PRYOR— PELVIC  INFLAMMATIONS. 

The  Treatment  of   Pelvic  Inflammations  through  the  Vagina. 

By  W.  R.  Pkvor,  M.D.,  Professor  of  Gynecology  in  New  York  I'oly- 
dinic.      i2mo,  348  pages,  handsomely  illustrated.     Cloth,  %t.aQ  net. 

"This  subject,  which  ha^  tecenlly  been  so  ihoiouglily  canva»sed  in  high  gynecological 
ciicies,  is  made  available  in  this  volume  to  the  fieneral  ptaeliliooct  ami  st^dcnl.  Noihuig  is 
loo  miiiuEe  for  mention  andmfihmpi.^  taiten  for  granlcfl ;  consct^ucnily  itie  bonk  i^  of  the  uimn^t 
value.    Tlie  illu-.lraLioiis  and  the  Icchuiijuc arc  beyond  criticism."^  t«i.ty.>  ilidt<ai  A'/^otiiir. 

PVE'S  BANDAQINQ. 

Elementary  Bandaging  and  Surgical  Dressing.  With  Direc- 
tions concerning  the  Immediate  Treatment  of  Cases  of  Emergency, 
For  the  use  of  Dressere  and  Nurses.  By  Walter  Pve,  F.R.C.S.,  late 
Surgeon  to  St.  Mary's  Hospital,  London.  Small  lamo,  with  over  80 
illustrations.      Cloth,  flexil>le  covers,  75  cents  net, 

•■The  directions  we  clear  and  the  ittustrations  arc  good." — Lendon  Lanett. 
••The  author  urilei  well,  the  diagrBms  are  clear,  and  the  book  itself  is  small  and  port. 
able,  although  the  paper  and  type  are  gowl." — Bri/isA  MttHial  Journal. 

RAYMOND'S  PHYSIOLOGY. 

A  Manual  of  Physiology.  By  Joseph  H.  Raymond,  A.M.,  M.D., 
Professor  of  Physiology  and  Hygiene  and  Lecturer  on  Gynecology  in 
the  Ix»ng  Island  College  Hospital  :  Director  of  Physiology  in  the 
Hoagland  Laboratory,  etc.  382  pages,  with  loi  illustrations  in  the 
text,  and  4  full-page  colored  plates.     Cloth,  ^1.25  net. 

"  Extremely  well  gotten  up,  and  the  illustraliomi  hove  heen  aelected  with  eat*  Tlrf 
text  ii  fully  abreast  with  inoilem  physinlugy." — Brilhk  Mfdital  Jaumml. 


Saunders' 
Question 
compends 


Arranged  in  Question  and 
Answer  Form. 

'pHE  MOST  COMPLETE  AND  BEST 
ILLUSTRATED  SERJES  OF 

CXJMPENDS  EVER  ISSUED. 


Now  the  Standard  Authorities  in  Medical  Literature  .... 

with  Students  and  Practilionen  in  every  City  of  the  Unhtd  Statfs  and  Canaii. 


OVER  175,000  COPIES  SOLD. 


THE  REASON  WHY. 

Tliey  are  ihe  advance  guard  or  "Sludent's  Helps" — that  DO  HRLP.  Til ey  ate  the 
leadeis  in  Iheir  special  line,  well  and  nuthorilaiircly  wrillen  hy  able  men,  who,  as  leacheii  in 
Ihe  large  colleges,  know  ejiaclly  wliiu  is  wanted  by  a  sLudenI  preparing  for  his  exominalion^- 
Tlie  judgment  exercised  in  tbe  selection  of  authors  ii  fully  demonslialed  by  iheir  professional 
standing.  Chosen  from  ibe  ranks  of  Demon.ilialors.  Quii-m osiers,  BDd  Assistants,  most  of 
Iheia  have  bocome  Professors  and  Ij;clurers  in  ibeir  respective  colleges. 

Each  book  U  of  convenient  siie  (5x7  indies) ,  containing  on  an  average  250  pages, 
profusely  ilLustraled,  and  elegantly  printed  in  cleai,  I'eadable  lype,  on  Hne  paper. 

The  entire  series,  numbering  twenty- three  volumes,  has  been  kept  thornuebly  revised 
and  enlaigtd  when  necessary,  mimy  of  (he  books  being  in  their  tiflb  and  sixth  cditioits. 

TO  SUM  UP. 

Allhougb  there  are  numerous  other  Quizzes.  Manuals.  Aids,  etc.  in  the  market,  none  of 
them  approach  [he  "  Blue  Series  of  Question  Cbmpends  ;"  and  the  claim  i»  made  for  the 
following  points  of  excellence  : 

t.    Professional  distinction  and  reputation  of  vuthors. 
2,     Conciseness,  clearness,  and  soundness  of  Ireatment- 
3-    Quality  of  illustrations,  pa|Ter,  priming,  aud  binding. 
Any  cf  these  Compends  will  be   tniiled  on  receipt  of  pric«  Isti  next  pige  tot  Llit]. 


1. 


Saunders'  Question-Compend  Series. 

McCf  Cloth,  $1^  per  copy,  except  when  otbcrwiEe  noted. 

"Wh«rc  the  work  of  preparing:  viudcnu'  nianunli  is  to  enJ  we  catitioi  siy.  but  the 
Smndcrs  Sctifs,  in  our  OfiiDioii,  beajt  ott  Ihc  palio  ai  pmtrnl."— iUnb  }'of-i  Mfdicai  J^^£onL 
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67  H.  A.   Hare.  M.D.    Fuuttli  edition, 
Siilh  edition, 

Sixdi 


ESSENTIALS  OF  PHVSIOUKIV. 

revised  and  enlnrged.      (Sl.oo  neL) 

ESSENTIALS  OF  SURGERY.     By  Edward  Martin,  M.D. 

leTisecJ,  with  an  Apj^fldix  on  Antj:»ep(ic  Surgery. 

ESSENTIALS   OF   ANATOMY.      By  Charier   B.   Nancrede,  M.D. 

tdnuJn.  llumHi^hlv  revised  aii'l  eliWgcl.      iSl.oo  neL) 

ESSENTIALSOFMEDICALCHEMISTRY,  ORGANIC  AND  INORGANIC. 

iw  Lawhisck  \V(ii.i--k,  M.Ii.      Kiflh  ediliou,  revtied.     (fi.oo  nel.) 

ESSENTIALS  OF  OBSTETRICS.     By  W.  Eastbrlv  .\shton,  M.D.     Fourth 

edilion,  revised  nnd  tiiiarged. 

ESSENTIALS  OF  PATHOLOOY  AND  MORBID  ANATOMY.    By  C.  E. 

ARMAND  fJEMl'LE,   M.D. 

ESSENTIALS  OF  MATERIA  MEOICA,  THERAPEUTICS,  AND  PRC 

SCRIPTION-WRITING.    By  Ulnry  Morris.  M.D.       Fifth  edition,  reriscd. 

9.   ESSENTIALS  OF  PRACTICE  OF  MEDICINE.     By  Henry  Morris, 

M.D.  An  Ap]wiidii  on  L'rine  Examination,  By  Lawrence  Wolfi',  M.D. 
Third  edition,  enlirged  by  some  300  Essenlisl  Fonnulu:.  selected  (Tom  emincDt 
auihoiities,  by  \Vm,  M.  Powell,  M.D.     (Double  number,  fz.oo.) 

ESSENTIALS  OF  GYNECOLOGY.      By  Edwin  B.  Cuagin,  M.D.      Fourth 

edilion,  revised, 

ESSENTIALS  OF  DISEASES  OF  THE  SKIN.    By  Henrv  W.  Strlwagon, 

M.D.      Fourth  tiliiioii,  revised  and  enlarged.      (Sl.oo  net.) 

ESSENTIALS  OF  MINOR  SURGERY,  BANDAGING,  AND  VENEREAL 
DISEASES.     By  Edward  Martin,  M.D.    Second  ed..  revised  and  enlarged. 

ESSENTIALS  OF  LEGAL  MEDICINE,  TOXICOLOGY.  AND  HYGIENE. 

By  C,  E.  Armand  Semi'Le,  M.D. 

ESSENTIALS  OP  DISEASES  OF  THE  EYE.  NOSE.  AND  THROAT. 

By  Edward  Jackson,  M.D.,  and  E.  B.  Gleason,  M.D,     Second  ed.,  revised. 

ESSENTIALS  OF  DISEASES  OF  CHILDREN.     By  Williak  M.  Powell, 
M.D.     Second  edition. 

ESSENTIALS  OF   EXAMINATION  OF  URINE.    By  Lawsekcb  Wour, 

ByS.  SOLisCoHEN,M.D.,andA.  A.  Esrhes, 


ESSENTIALS  OF  DIAGNOSIS. 

M.D,     ((1.50  nel.) 

ESSENTIALS  OF  PRACTICE  OF  PHARMACY. 

Second  edition,  revised  and  enlnrged. 

ESSENTIALS  OF  BACTERIOLOGY.     By  M.  V.  Ball,  M.D. 
ESSENTIALS  OF  NERVOUS  DISEASES  AND  INSANITY. 

Shaw,  M.D.      Tliiid  c.lilion,  revisid. 

ESSENTIALS  OP   MEDICAL  PHYSICS.      By   FUP  J.    Brockwav,   U.O. 

Second  edilion,  revised,      (fi.oonet, ) 

ESSENTIALS  OF  MEDICAL  ELECTRICITY.   BrDAViDD.STKWAiT,M.D., 

unil  KOWAKI'S.  L.VWNANCE,  M.l». 

ESSENTIALS  OF  DISEASES  OF  THE  EAR.     B7  E.  B.  GuuaoH,  U.D. 

Second  edition,  revised  and  greatly  enlarged. 


By  Lucius  E.   Savkk. 
Third  edition. 
By  John  C 


Pamphlet  cootainloE  specimen  page*,  etc  lent  free  upon  appllulloa. 


Saunders' 
New  Series 
of  Manuals 


for  Students 
and 
Practitioners. 


""  I  'riAT  there  ezisti  a  need  for  thoroughly  reliable  haod-bookB  on  the  leadtng  branches 
of  Medicine  and  Surgery  is  a  fact  amply  demonstrated  by  the  favor  with  which 
tiie  SAUNDERS  NEW  SERIES  OF  MANUALS  have  been  received  by  medical 
itudents  and  practitioners  and  by  the  Medical  Press.  These  manuals  are  not  merely 
condensations  from  present  literature,  but  are  ably  written  by  well-known  authors 
and  pracli tinners,  mod  of  them  being  teachers  in  representative  American  coUeces. 
Each  volume  is  concisely  and  authoritatively  ivritten  and  exhaustive  in  detail,  'without 
being  encumbered  'with  the  introduction  of  "cases,"  'which  so  largely  expand  the 
ordinary  text-book.  These  manuals  will  therefore  form  an  admirable  collection  of 
advanced  lectures,  useful  alike  to  the  medical  student  and  the  practitioner:  to  t^ 
Utter,  too  busy  to  search  through  page  after  page  of  elaborate  treatises  for  what  he 
vnnts  to  know,  ttiey  will  prove  of  inestimable  value  ;  to  the  former  they  will  afford 
safe  guides  to  the  essential  points  ol  study. 

The  SAUNDERS  NEW  SERIES  OF  MANUALS  are  conceded  to  be  superior 
to  any  similar  books  now  on  the  market.  No  other  manuals  afford  so  much  infor- 
mation in  such  a  concise  and  available  form.  A  liberal  expenditure  has  enabled  the 
publisher  to  render  the  mechanical  portion  of  the  work  worthy  of  the  high  literary 
riandard  attained  by  these  books. 

Any  of  these  Manuali  will  be  mailed  on  receipt  ol  price  (see  next  page  for  LW). 


Saunders'  New  Series  of  Manuals. 


VOLUMES  PUBLISHED. 

PMVSIOLOQV.     By  Joseph  Howard  Raymond,  A.M.,  M.D.,  Professor  of  Physiology 

and  H^iene  and  Lecturer  on  Gynecology  in  (he  Long  Island  College  Hospitikl; 
Utreourof  I'hysiology  in  the  Hoagland  Laboralory,  etc.    lllustraled.    Cloth,  81.25  net. 

SUROERY,  Oeneral  and  Operative.  By  John  Chalmkrs  DaCusta,  M.D.,  Clini- 
cal Frufcasor  of  burgery,  JclTerson  Medical  College,  Fhiladeljihia ;  liurgeon  to  the 
Philadelphia  Hospital,  etc.  Second  edition,  thoroughly  revised  and  greatly  enlarged. 
Ocravo,  911  pagn,  (irofusely  illustraled.      Cloth,  (4.00  net ;   Half  Monscco,  S5.00  net. 

DOSB-BOOK    AND   MANUAL  OP   PRBSCRIPTION-WRITINQ.     By  E.   Q. 

Thornton,  M.D.,  Uemonslraior  of  Therapeutics,  Jefferson  Medical  Collq^e,  Phila. 
delphia.     Illiumted.     Ctoih,  ti.35  net. 

SURGICAL  ASEPSIS.  ByCARi.  Beck,  M.D.,  Surgeon  to  St.  Mark's  Hospital  and 
to  the  New  York  Uermati  Poliklinik,  etc.      Illustrated.      Cloth,  (1.25  neL 

MEDICAL  JURISPRUDENCE.  By  Hknrv  C.  Chapman.  M.D,  Professor  of  Insti- 
tutes of  Medicine  and  Medical  Jurisprudence  in  the  Jelt'er»in  Medical  College  of  I'liila- 
delphJA.     Illustrated.     Cloth,  tl.jo  neL 

SYPHILIS  AND  THE  VENEREAL  DISEASES.  By  James  Nevins  Hvtie,  M.D., 
Professor  of  Skin  and  Venereal  Di^ieases,  and  Frank  II.  Montcomkrv,  M.  U., 
Lecturer  on  Uennatology  and  Genilo- Urinary  Diseases  in  Rush  Medical  College, 
Chicago.     Profusely  illustrated.     Cloth,  $2.$o  net. 

PRACTICE  OF  MEDICINE.      By   George   Roe   I,ockwood,   M.D..   Professor  of 

Practice  in  the  Woman  5  Medical  College  of  the  New  York  Inlirmaryi  Instrucic;r  in 
Physicnl  Diagnosis  in  the  Medical  Department  of  Columbia  College,  etc  Illustraiird. 
Cloth.  S2.5oneI. 

MANUAL  OF  ANATOMY.     By  iRViNn   S.  Havnes,   M  D.,   Adjunct  Professor  of 

Anatomy  and  Demor.strator  of  Anatomy,  Medical  Department  of  the  New  Viwk 
University,  etc.     Beaulirully  illustrated.     Cloth,  tz.jo  net 

MANUAL  OF  OBSTETRICS.  By  \V.  A.  Newmas  Dorland,  M.D.,  Assistant 
Demonstrator  of  Obstetrics,  University  of  I'ennsylvania  ;  Chief  of  Gynecnlogical  Dis- 
pensary. Pennsylvania  Hospital,  etc.     Profusely  illustrated.     Clolh,  (2.  JO  net. 

DISEASES  OF  WOMEN.  By  J,  Blask  Sutton,  F.  R.  C.  S.,  A-^istani  Surpeon  to 
Middlesex  Hospital  and  Sui^eon  to  Clielsea  lltKpital,  Ixindon:  and  AKTHtiR  E. 
Giles,  M.D.,  B.Sc.  l^ml.,  K.K.C.S,  Edin.,  As-isiant  Surgeon  to  Chelsea  Hospital, 
LoodOD.     llandsoioely  illusliated.     Cloth.  ^2.50  net. 


VOLUBffiS  IN  PREPARATION. 

NERVOUS  DISEASES.     By  Ckarlf.s  \V.  Btmn.  M.D..  Clinical  l^ofessor  of  Nervotn 

Diseases,  Medico  Chirurgical  College.  Philadelphia;  Pathologist  to  the  Onh(ip»lie 
Hospital  and  Inlirmary  lor  Nervous  Disea^^es;  Visiting  Physician  to  the  SC  Joseph 
llospical,  etc- 

*•*  Tbere  will  be  publlihtd  tn  tht  aame  itrlcH.  at  ihort  InltrvaU.  cartful ly-^reparcd  works 
on  various  lubjecli  by  prommeni  ipttialiiti. 


Pamphlet  contiiaLiff  ttccinun  nfOt  etc  Moi  £nc  upon  ippIic&tioDB 


S4  Medical  PabUcatioua  of  W.  B.  Saanders. 

SAUNDBVS  RENAL  AND  URINARY  DISEASES. 

Lectans  on  Renal  and  Urinary  DUeaao.  By  Vsiiaaa  Savhdby, 
M.D.  Edin.,  Fellow  of  tlie  Royal  Collie  of  Kiysicians,  Ix>nd(»i,uid 
of  the  Royal  Medico-Cbirurgical  Society ;  I%ysician  to  the  G«ieial 
Hospital ;  Consulting  Phyadan  to  the  Eye  Hospital  uid  to  the  Hos- 
pital for  Diseases  of  Women ;  Profesor  of  Medicine  in  Hason  CoDqe, 
Btnningfaam,  etc.  Octavo  volume  of  434  pages,  with  numeraos  illu- 
tradons  aod  4  colored  plates.    Cloth,  13-50  net. 

"  Tlie  *o1nn>e  nakct  «  hrwable  iin[aeisoii  it  aiic&  The  tbfla  a  dear  and  anedpct. 
We  caDQOt  God  anf  pan  of  tbe  sab)ect  in  wbich  Ibe  viewi  exprcMed  aic  not  carcftllj  Ihoa^ 
out  and  fcitifiedb7eTJdeiicednini  from  the  iiMit  recent  loarces.  Tbe  book  b^  be  ondiallf 
■BODOlDKDded." — Britiih  Mtdital  Jaurmal. 

5AUNDERS*  MEDICAL  HAND-ATLA5E5. 

This  series  of  books  consists  of  authorized  translations  into  Ei^lid  of 
tbe  world-famous  Lehmano  Medldniscbe  Handatlanten.  Each 
volume  contains  from  50  to  100  colored  lithogia[diic  plates,  besides 
numerous  illustrations  in  the  text.  There  is  a  full  description  of  eadi 
plate,  and  each  book  contains  a  condensed  but  adequate  outline  of  the 
subject  to  which  it  is  devoted.  For  fidl  description  of  this  series,  with 
list  of  volumes  and  prices,  see  page  3. 

■■  Lehmann  Medidoiichc  Handitlanten  belong  lo  tbU  cla«>  of  booka  tbat  aie  *aa  gatd 
lobe  approptiated  bj  an7  one  nalion." — Jimmai^ Eye,  Bar,  anil  Throat  Diitasa, 

"  The  ■ppearance  of  thete  wnrki  marki  a  new  oa  in  illiatrated  PjigH«li  medical 
worka." — Tki  Canadian  Fraitilianer. 

5AUNDER5'  POCKET  MEDICAL  FORMULARY.     Fifth  Bditia^ 

Revised. 

By  William  M.  Powell,  M.D.,  Attending  Physician  to  the  Mercer 
House  for  Invalid  Women  at  Atlantic  City,  N.  J.  Containing  1800 
fonnulfe  selected  from  the  best-known  authorities.  With  an  Appen- 
dix containing  Posological  Table,  Formulje  and  Doses  for  Hypo- 
demiic  Medication.  Poison^  and  their  Antidotes,  Diameters  of  the 
Female  Pelvis  and  Foetal  Head,  Obstetrical  Table,  Diet  List  for  Various 
Diseases,  Materials  and  Drags  used  in  Antiseptic  Surgery,  Treatment 
of  Asphyxia  from  Drowning,  Surgical  Remembrancer,  Tables  of 
Incompatibles,  Eruptive  Fevers,  Weights  and  Measures,  etc.  Hand- 
somely bound  in  flexible  morocco,  with  side  index,  wallet,  and  flap. 
*i-7Snet. 

"  This  Hllle  book,  thnt  can  be  conTenienlly  earned  in  the  pocket,  contains  an  immense 
■mount  of  malerial.  It  is  very  useful,  and.  as  (he  name  of  ibe  author  of  each  ptescription 
is  given,  is  utiususJIy  reliable." — Medical  Ktcerd,  New  York. 

SAYRE'S  PHARMACY.     Second  Edition,  Revised. 

Essentials  of  the  Practice  of  Pliarmacy.  By  Luaus  E.  Satre, 
M.  D. ,  Professor  of  Pharmacy  and  Materia  Medica  in  the  University  of 
Kansas.  Crown  octavo,  zoo  pages.  Cloth,  |i, 00;  interleaved  for 
notes,  {1.25. 

[See  Saunders'  Question- Compends,  page  sr.] 

"  The  topics  are  treated  in  a  simple,  practical  manner,  and  tbe  work  fonns  a  very  osefbl 

•tndent's  manual," — Boitim  Medical  and  Surgical  Journal. 
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SEMPLE'S  LEGAL  MEDICINE.  TOXICOLOGY.  AND  HYGIENE. 

Essentials  of   Legal   Medicine,  Toxicology,  and  Hygiene.     By 

C.  E.  Armand  Semple,  U.A.,  M.  B.  Caniab.,  M.  R.  C.  P.  Lond., 
Physician  to  the  Northeastern  Hospital  for  Children,  Hackney,  etc. 
Crown  octavo,  112  pages;  130  illustrations.  Cloth,  gi. 00;  interleaved 
for  notes,  $1.25- 

[See  Saunders'  Question- Compends,  page  21.] 

"  No  general  praclilionci  or  sludenl  con  afford  to  be  williout  ihis  valuable  work.  TUc 
ful^ecls  are  dealt  with  by  >  masteily  hand." — L<Mdim  HespUal  CaaetU. 

SEMPLES  PATHOLOGY  AND  MORBID  ANATOMY. 

Essentials    of    Pathology    and    Morbid    Anatomy.      By  C.   E. 

Armand  Semfle,  B.A.,  M.B,  Cantab.,  M.R.C.P.  Lond..  Physician  to 
the  Northeastern  Hospital  for  Children,  Hackney,  etc.     Crown  octavo. 
174  pages;  illustrated.      Cloih,fi.oo;  interleaved  for  notes,  Ji. 35. 
[See  Sautuiers'  Question- Compeiuis,  page  21.] 

"  Should  lake  its  place  auiong  the  slandaid  lolumes  on  the  bookshelf  uf  both  sludcnl 
and  practilinner." — LundoH  Hosfilal  Goietti. 

SENNS  GENITO-URINARY  TUBERCULOSIS. 

Tuberculosis  of  the  Oenito-Urinary  Organs,  Male  and  Female. 

By  NiCHoL.vs  Senn,  M.D.,  Ph.D.,  LL.D.,  Professor  of  the  Practice  of 
Surgery  and  of  Clinical  Surgery,  Rush  Medical  College,  Chicago. 
Handsome  octavo  volume  of  320  pages,  illustrated.     Cloth,  ^3.00  net. 

"  An  important  book  upon  an  important  su)iject.  ami  written  tiy  a  man  of  mature  jodg. 
ment  and  wide  experience.  1*he  author  bas  given  us  on  iustiuctive  book  upon  one  of  the 
most  imporiBM  suhJFcls  of  ihe  day." — Clinkiil  Rrperltr. 

"  A  work  which  utdi  another  to  the  many  obligations  the  profession  own  the  talented 
author." — Chica^  Mrdical  Rtierdtr. 

SENN'S  SYLLABUS  OF  SURGERY. 

A  Syllabus  of  Lectures  on  the  Practice  of  Surgery,  arranged 
in  conformity  with  "  An  American  Text-Book  of  Surgery."    By 

Nicholas  Senn,  M.D..  Ph.D.,  Profaesor  of  the  Practice  of  Surgery  and 
of  Clinical  Surgery  in  Rush  Medical  College,  Chicago.     Cloth,  Ji.oo. 

"This  syllabus  will  be  fouod  of  service  by  the  teacher  Bi  well  u  ibe  Mudenl.  the  work 
being  superbly  done.  There  is  no  praise  too  high  lor  it.  No  surgeon  should  be  without 
h." — AVw  Verk  Mtdital  Timts. 

SENN'S  TUMORS. 

Pathology  and  Surgical  Treatment  of  Tumors.  By  N.  Senk, 
M.D,,  Ph.D.,  LL.D.,  Professor  of  Surgery  and  of  Clinical  Surgery, 
Rush  Medical  College ;  Profes.sor  of  Surgery,  Chicago  Polyclinic ; 
Attending  Surgeon  to  Presbyterian  Hospital ;  Surgeon -in- Chief,  St. 
Joseph's  Hospital.  Chicago.  Octavo  volume  of  710  pages,  with  515 
engravings,  including  full-page  colored  plates,  New  and  Revised  Edi- 
tion in  Preparation. 

"  The  most  eiliauslivc  of  any  ment  liook  in  Ergii'h  on  this  sul^ect.  It  is  well  illua- 
lIDleil.  and  will  dmiliiless  remain  as  ilie  primipul  in'.^iiu^^ph  mi  the  suli|ri.-t  in  our  language 
Cor  siiine  years.  Ihe  Ixiok  is  handsiimely  illiutialcU  ami  printed,  ami  the  aiitlior  hat  ^ntn  * 
notable  and  lasting  contribution  to  w»r%vri."^Jimmal  of  Iht  Ameriea»  Mrdifal  Aisoiiatia». 
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SHAW'S  NERVOUS  DISEASES  AND  INSANITV.    Thim  Bdltka, 
Revlflcd. 
Essentials  at  Nervous  Diseases  and  iDsanlty.    By  Jobh  C 

Shaw,  M.D.,  Clinical  Prafesur  of  Diieases  of  the  Mind  and  NenroDS 
System,  Long  Island  College  Hospital  Medical  School;  Coosaltiiig 
Neurologist  to  St.  Catherine's  Hospital  and  to  the  Long  Island  Collie 
Hospital.  Crown  octavo,  i86  pages;  48  original  illustiatunis.  Cloth, 
tJ.oo;  interleaved  for  notes,  $1-3$. 

[See  Saumders'  QuesHctt-Qmpends,  page  ai.] 

*■  Cleartf  uid  mtelUgeDtly  written. " — Boston  Mtdital  and  Surreal  JoMntaL 
"  There  u  >  bum  of  Talnable  material  crowded  into  tfaia  snail  "■"{■—*  " — ^— j-~— 
ibJieo-Stirguai  BttUttm. 

STARR'S  DIETS  FOR  INFANTS  AND  CHIUH^N. 

Diets  for  infants  and  Children  In  Health  and  In  Disease.    By 

Louis  Stasr,  M.D.,  Editor  of  "An  American  Text-Book  of  the 
Dueaaei  of  Children."  330  blanlcs  (pocket-boolc  size),  perfmated 
and  neatly  boond  hi  flexible  morocco,     f  1.35  neL 

The  Gnt  leriei  of  blanb  are  prepared  for  die  fint  icTen  months  i^  hiGntt  life ;  cad 
blank  indicate!  the  ingredienU,  bat  not  the  (joantitiea,  of  the  food,  the  latter  jtin-rtii...  bcnif 
kit  lor  the  phjrticiaD.  After  the  leventh  month,  modificalioiu  being  Icm  necessaiy,  Ibe  diet 
Hui  are  priated  in  fnU.     FotmnkE  for  tho  pr^anlion  of  dilnenti  and  fcoda  aire  ami  mil  il 

CTELWAOON'S  DISEASES  OP  THE  SKIN.     Fourth  Ed.,  Revised. 

Essentials  of  Diseases  of  the  Skin.  B7  Henry  W.  Stei.wacon, 
M.D.,  Clinical  Profesor  of  Dermatology  in  the  Jefferson  Medical 
College,  Philadelphia ;   Dermatologist  to  the  Philadelphia  Hospiul ; 

Physician  to  the  Skin  Department  of  the  Howard  Hospital,  etc. 
Crown  octavo,  276  pages;  88  illustrations.  Cloth,  ^i. 00  net ;  inter- 
leaved for  notes,  Ji-25  net. 

[See  Saunders'  Question- Compends,  page  11, J 

"  The  belt  sludcnt's  manual  on  skin  diseases  wc  have  yet  seen." — Timts  ami  Regiitrt. 

STENGEL'S  PATHOLOOV.      Second  Edition. 

A  Text-Boole  of  I^tliology.  By  Alfred  Stengel,  M.D.,  Professor 
of  Clinical  Medicine  in  the  University  of  Pennsylvania;  Physician  to 
the  Philadelphia  Hospital ;  Physician  to  the  Children's  Hospital,  etc. 
Handsome  octavo  volume  of  848  pages,  with  nearly  400  illustrations, 
many  of  them  in  colors.  Cloth,  ^4.00  net;  Half  Morocco,  ^5.00 
net. 

STEVENS'  MATERIA   MEDICA   AND   THERAPEUTICS.     Second 
Edition,  Revised. 
A  Manual  of  Materia  Medica  and  Therapeutics.      By  A.  A. 

Stevens,  A.M.,  M.D.,  Lecturer  on  Terminology  and  Instructor  in 
Physical  Diagnosis  in  the  University  of  Pennsylvania;  Professor  of 
Paihology  in  the  Woman's  Medical  College  of  Pennsylvania,      Post- 

ociavo,  445  pages.      Flexible  leather,  (2-25- 

"The  author  has  faillifully  presented  modem  therapeutics  in  ■  cotOprehensiYe  woik, 
and,  while  inlendcd  paniculnily  for  the  use  of  student!,  it  will  be  found  a  reliable  guide  ind 
Bifficienlly  comprehensive  for  the  physician  in  practice."— CSinwjifc  Mtdital  Magaitmt. 
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STEVENS'  PRACTICE  OF  MEDICINE.     Fifth  Edition,  Revised. 
A  Manual  ol  the  Practice  of  Medicine.     By  A.  A.  Stevens,  A.  M., 

M.  D.,  Lecturer  on  Terminology  and  Instructor  in  Physical  Diagnosis 
in  the  University  of  Pennsylvania;  Professor  of  Pathology  in  the 
Woman's  Medical  College  of  Pennsylvania.  Specially  intended  for 
students  preparing  for  graduation  and  hospital  examinations.  Post- 
octavo,  519  pages ;   illustrated.     Flexible  leather,  J2. 00  net. 

"The  TrequeDcy  wiib  which  new  editions  of  this  manual  are  demanded  bespeaks  its 
popularily.  It  is  an  excetlenl  condensation  of  the  eswntials  of  medical  practice  for  ihe 
sludent.  and  may  be  found  also  an  excellent  reminder  for  ihe  busy  physician." — Buffalo 
Altduat  Journal. 

STEWART'S  PHYSIOLOGY.     ThinI  Edition,  Revised. 

A  Manual  of  Physiolo^,  with  Practical  Exercises.  For 
Students  and  Practitioners.  By  G.  N.  Stewart,  MA.,  M.D., 
D.Sc,  lately  Examiner  in  Physiology,  University  of  Aberdeen,  and 
of  the  New  Museums,  Cambridge  University ;  Professor  of  Physiology 
in  the  Western  Reserve  University,  Cleveland,  Ohio.  Octavo  volume 
of  848  pages;  300  illustrations  in  the  text,  and  5  colored  plates. 
Cloth,  83.75  net. 

"  It  will  m»kc  its  way  by  ^eer  force  of  merit,  and  amply  deserves  to  do  so.  It  is  one 
of  the  very  best  English  text-books  on  the  subjecl." — London  Lanetl. 

"  Of  (he  many  text.books  of  physiolf^j  published,  we  do  nol  know  of  one  that  so 
neai-ly  comes  up  to  the  ideal  as  does  Prof,  Stewart's  volume," — Brituh  MeJical Journal. 

STEWART  AND  LAWRANCE'S  MEDICAL  ELECTRICITY. 

Essentials  ol  Medical  Electricity.  By  D,  D.  Stewart,  M,D., 
Demonstrator  of  Diseases  of  the  Nervous  System  and  Chief  of  the 
Neurological  Clinic  in  the  Jefferson  Medical  College;  and  E.  S. 
Lawrance,  M.D  ,  Chief  of  the  Electrical  Clinicand  Assistant  Demon- 
strator of  Diseases  of  the  Nervous  System  in  the  Jefferson  Medical 
College,  etc.  Crown  octavo,  158  pages;  65  illustrations.  Cloth, 
Ji,oo;  interleaved  for  notes,  /1.25. 

[See  Saunders'  Question- Compends,  page  21,] 

"  Tbrout;hout  the  whole  brief  space  at  their  command  the  authors  show  a  discriminating 
luiowledge  of  iheir  subjecl." — Midical  Nfws. 

STONEY'S  NURSING.     Second  Edition,  Revised. 

Practical  Points  in  Nursing.     For  Nurses  in  Private  Practice. 

By  Emily  A.  M.  Stoney,  Graduate  of  the  Training-School  for  Nurses, 
Lawrence,  Mass;  late  Superintendent  of  the  Training -School  fur 
Nurses,  Carney  Hospital,  South  Boston,  Mass.  456  pages,  illustrated 
with  73  engravings  in  the  text,  and  8  colored  and  half-tone  plates. 
Cloth,  $1-75  net. 

■'  There  are  few  books  intended  for  non- professional  readers  which  can  be  50  cordially 
endorsed  by  a  medical  journal  as  can  (his  one.  ^' — 'Thertipfutic  CiiuUe. 

"  This  is  a.  well-wrillen,  eminently  practical  volume,  which  covers  the  entire  range  of 
private  nuning  as  distinguished  fioni  hospital  nursing,  and  instrucis  the  nurse  how  best  10 
meet  the  variou*  emergencies  which  may  arise,  and  how  lo  prepare  everyihing  ordinarily 
needed  in  Ihe  illness  of  her  patient." — American  Journal  of  Ubslilriei  and  Distasts  of 
Womtn  and  Children. 

"  It  is  a  work  (hat  the  physician  can  place  in  the  hands  of  his  private  nurses  with  thr 
Msuranre  of  benefit." — Uhio  Medical  Journal. 
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STONEV'S   MATERIA   MEDICA   FOR  NUR5ESl 

Materia  Medica  for  Nurses.  Hy  Emtlv  A.  M.  Stoney,  Graduate  of 
the  Training-School  for  Nurses,  Lawrence.  Mass.  ;  late  Superintendent 
of  the  Training-School  for  Nurses,  Carney  Hospital,  South  Boston,  Mass. 
Handsome  octavo  volume  of  306  pages.     Cloth,  Si. 50  net. 

The  present  book  diflen  from  oilier  fiimilBr  works  in  several  fealures,  nil  of  which  are 
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ful maTtcr  not  usuallv  included  in  works  cf  this  ehaiacler.  such  as  Poison -emergencies, 
Reody  Do?c  list,  Weights  and  Measures,  etc.,  as  well  as  a  Glossary,  defining  all  (he  terms 
tised  in  Materia  Medica,  and  dtscribini;  all  the  latest  drugs  atid  remedies  which  hdve  beeo 
generaUv  neglected  hy  other  books  vf  the  kind- 

SUTTON  AND  GILES'  DISEASES  OF  WOMEN. 

Diseases  of  Women.  By  J.  Gland  Sutton,  F.R.C.S.,  Assistant 
Surgeon  to  Middlesex  Hospital,  atid  Surgeon  to  Chelsea  Hospital, 
London  ;  and  Ariir-r  E.  Giles,  M.  D.  ,  B.Sc.  Lond. ,  F.  R.C.S.  Edin., 
Assistant  Surgeon  to  Chelsea  Hospital,  London.  436  pages,  hand- 
somely illustrated.     Cloth,  Ji-jo  net. 

"The  text  baa  been  carefully  prepared.  Nothing  essen tin!  has  lieen  omilled.  und  its 
teachings  are  those  recommended  by  the  leading  aulhurities  of  the  Avj ."  —Journal of  tkt 
Amrriian  Midica!  AssaHalion. 

THOMAS'S  DIET  LISTS  AND  SICK-ROOM  DIETARY. 

Diet  Lists  and  Sicli-Room  Dietary.  liy  Jerome  R.  Thomas, 
M.D.,  Visiting  Physician  to  the  Home  for  Friendless  Women  and 
Children  and  to  the  Newsboys'  Home  ;  Assistant  Visiting  Physician 
to  the  Kings  County  Hospital.      Cloth,  $1 .50.     Send  for  sample  sheet. 

THORNTON'S  DOSE-BOOK  AND  PRESCRIPTION-WRITING. 

Dose-Book  and  Manual  of   Prescript  ion -Writing.      By   E.    Q, 

Thornton,  M.D,.  Demonstrator  of  Therapeutics,  JelTerson  Medical 
College,  Philadelphia.     334  pages,  illustrated.     Cloth,  J1.25  net. 

"  Full  of  practical  suggestions;  will  lake  its  place  in  the  ftonl  rnnk  of  works  of  ihii 
v^-^'^^AIedical  Record,  Kew  York. 

VAN  VALZAH  AND  NISBET'S  DISEASES  OF  THE  STOMACH. 
Diseases  of  the  Stomach.  By  William  W.  Van  Valzah,  M.D., 
Professor  of  General  Medicine  and  Diseases  of  the  Digestive  System 
and  the  Bluofl,  New  York  Polyclinic  ;  and  J.  Douglas  Njsbet,  M.  D.  , 
Adjunct  Professor  of  General  Medicine  and  Diseases  of  the  Digestive 
System  and  the  Blood.  New  York  Polyclinic.  Octavo  volume  of  674 
pages,  illustrated.      Cloth,  S3- 50  net. 

"  lis  chief  claim  lies  in  its  clearness  and  general  adapubilily  lo  the  practical  needs  of 
the  general  (jr.iclilioner  or  student.  In  these  relaiions  il  i.^  pmbalily  the  best  oi  the  recent 
special  works  on  diseages  of  the  slomacb." — Uiicaga  Cluneal  Hrvitw. 

VECKrS  SEXUAL  IMPOTENCE. 

The  Pathology  and  Treatment  of  Sexual  Impotence.    By  Victor 

G.  Vecki,  M  D.  From  the  second  German  edition,  revised  and  en- 
larged.    Demi-octavo,  about  300  pages.     Cloth,  ^i.oo  net. 

The  suhiect  o(  impotence  has  seldom  been  treated  in  this  country  in  llie  truly  scientife 
spirit  thai  il  deserves.  Dr.  Vecki's  work  has  lony  licen  favorably  known,  and  the  German 
bixik  has  received  the  highcil  consideration.  This  edition  is  more  tiinn  a  mere  translation, 
for,  although  based  on  the  German  edition,  it  has  been  entirely  rewritten  in  ICnglish. 
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VIERORDT'S  MEDICAL  DIAGNOSIS.  Fourth  Edition.  Revised. 
Medical  Diagnosis.  By  Dr.  Oswald  Vierordi,  Professor  of  Medi- 
cine at  the  University  of  Heidelberg.  Translated,  with  additions, 
from  the  fifth  enlarged  German  edition,  with  the  author's  permission, 
by  Fr.*ncis  H,  Stlwrt,  A,  M.,  M.  D.  Handsome  royal  octavo  volume 
of  603  pages;  194  fine  wood-cuts  in  te.xt,  many  of  them  in  colors. 
Cloth,  J4.00  net;  Sheep  or  Half  Morocco,  $5.00  net. 

"  A  treasury  of  priclical  informntion  which  will  be  found  of  daily  use  <o  eveiy  busy 
pTKliliooer  who  will  consult  ii." — C.  A.  LlNDSLEY,  M.D.,  Prajciior  0/  lit  TTuary  and 
Proitiee  of  MtdttiHt,   YaU  Lvivrrsily, 

"  Rsrcly  is  a  book  published  with  which  a  reviewer  c»n  find  »o  little  fault  as  with  the 
volume  before  ua.  Each  [lailicular  item  in  the  cousideratioQ  of  an  or^au  or  apparatus,  which 
b  nece.'^'Ary  to  determine  a  diagnosis  of  any  disease  of  that  ur^an,  i>.  mentioned ;  nothing 
seems  forgotten.  The  chapters  on  diseases  of  (he  circulatory  and  digestive  apparatus  and 
nervous  system  are  especially  full  and  vaiuable.  The  reviewer  would  repeat  that  the  book  U 
one  of  the  best — probablj  (kt  iai — which  hns  failen  into  his  hands," — Univtrsily  Medicat 
Magoime. 

WARREN'S  SURGICAL  PATHOLOOV  AND  THERAPEUTICS. 

Surgical  Pathology  and  Therapeutics.  By  John  Collins  Warren, 
M.D.,  LL.D.,  I'rofessor  of  Surgery.  Medical  Department  Harvard 
University;  Surgeon  to  the  Massachusetts  Tieiieral  Hospital,  etc. 
Handsome  octavo  volume  of  832  ))ages  ;  136  relief  aiid  lithographic 
illustrations,  33  of  which  are  printed  in  colors,  and  all  of  which  were 
drawn  by  William  J.  Kaula  from  original  specimens.  Revised  and 
Enlarged  Edition  in  Prep.iralion. 

"There  is  the  work  of  Dr.  Warren,  which  I  think  ts  the  most  creditable  book  on 
Surgical  Pathology,  and  the  nXHil  beautiful  medical  illustration  of  the  bookmaker's  art.  that 
lias  ever  been  issued  fiom  ihc  American  press." — Dr.  KosWeLL  Park,  in  the  Harvard 
Graduatt  Magavtu. 

"  The  handsomest  specimen  of  bookmaking  that  has  ever  been  issued  Irom  the  American 
medical  press." — Afttrifan  Jimrnal  a/  the  Mfdiml  Scuncfs- 

"  A  most  striking  and  very  excellent  lealute  of  this  book  is  its  illiutiMions.  Without 
eiception,  from  (he  point  of  accuracy  and  artistic  merit,  they  are  the  best  ever  seen  in  a  work 
of  this  kind.  Many  of  ibose  icpresenting  microscopic  pictures  are  so  prriecl  in  their  coloring 
and  detail  as  almost  to  give  the  lieholder  the  Impression  that  he  is  looking  down  the  hartel 
of  a  microsco|>e  at  a  well-mounted  section." — Annals  of  Surgery, 

WOLFP  ON  EXAMINATION  OF  URINE. 

Essentials  of  Examination  of  Urine.  By  Lawrence  Wolff,  M.D., 
Demonstrator  of  Chemistry,  Jefferson  Medical  College,  Philadelphia, 
etc.  Colored  (Vogel)  urine  scale  and  numerous  illustrations.  Crown 
octavo.     Cloth,  75  cents. 

[See  Saunders'  Question- Compends,  page  ii.] 
"  A  very  good  work  of  iU  kind — vcrj  well  iiulcd  to  its  purpose. " — Timis  and  Rigiatr. 

WOLFFS  MEDICAL  CHEMISTRY.     Fifth  Edition.  Revised. 

Essentials   of    Medical    Chemistry,   Organic    and    Inorganic 

Containing  also  Qiicsiious  on  Mediial  I'hysics,  Chemical  Physiology. 
Analytical  Processes,  Urinalysis,  and  Toxicology.  By  Lawrence 
WoLFK,  M.D..  Demonstrator  of  Chemistry.  Jefferson  Medical  College, 
Philadelphia,  clc.  Crown  octavo,  i>3  pages.  Cloth,  ^i.oo  net ;  inter- 
leaved for  notes,  ^t.35  net. 

[See  Saunders'  Queslion-CampentU.  page  »i.] 

■•The  it.a\v  of  this  work  Is  certainly  equal  to  tttti  of  the  best  Count  of  lectures  on 
Uedical  Chemistry.  ' — fiiirmaitHticji  £ra. 
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